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Forew ord/Predgovor

The Institute o f  M icrobiology 
at the M edical Faculty in Ljubljana 

organised a scientific m eeting entitled

Inštitut za m ikrobiologijo 
M edicinske fakultete v Ljubljani 

je  organiziral znanstveno srečanje

SELECTED TOPICS IN IZBRANA POGLAVJA IZ
MICROBIOLOGY MIKROBIOLOGIJE

which was held in Ljubljana on June 10 and 11, 1993- The 
symposium was a celebration of the forty-two years of distin
guished work in microbiology by Prof. Miha Likar on the occasion 
of his retirement. Over thirty leading scientists in different fields of 
microbiology and immunology reviewed their past and recent 
experimental work. Important problems concerning emerging 
and re-emerging bacterial and viral diseases were discussed.
The meeting was held at a time when new methods in molecular 
biology had advanced the research and diagnosis of microbial 
infections and diseases beyond previous expectations. The poly
merase chain reaction (PCR) is obviously a highly important 
method with a broad possibility of utilization not only in medicine 
but also in other natural sciences. It has been introduced to study 
the variation and relatedness among different virus isolates at the 
molecular level, and holds great potential for future molecular 
epidemiological studies. The structure and genetics of human 
immunodeficiency virus (HIV), Muerto Canyon virus (a newly 
discovered hantavirus) and some other newly emerging microbes 
have been elucidated in a shortest possible time due to new 
methods. New facts are constantly brought to light.
The current status and future prospects in chronobiology, immu- 
nomodulation, and cytokine therapy were also presented. Interfer
ons and tumor necrosis factor (TNF) are among the most 
interesting cytokines with pleiotropic functions. Recent advances 
in basic research and clinical uses of interferons and TNF were 
specially emphasized. Laboratory production of interferons and 
TNF with recombinant DNA technology was described. Also, a 
number of possible methods for increasing the therapeutic index 
of interferons and TNF were discussed in detail.
Some topics presented at the meeting were related to the theoret
ical and practical approaches to the problem of therapeutical use 
of natural and man-made products for the modulatiop of the 
immune response. More and more evidence has been collected in 
recent years to give hope that severe diseases can be cured or at 
least relieved with the use of immunomodulation.
The international meeting with participants from USA, France, 
Austria, Croatia and Slovenia was a demonstration of successful 
collaboration among scientists from different laboratories with a 
common goal: to gain further insight into microbiological and 
epidemiological problems which are topical around the globe. 
Fruitful discussions among the international scientists led to an 
important exchange of information and ideas that will help to 
achieve this goal.

Organizing Committee:
Srečko Koren, Vladimir Kotnik, Miha Likar

ki je potekalo v Ljubljani 10. in 11. junija 1993- Simpozij je bil 
posvečen prof.dr. Mihi Likarju, vodilnemu slovenskemu mikrobio
logu (virologu), ki se je upokojil po dvainštiridesetih letih uspeš
nega in plodnega dela.
Več kot trideset pomembnih raziskovalcev na različnih področjih 
mikrobiologije in imunologije je predstavilo pregled svojih razis
kovalnih dosežkov iz obdobja nekaj zadnjih let. Nadrobno so bile 
obravnavane nekatere nove, do nedavnega neznane mikrobne 
okužbe, kakor tudi tiste, ki so znane že dalj časa, pa ponovno 
pridobivajo na pomenu.
Srečanje je potekalo v obdobju, ko so sodobne molekularno- 
biološke metode omogočile nesluten napredek v odkrivanju in 
prepoznavanju mikrobnih okužb in bolezni. Verižna reakcija s 
polimerazo, ki se je uveljavila v medicini in v drugih naravoslovnih 
področjih, je bistveno izboljšala možnosti preučevanja genetskih 
lastnosti mikroorganizmov in odpira nova poglavja molekularne 
epidemiologije. Z uporabo teh in še nekaterih drugih metod so 
izjemno hitro in natančno določili gensko zgradbo humanega 
virusa imunske pomanjkljivosti (HIV) in pred kratkim odkritega 
virusa Muerto Canyon iz skupine hantavirusov.
Predstavljeno je bilo tudi trenutno stanje in izgledi za prihodnost 
na področju kronobiologije, imunomodulacije in terapije s citoki- 
ni. Interferoni in dejavnik, ki povzroča nekrozo tumorjev (TNF), 
sodijo med najzanimivejše citokine z raznovrstnimi učinki. Opi
sane so bile raziskave, ki skušajo pojasniti mehanizme njihovega 
delovanja in povečati njihov terapevtski učinek oz. izboljšati 
klinično učinkovitost in uporabnost.
V okviru srečanja so bile obravnavane tudi posamezne imuno
loške teme, s poudarkom na teoretičnih in praktičnih problemih 
modulacije imunskega odziva. V zadnjih letih se je nabralo precej 
podatkov, ki nakazujejo, da bo imunomodulacija odigrala po
membno vlogo pri zdravljenju različnih bolezni.
Na srečanju so sodelovali znanstveniki iz ZDA, Francije, Avstrije, 
Hrvaške in Slovenije, ki so v zanimivih in koristnih razpravah 
izmenjali svoje izkušnje in poglede na različne mikrobiološke in 
epidemiološke probleme, ki zadevajo številne države po vsej 
zemeljski obli. Mnogi med njimi združujejo raziskovalne moči že 
dlje časa na skupnih, mednarodnih projektih in za te je bilo 
srečanje le ena izmed neposrednih oblik sodelovanja. Pričakovati 
je, da se bo takšno in podobno trajno sodelovanje med različnimi 
laboratoriji uspešno nadaljevalo tudi v prihodnje.

Organizacijski odbor:
Srečko Koren, Vladimir Kotnik, Miha Likar

The meeting was sponsored by Krka and Labormed. Srečanje sta finančno podprla Krka in Labormed.
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P r e g le d n i p r is p e v e k / R e v ie w  a rt ic le

GIBANJA V VIROLOGIJI
TRENDS IN VIROLOGY

Miha Likar
Inštitut za m ikrob io log ijo , M ed ic in ska  faku lteta ,Zaloška 7, 61105 Ljub ljana, S lovenija

P risp e lo  1994-02-02, sprejeto  1994-02-02; Z D R A V  V E S T N  1994; 63: Su pp l II: 11-3-6

Ključne besede: virus hepatitisa C; virus Norwalk; sekvence  
nukleotidov popoln ih  virusnih genom ov; PCR; genski transfer; anti 
HIV vakcina; virusi in rak; antivirusna zdravila

Izvleček -  Izhod išče . Avtor posku ša  p rikazati n a  nekaterih p r i
merih, ki j ih  j e  zb ra l iz  mnogoštevilnih novosti v virologiji, d a j e  
m oleku lam a biologija z d m ž ila  posam ezn e veje virologije. N a
drobn o opisuje odkrivanje virusa hepatitisa C, opozarja  n a  virus 
N orwalk in agens bolezn i B orna. Poskuša p rikazati p om en  d o 
ločan ja  popoln ih  sekvenc nukleotidov genom ov virusov vakcinij, 
citom egalovirusa in rdečk.

Z ak lju čk i. Očitno j e  avtorju posebn o  pom em ben  test PCR in išče 
motive N obelovca Mullisa, k i j e  test izumil. Pri opisu genskega  
transferja opisuje poskuse zdraviti z  m etodo cistično fib ro z o  in 
navaja, kjer poskuse opravljajo z  dovoljenjem  FDA. Iskanje vak
cin e proti aidsu  predstavlja kot osrednje vprašanje dan ašn je  
virologije in razm išlja o vzrokih z a  počasen  napredek. O vlogi 
virusov p r i raku  opozarja  n a skupino papilom avirusov, k i so v 
zadn jih  letih postali izredno zanim ivi, kajti n i dvoma, d a  so 
navzoči p r i mnogih anogen italn ih  tumorjih človeka. Opisani sta 
«d obra« in ••slab a•• novica o  antivirusnih zdravilih.

Uvod
A n d ré  Lw off, k i je  p red  nekaj v e č  kot desetim i leti dob il N ob elo vo  
nagrado za odkritje stopnje profaga v  bakterijah, je p red  nekaj leti 
na m ed n aro d n em  viro lo šk em  kon gresu  z  rah lo  nostalg ijo  op iso va l 
»vdor b io k em ik o v  in  f iz ik o v  v  virologijo« (1). Ž e  tedaj se  je nadejal 
novosti, če š  nem ara pa b o  m o le k u la m a  b iolog ija v iro log ijo  spet 
zd m žila  v  ce lostno  vedo . T u d i n am  se je  p red  leti zd elo , da bo  
m ed icin sk a  viro log ija postala sam osto jna veja viro log ije . M edi
c in sk a  viro log ija  je v  tistih letih  ve lja la  v  o čeh  m o lek u larn ih  
v iro lo g o v  kot nekaj, k a r je le  n ap o l znanost, kajti m ed ic in sk e  
viro log e so  zan im ali p red vsem  p raktičn i u sp e h i m o lek u larn e  
biolog ije, k i pa jih  d o  n ed avn eg a n i b ilo  ve liko , čep rav  so  se že  
za če le  pojavljati rekom b in an tne v a k c in e  in  drugi p rid e lk i, u p o 
rab ljiv i za  d iag n ozo  v iru sn ih  o ku žb .

Novi virusi
V  zad n jih  letih  so  osam ili in  identific ira li v e č  n o v ih  v iru so v , za  
katere so  že  sum ili, da  p o vzro ča jo  p ri č lo ve ku  b o lezn i. D o b er  
p rim er je v iru s hepatitisa C . P o  odkritju  v iru sa  hepatitisa B  v  1960- 
ih letih  in  odkritju  v iru sa  hepatitisa A  v  1970-ih letih  še ve d n o  n i 
bilo  m o g o če uvrstiti p rece jšn jeg a  odstotka in fekcijskega h e p a 
titisa. V e d e li sm o le, da p rib ližn o  90%  posttransfuzijskih  h e p a 
titisov p o vzro ča  n ek i v iru s, k i sm o  ga im en o va li n eA -n eB  hepatitis.

Keyw ords: hepatitis virus C; virus Norwalk.; nucleotide sequences 
o f  whole viral genom s; PCR; gen  transfer; an ti HIV vaccine; viruses 
a n d  cancer; antiv iral therapy

Abstract — Background. A uthor is trying to dem onstrate that 
m olecu lar virology has su cceded  to unite a ll special branches o f  
virology. In details the discovery o f  hepatitis virus C ispresented a n d  
the im portance o f  the new  hepatitis vim s is outlined. As a  new  
developm ent the classification o f  Norwalk virus a n d  B o m a  agents 
is m entioned a n d  their im portance f o r  m edicine stressed. Se
quencing o f  w hole viral genom s is described  a n d  som e efforts to 
obtain  them with vaccin ia  vim ses a re  given.

C o n c lu sio n s. PCR is obviously a  highly im portant ad v an ce  a s  the 
possibilities a r e  vaste not only f o r  m edicine but also f o r  a  num ber  
o f  other n atu ral sciences such as  paleontology, fo ren sic  m edicine  
a n d  others. A description ofMullise's considerations in discovering 
PCR a re  given as  described  by Mullis himself. Gen transfer is the 
next astonishing developm ent o f  m ed ical virology a n d  the use o f  
som e aten u ated  adenovim ses with integrated g en  f o r  cystic fibrosis  
is described  in gen era l terms. The search f o r  an  effective anti HIV 
vaccine is represented a s  a  central issue in todays virology a n d  
som e disappointem ents a r e  outlined. Vimses a n d  can cer  is the last 
them e au thor is trying to explain  adm itting that the problem  is not 
sim ple but com plex. A case o f  •qgood<• a n d  a  case  o f »bad '• news fo r  
antiviral therapy a re  described.

R a zisk o v a lc i tvrdke C h iro n  v  Z d ru žen ih  d rža v a h  so  že  o d  začetka  
1980-ih let vlag a li ve lika  sredstva, da bi identificirali n eA -n eB  v irus  
hepatitisa. Iz  p la zm e  šim p anza , k i je  v seb o vala  v e lik e  ko lič in e  
in fekcijskega  n eA -n eB  agensa, so  osam ili vso  n u k le in sk o  k is lin o  
z u ltracentrifugiranjem . Po denaturiranju  R N A  so do b ili k o m p le
m entarno D N A  in  jo  s p om o čjo  bakteriofaga (lam b da G T-11)  
k lon ira li v  E sch e rich ia  co li (2). P rib ližn o  m ilijon  kom p lem entarn ih  
D N A  k lo n o v  so  testirali s  seru m i p acien to v s k ro n ičn im  neA -n eB  
hepatitisom . Leta 1988 so  do b ili k lo n  (k lo n  5-1-1), k i je  kod ira l 
sp ec ifičen  p rote in  in  s h ib rid izac ijo  zgrad ili en o v ijačn o  R N A  s 5000 
do 10.000 n uk leo tid o v . T a k o  so  identificirali p o p o ln o  se kv en co  
RN A  geno m a v iru sa  hepatitisa C .
Ž e  s p o m o čjo  tega geno m a so  sestavili zan esljive  se ro lo šk e  teste, 
en cim sko  im u n sk i test in  ve rižn o  reakcijo  s  p o lim erazo . Izs led k i 
so  b ili o sup ljiv i: in fekcija  z  v iru so m  hepatitisa C  p o v zro č i pri 80%  
k ro n ičn eg a v iro n o sca . Pri vseh  v iro n o sc ih  pa so  n ašli ne  g lede na 
jetrne fu n k cijsk e  teste h isto loška znam en ja  k ro n ičn eg a  hepatitisa  
in/ali c iro ze . P o d o b n o  kot in fekcija  z  v iru so m  hepatitisa B  je tudi 
in fekcija  z  v iru so m  hepatitisa C  p ovezan a  z  n astan kom  jetrnega  
karcino m a. V e č in a  v iro n o sce v  se  inficira parenteralno : z  intraven- 
sko  u p o rab o  drog, k rv n o  transfuzijo a li tetoažo. V  v e lik i nevarnosti 
so  zlasti u ž iv a lc i drog in  hem ofilik i. Sp o ln o  p renašan je pa pri 
v iru su  hepatitisa C  n im a ve č je  v lo ge . Z d rav ljen je  z  antiv irusn im i 
zd rav ili s ice r izb o ljša  jetrne teste, ven d ar še  n i zn an o , a li odpravi 
vironoštvo .



Strukturne p rim erjave viru sa  hepatitisa C  z  drugim i v iru si kažejo , 
da ga p rištevam o m ed  flaviv iruse (v  to sk u p in o  prištevam o tudi 
v iru s »klopnega meningitisa«).
Leta 1990 je u sp e lo  še identificirati nekaj: kom p lem entarn i k lo n  
D N A  virusa, k i povzroča  n eA -n eB  hepatitis, k i se  p renaša  p rek  
prebavil. V iru s je hu d  javnozdravstven i p ro b lem  v  d eže la h  v  
razvo ju , k je r povzroča  ep idem ije  virusnega hepatitisa. V iru s je  
p rav p oseb n o  n evaren  za n o sečn ice , p ri katerih  p o vzro ča  20%  
mortaliteto. Z  m o leku larno  v iro lošk im i m etodam i so  p o d o b n o  kot 
pri virusu  hepatitisa C  dokazali, da ga prištevam o v  sk u p in o  
k a lic iv iru so v  in  ga p o im en o vali v iru s hepatitisa E  (3).
D o  tedaj še  n ism o p o zn a li za č lo ve ka  patogen ih  ka lic iv iru so v ; 
km alu  po u sp e h ih  z viru so m  hepatitisa E  pa so  vn o v ič  z  m o leku lar
n o  v iro lo šk im i m etodam i d o kaza li, da je  ka lic iv iru s tudi v irus  
N orw alk , k i p o vzro ča  pogostne ep idem ije  akutnega gastroenteriti- 
sa. D osle j so  te ep idem ije  v  nadrobnostih  zv e č in e  op isa li le  v  
Z d ru žen ih  državah , ven d ar je v se  bolj očitno , da je tudi v irus  
N orw alk  razširjen  p o vso d  p o  svetu. E tio lo ško  p ovezan ost m ed  
viru som  N o rw alk  in  gastroenteritisom  p ri č lo ve ku  so  zvečin e  
d o kaza li na prostovoljcih , pri katerih so  iz  iztrebko v osam ili 
v iru sn o  n u k le in sk o  k is lin o  za k lon iran je  in  d o b ili tudi oč iščene  
virio ne iz iztrebko v in ficiran ih  prostovoljcev. T u d i v irus N o rw alk  
je  v irus z  R N A  in  očitno  iz  sk u p in e  ka lic iv iru sov .
N evropsih iatre b o  zan im alo , da so  veterinarsk i m o leku larn i viro- 
logi od krili, da p o vzroča  viru s z en ov ijačn o  RN A  b o lezen  B o rn a  pri 
kon jih  (4). Z a  b o lezen  je zn ačiln o  ab no rm alno  veden je  ko n j in  
ovac. Po n ekaterih  p o ro č ilih  naj b i im el p ovzročite lj b o lezn i B o rna  
vlo go  tudi p ri č lo ve k o v ih  nevro psih iatričn ih  b o lezn ih . M enijo , da 
im a pri nastanku b o lezn i B o rn a  vlo go tudi reakcija  p o zn e  p re
občutljivosti.

Določanje vseh sekvenc nukleotidov 
virusnih genom ov
V  štev iln ih  laboratorijih  p osku ša jo  do ločiti v se  se kv en ce  n u k 
leotidov v iru sn ih  genom ov. R aziskave so  de lom a p o d  vp livo m  
projekta H u m a n i genom , k i ga je do n edavnega vodil sloviti 
W atson. Z d i se , da takšne razisk ave  p rinašajo  štev ilne novosti, o  
katerih sm o v  preteklosti sam o razm išlja li, pa  so  postale doseg ljive . 
D e ln e  se k v en ce  n ukleo tid ov v iru sn ih  g en o m o v so  o p iso va li že  
zadnjih  deset let, n ed avn o  pa so  u sp e li identificirati v se  se k v en ce  
nekaterih  v iru sov . Z lasti so  n adrob no p reu č ili genom e v iru so v  
vakcin ije , citom egalovirusa in  v iru sa  rdečk .
Pri raziskavah  virusa vakcin ije  so  najbolj nadrob n o  p reu č ili seva  
W estern  reserve  in  C o penhag en . V iru s v a k c in ije  je prototip  
ortop oksv iru so v in  je p rv i p oksviru s, k i je p o p o ln o m a sekven cio-  
niran  (5). Sek ve n ce  so  do loča li p retežno z  m etodologijo  kon čan ja  
verige, pri če m er so  uporab lja li zap o red n o  sintetiz irane začetne  
o lig onukleotide (p rim ere), da so  se  »plazili« ob  se kv en cah  v  
p lazm id ih  k lo n iran ih  od lom kih  genom a.
D N A  viru sa  va k cin ije  je linearna dvojna v ijačn ica  z  različn im a  
strukturam a n a  ko n ceh . V sa  viru sn a  D N A  im a kovalentn o  zaprto  
zan k o  en o jn e  v ijačn ice . O b  teh strukturah p a  lež i p ar večjih  
pon avlja jočih  se  e lem entov z  nasprotno usm eritvijo . V  sevu  
C o p enhag en  so  ti dolgi 12 kbr. En o jn o  v ijačna  D N A  virusa  
vakcin ije  im a 191.737 ostankov, kar p o m e n i 181.535 p o p o ln e  
dvojno  v ijačn e  D N A  in  še  101 n ukleo tid  v sa k e  lasn ice  na ko n ceh . 
D rug i sev i v iru sa  vakcin ije  se  razloču je jo  p o  pogostnosti de lecij 
odsekov. Interpretacije se kv en c n uk leo tid o v v  genom u g lede na  
m esto genov in  g lede na naravo  ko d iran ih  p ro te ino v ponuja jo  
fascin irajoče branje. M ogoče je razbrati v lo go n ekaterih  proteinov. 
D o lo čili so  že  189 sp o zn av n ih  kod iran ih  prote inov. Fu n k cije  jim  
prip isu jejo  p o  že  objavljenih  de lih  in  p o  o cen i podobnosti 
am in okislin . Skupaj so  d o ločili v lo g o  nekaj m anj kot 50 genov. 
O su p ljivo  pa je štev ilo  geno v zlasti na k o n ce h  genom a, k i še  
nim ajo  d o reče n ih  n a log  in  n iso  b istveni za  rep likac ijo  v irusa. 
O čitn o  je, da v iru s va k cin ije  kod ira  štev ilne na  v id ez  o d večn e  
gene, k i ne vp liva jo  n a  funkcije  v irusa, k i jih  la h k o  o p azu jem o , na

p rim er p ri rep likac iji v  ce ličn ih  kulturah. V iru s o č itn o  uporab lja  
različn e  izm ika joče  se taktike, da zm anjša svo jo  v idnost p red  
gostite ljevim i varstven im i m eh an izm i, zlasti p red  im u n sk im i o d z i
vi. D o k a za li so  n a  prim er, da v iru s vakcin ije  in h ib ira  de lovanje  
sistem a kom plem enta.
Sek ve n ce  seva C o p en h ag en  so  m o čn o  p o d o b n e  doslej ob javlje
n im  se k v en ca m  seva W estern  reserve, ve n d a r so  že  identificirali 
n ekatere razločke . Sprem injan ja se kv en ce  n u k leo tid o v  očitno  
od seva jo  reko m b in ac ijske  dogo dke. P rav je  p ripom niti, da je 
p o rek lo  v iru sa  va k cin ije  nejasn o  in  se  današn ji se v i razloču je jo  v  
m n og ih  se k v en ca h  o d  naravnega divjega tipa v iru sa  vakcin ije . 
Pojav pojasn juje jo  s  tem, da je Jen n er ce p il v  času , k o  so  v  
b o ln išn icah  leža li štev iln i b o ln ik i s črn im i k o za m i in  sta se  v iru sa  
črn ih  k o z  in  vakcin ije  (asep tike  še  n iso  p o zn a li) rekom b in ira la . 
D N A  citom egalovirusa je  b istveno večja , kot je D N A  ve č in e  drugih  
herp esv iru so v , h  katerim  p rištevam o tudi c itom egalo virus. S kup n i 
gen i s  he rp esv iru si so  v  geno m u citom egalo virusa osredn je  v  
geno m u, m edtem  k o  k o n čn e  se k v en ce  geno m a n iso  p o d o b n e  
se k v en ca m  ob  ko n cu  g en o m o v drugih  herp esv iru so v . N ekatere  
p ato lo ške  zn ačiln osti tega viru sa  obeta pojasn iti sp o znan je , da so  
n ašli v  geno m u citom egalovirusa tudi gene za ve č je  p o lip ep tid e  
p og lav itn ih  m o lek u l tk ivne sk ladnosti razreda 1, k i so  h o m olo gn i 
receptorju  lim focitov T . S po zn an je  je  še  tem  p o m em bn ejše , k e r so  
n ekateri no ve jši h e rp esv iru si (na p rim er herp esv iru s 6) p od ob nejši 
citom egalovirusu  kot drugim  h erp esv iruso m . T e  razisk ave  so  
n ed avn o  od krile , da obstaja tudi herp esv irus 7. R azu m ljivo  je, da  
njego vo  v lo g o  p ri č lo ve k o v ih  b o lezn ih  še razisku je jo . 
S ek ven cio n iran je  so  do kraja izp elja li tudi že  za v iru s rub ele  
(rd e čk ). V iru s je  č la n  d ru žin e  togavirid in ed in i p red stavn ik  rodu  
rub iv irus. V iru s rub ele  im a en o jn o  v ijačn ico  RN A  z 9757 b a zn ih  
p aro v  in  izred n o  ve lik o  k o lič in o  gvan ina in  c itozina , skoraj 70%. 
Študij ho m ologije  je p okaza l, da sta se  v irus rub ele  in  v iru s S indb is  
(v  p reteklosti sm o ga prištevali m ed  arbo viru se) razv ila  s k o m p le 
k sn o  in terv irusno reko m b in ac ijo  m ed  razvo jem  (6).

Verižna reakcija s polim erazo
P red  n eka j m anj kot desetim i leti je  nastal n o v  test za  do k azo van je  
n a lez ljiv ih  in  d rugih  b o lezn i, ve rižn a  reakcija  s p o lim era zo  a li P C R  
(p o  angl. = p o lym erase  ch a in  reaction). T est je  p resen etil p o  svo ji 
n atančnosti in  občutljivosti. V  m ed ic in i si je  P C R  siln o  hitro  
p rid ob ila  u g led n o  m esto m ed  diagnostičn im i testi. R a zisk o va lc i 
zv e č in e  n ek o lik o  zv iška  g ledajo  n a  d iagnostične teste kot nekaj, 
k a r n i p o se b n o  »znanstveno«. In  ve n d a r je K a ry  B . M ullis, k i je  test 
sestav il, letos do b il N o b elo vo  nagrado (7).
Z a n im iv o  je, k a k o  je P C R  nastala. K o  se  je M ullis pelja l s prijateljico  
za k o n e c  tedna na p očitn ice  in  se  je  p o n o č i u m ika l z  en e  p o lo v ice  
ceste na  drugo p o lo v ico  če z  p o ln o  črto, se je do m islil, da  je D N A  
zgrajena p o d o b n o  iz  d veh  v ijačn ic , k i se vča s ih  razpreta in  spet 
spojita. B istvo  je, da se p o n o č i na cesti lah k o  izo g n e , k e r v id i lu či 
nasproti prihaja jočega avtom obila. A li bi la h k o  p o d o b n o  pretrgal 
in  spet p o veza l d vo jn o  v ijačn ico? O d se k  z  en o jn o  v ijačn ico  bi 
razm n o ževa la  p o lim eraza , pretrganje pa bi do seg el z  dvem a  
začetn im a o lig on u kleotido m a, k i bi b ila  p rav iln o  izb rana. S 
seg revan jem  p a  b i dosegel am p lifikacijo , »razm noževanje« od seka  
v  v e lik a n sk e m  štev ilu , saj b i že  dvajset c ik lo v  d a lo  m ilijon  kop ij, 
p o  30 c ik lih  pa bi b ilo  ko p ij 1 m ilijarda!
T est P C R  uporab lja jo  dan es z  ve lik im  usp eh o m  v  m ed icin i, p a leo n 
tologiji, so d n i m ed ic in i in  še v  d rug ih  vedah . O su p ljiv o  je, da s P C R  
la h k o  d o lo ča jo  k rvn e  sk u p in e  eg ip čan sk ih  m um ij. D N A  je n en a 
vad n a  m o lek u la , p o sam ezn i o d sek i so  tako od p orn i, da p om enijo  
h u d o  težavo  za praktičn o  u p o rab o  testa, kajti p renese jo  avtok- 
laviran je. Z  drugim i b esed am i to p om eni, da k a d a r se  laboratorij 
kontam in ira  z o d sek i D N A , se  jih  skoraj n e  m ore ve č  zneb iti. T a k šn i 
o d se k i b i se  u m ev n o  p rik rad li v  teste in  izs le d k i b i b ili zm otn i in  
zavaja jo či. M ikrob io logi sm o  va jen i, da z  avtok lavom  »pometemo« 
v se  m ikro o rg an izm e in  s tem  p re izk u se  začn e m o  na  n o v o  in  se  
varu jem o  p red  k o n tam in acijo  z  n eza že len im  m ikro org an izm om . 
R azu m ljivo  je, da M ullisu  k  odkritju P CR a n i p om ag ala  sam o n o čna



vo žn ja  ob  k o n cu  tedna. Im e l je večletn e  izk u šn je  z  d o ločan jem  
o d sek o v  D N A  v  krvi. Pri tem  je uporab lja l so nd e, da se  je  
razm n o ževan je  o d sek o v  D N A  za če lo  p rav tam, k jer je  že le l. K o t pri 
m n og ih  p om em bn ih  odkritjih  je M ullisu  pom agala tudi genia lna  
zam ise l, da n i v se  res, kar p iše jo  in  verjam ejo znanstven ik i: ve lja lo  
je, da bakterijska alkalna fosfataza p ren ese  segrevanje pri 100°C in  
si p o  kuh anju  opom ore. P o m en  tega en cim a p ri P C R  pa je v  tem, 
da z  n jo  la h k o  odstran im o nuk leo tid e , k i v  testu n ivo  zaže len i, kajti 
nastajajo v  ve lik e m  številu . T a k o  je M ullis im el v se  k a m en čk e  
-m ozaika PCR«, v  katerem  je  n am esto  bakterijske a lka ln e  fosfataze  
u po rab il k a r po lim erazo .
M ullis je  svo je  odkritje op isa l. P iše, da je  vzk lik n il -eureka« in  pri 
tem  p rebu d il prijateljico , k i je  m islila , da je zgrešil pot do p očitn iške  
h išice  in  sta prišla  v  kraj Eu re k a  v  Kalifo rn iji, k i je  l6 0  km  severneje . 
U stavil je ob  cesti in  v  trenutku  n atančno v id el, k a k o  b o  d e lovala  
P CR : o d lo m ek  D N A , k i b o  ograjen  z  dvem a začetnim a n u k le o 
tidom a, se bo ob vsakem  segrevan ju  »množil« (am p lific ira l). T a k o  
se je tudi zgodilo.
V  začetku  uporab ljan ja  P C R  so  v iro lo šk i laboratoriji za če li ostro  
tekm o, k d o  b o  p rv i P C R  u po rab lja l in  izd ela l o k o lišč in e , v  katerih  
trdoživost D N A  ne b o  dela la  p reglavic. Pri nas sm o test zače li 
uporabljati že  zgodaj, čep rav  so  se m i na n ek em  kongresu  m nogi 
p o sm eh o va li, češ: -Kaj, v  Ljub ljan i boste d e la li PCR? Kako?« P C R  že  
red n o  u po rab ljam o pri n e jasn ih  in  sp o rn ih  izsled k ih  za H IV  in  
n ekatere  druge viruse.

Genski transfer s posredovanjem  virusov
R azu m ljivo  je, da ve lja  na jveč zan im anja  za  m etode, s katerim i bi 
p renaša li gene v  ce lice  se sa lcev  in  p o sk u ša li razrešiti nekatera  
tem eljna b io loška  in m ed ic in sk a  vp rašan ja.
Ž e  n eka j let o su p li sp rem ljam o razisk ave  s transgenskim i m išm i 
(8), k i p onuja jo  m o dele  za  p reu čevan je  v iru sn e  patogeneze. 
Z m o žn o st izražati gene in  v iv o  s transgensko tehnologijo  ponuja  
n o v e  m ožnosti za  p reu čevan je  in terakcije  v iru sn ih  g en o v  a li 
p o sam ezn eg a  gena z  gostite ljevim i ce licam i. Po p rv i strategiji se  
v iru sn i p ro te in  izrazi p o d  n adzo ro van jem  lastnega prom otorja, kot 
je n a  p rim er p ri en em  o d  g en o v  H lV a . Pri drugi strategiji pa se  
v iru sn i prote in  v  sp ec ia liz iran i ce lic i izrazi z  uporab ljan jem  za 
ce lico  sp ec ifičneg a prom otorja, kot je n a  p rim er podgan ji p ro
m otor p ri beta ce lica h  Lan g erh an so v ih  o to čko v trebušne s lin avk e  
ali tuji prom otor za izražan je  o vo jn ičn eg a antigena H lV a  (g liko-  
prote ina 120) v  astrocitih: u sp e li so  n a  m iših  ponarediti n evro lo ške  
p o jave  pri a ids d em en ci (9).
Z an im iva  je p ovezan ost m ed  v iru si in  m ed  o d  in zu lin a  od v isn im  
diabetesom  na m o delu  tran sg en skih  m iši, v  katerem  se je izrazil 
v iru sn i prote in  v  p an k reasn ih  o to čk ih  s podgan jim  prom otorjem  
za in zu lin . M odel je om o g o čil op azo van je  u č in ka  sam ega izra že
nega antigena a li hkrati z  in d u ciran im  antiv irusn im  o d zivo m  in  se  
p o k a že  še le  p o zn eje  v  ž iv ljen ju . V iru sn i gen, u ved en  v  stopnji jajca  
in  vk lju čen  v  zarod n o  lin ijo , n i p o v zro č il d iabetesa, o d visnega od  
in zu lin a , in fekcija  z  istim  a li so ro d n im  v iru so m  p ozn e je  v  živ ljen ju  
pa je izzva la  antiv irusn i o d ziv , k i se lektivn o  u n iču je  beta ce lice . O d  
in zu lin a  o d v isn i d iabetes je  n a sta l114. dan , kad ar se  je transgen  
izrazil v  beta ce licah , in  120. do 200. dan , kad ar se  je izrazil v  beta  
ce lica h  in  v  p riže ljcu . Im u n sko -k em ičn i in  genetičn i p o sk u si 
n akazu je jo , da je za o d  in zu lin a  o d v isn i d iabetes potreben  sam o  
C D 8+ lim focit.
A m eriška  ustanova F o o d  an d  D ru g  A dm inistration  (F D A ) je  že  
d o vo lila  v  p raksi uporab iti genetično  m an ip u liran e  ad eno viru se  za  
zd rav ljen je  m u ko v isc id o ze  (c is tičn e  fibroze). T em eljn i p o sk u s je  
so razm erno  p reprosto  opisati: ad en o viru s s slabotno v iru len co  
n o si ob  in fekciji v  d ih a la  p o sk u sn e  o seb e še gen  za alfa 1 
antitripsin , k i tem  b o ln iko m  p rim an jku je  in  zato m lad i um irajo . S 
takšn im  zd ravljen jem  se dan es u kvarja jo  že  na v e č  u stano vah  po  
svetu, najbolj zn an e pa so  na  u n iverzah  v  am erišk ih  državah  
M ich igan  in Io w a . D o v o ljen i so  program i na N ational heart, lung  
and b lo o d  institute, k jer b o d o  zd rav ili z  ad eno viru som  tipa 5, k i pa  
nim a E l  genov, k i so  n u jn i za v iru sn o  rep likac ijo  in E3  genov, k i

im u nskem u  sistem u p reprečijo  sp oznati v irus. In ficira li b od o  10 
b o ln iko v, starih  n ad  21 let, v  lev o  n o sn ico  in  leva  p ljuča. Na  
u niverz i v  Io w i pa b od o  u po rab ili ad eno viru s tipa 2 b rez E l  genov  
pa z  oh ran jen im i E3  gen i (10).
Na u n iv erz i v  M ich iganu  hkrati z  g en sko  terapijo poskušajo  
zdraviti še  pet p rim ero v  dedn e b o lezn i hiperho lestero lem ije . 
Z an im ivo  je, da pri teh že  poročajo  o  u sp e h ih , kajti ho lesterol je 
že  p o  p rv ih  »infekcijah« u sahn il v  krv i b o ln ik o v  skoraj za tretjino. 
Pri p o sk u sih  s p renašan jem  g eno v u porab lja jo  v  m nog ih  labora
torijih m išje retroviruse, kajti ti v iru si se  m ed  rep likac ijo  za d o lo čen  
čas vk lju ču je jo  v  geno m  ce lice  gostiteljice, k i za  ta čas izraža n ove  
gene, vk lju če n e  kot p rovirus. N ekatere zn ačiln osti n aravnega cik la  
retrovirusa so  zato id ea ln e  za gen sk i transfer. Z  razm noževan jem  
sp ec ifičn ih  reko m b in an tn ih  g eno m ov in  sp ec ia liz iran ih  ce ličn ih  
sevov , k i sp o d b u ja jo  u čin ko v ito  nastajanje zre lih  v iru sn ih  delcev , 
p rep reču je jo  pa  sp roščan je  in  rep likac ijo  kom petentnega virusa, je  
dan es n a  vo ljo  sistem  za  gensk i transfer, k i je b istveno u činko vitejši 
o d  vseh  d o sed an jih  m etod, k i so  b ile  iz tehn ičn ih  vzro k o v  navadno  
m o go če le  v  lab orato rijsk ih  oko liščin ah .
O  genskem  transferju p o n ek o d  nerad i govorijo , k e r  obstajajo  
sk u p in e  aktiv istov, k i takšn im  p o sk u so m  nasprotu jejo  in jim  
obetajo n esrečen  k o n ec . N ajstrožji p red p isi so  g lede genske  
m an ipu lacije  v  N em čiji in  dan es m nogi pravijo , da so  n em šk i 
m o le k u larn i b io lo g i razv ili štev ilne n o v e  vrste v iru sov , zaradi 
o m ejeva ln ih  p re d p iso v  p a  so  sm etano p ob ra li v  Z d ru žen ih  drža
vah , k jer ravnajo  p o  n avo d ilih  u g led ne FD A .

Anti HIV vakcina
R aziskave a id sa  so  do seg le  obseg, k i ga v iro log i še  n ism o do žive li 
p ri n o b en em  v iru su  a li v iru sn ih  b o lezn ih . M nogi se zavedajo , da 
je p riše l čas, k o  naj b i v iro log ija p risp eva la  v a k c in o , k i bi 
p rep rečeva la  in fekc ijo  s H lV o m , kajti vse  bolj je  očitno , da je 
upan je na zan esljivo  zd rav ilo  še  bolj od d aljeno  kot va k c in a  (11). 
Naj še do dam o , da je  d an es za v iro log ijo  na  sp lo šn o , n e  le  za 
m ed ic in sk o  viro log ijo , va k cin a  proti H IV u  najbolj pom em bna  
razisk o va ln a  naloga.
V e č  k an d id atk-vak cin  proti H IV u  so  že  p re izkusili: zv eč in e  im ajo  
štev ilne in aktiv irane v iru sn e  delce, k i pa so  izg ub ili tista sp oročila  
iz  genom a, k i so  n u jna, da nastajajo n o v i in fektivn i v irion i. Ž e  od  
p rv ih  začetko v  iskan ja  va k c in e  proti in fekciji s  H lV o m  pa je  b ilo  
vsem  očitno , da je n u jen  ž iva lsk i m odel, na  katerem  b i p re izkuša li 
varnost in  u čin ko vitost va k c in e . V e č  sk u p in  je  že  p o kaza lo , da 
in aktiv irane v a k c in e  la h k o  zavaru jejo  m a k a k e  o p ice  p red  infekcijo  
z živ im  S IV o m  (= sim ian  im m u n o d efic ien cy  v iru s). N ekaj časa je 
delo  na m o d elu  z m a k a k i lep o  n ap red o va lo  (12), d o k ler raz
isk o v a lcev  n i p retreslo  sp oznan je , da je  o p ice  m o go če delom a  
zavarovati p re d  H lV o m  tud i s ce licam i, v  katerih  H IV  n i navzoč! 
T eo retičn o  je to la h k o  de lom a pojasniti (če p ra v  ne  d o  kraja), kajti 
nekateri p ro te in i H lV a  so  p o d o b n i antigenom  hu m an ih  levkocitov. 
R azisk ave  na m a k a k ih  so  pustile neprijeten  ob ču tek : ali bom o  
la h k o  n ačrto va li izd e lavo  va k c in e  proti H IV u , če  tega n ism o  zm o žn i 
niti za  v a k c in o  proti S IV u , k i očitno  p on uja  preprost m odel.
P od  s iln im  p ritiskom  javnosti, zlasti pa n ekaterih  r iz ičn ih  sk u p in  
in  in fic iran ih  o seb , so  zd ravstvene oblasti p o n ek o d  n edavno  
do vo lile  u p o rab o  nekaterih  kand id atk-vakcin  v  p re izk u sn e  n a
m ene. N acio n a ln i inštitut za zdravje je zače l študijo varnosti treh 
reko m b in an tn ih  va k c in  na otrocih. D evetdeset s H lV o m  inficiran ih  
otrok b rez b o le ze n sk ih  znam enj v  starosti o d  1 m eseca  do 12 let 
so  s p ristan ko m  staršev izbrali in  jih cep ili s k and idatko -vakcin o  
tvrdke M icro  G e n e  System . V a k c in o  sestavlja v iru sn i g likoprotein  
120, k i je  sestav ina  v iru sn e  ovo jn ice , in  d ve  kand idatki-vakcin i 
p o d o b n e  sestave tvrdk G e n e n tech  in B io cin e .
P od ob en  p re izk u s že  opravljajo  v  arm adi Z d ru žen ih  držav. Pre
izku ša jo  v a k c in o , k i jo  sestavlja g liko protein  160 tvrdke M icro  
G e n e  System . U go tovili so , da s tem  ce p iv o m  n e k o lik o  poveča jo  
k o lič in o  n a v zo č ih  protiteles, ve n d a r va k c in a  ne  varu je pred  
in fekcijo . Stro ko vn jak i dvom ijo  v  racion aln ost tega p re izkusa , kajti 
v a k c in o  sestavlja  g liko protein  160, k i n i zguban , kot je naravni 
prote in  H lV a  (13).



T e ža v e  so  tudi s  p re izk u si k and idatke-vakcine  na šim p anzih . H IV  
inficira š im p an ze , ve n d a r živa li p o  in fekciji ne  zbolijo , p ridelu jejo  
pa protitelesa. T e ža v a  s tem i p re izk u si je, da so  šim p an zi en a  od  
živa lsk ih  posebe j zavaro van ih  vrst, k e r se  je  n jihovo  štev ilo  v  
zadnjih  letih s iln o  zm anjšalo  in  jim  grozi izum rtje.
P o sku si z  v a k c in o  proti H IV u  se razloču je jo  o d  vseh  p o d o b n ih  
p re izk u so v  z  vakcin am i, kajti vakcin acija  z  antigeni H lV a  p o m en i 
la h k o  h u do  d iskrim in acijo  za  vak cin iran e  oseb e, kajti p o  cepljen ju  
b od o  se ro lo šk o  pozitivn i. N im am o pa še na  vo ljo  testov, s katerim i 
b i raz lo čeva li naravno  od  um etne in fekcije  s H lV o m  (14).

Vloga virusov pri raku
Štirideset let je  m in ilo , kar sm o javno govorili o  v log i v iru so v  pri 
raku . T istikrat n i b ilo  razum evan ja  za m isel, da b io lo ško  n i 
sprejem ljivo , d a  v iru si sicer p ovzročajo  tum orje in  raka p ri ž iva lih , 
pri č lo ve ku  pa ne. D a n e s vem o, da je p rib ližn o  15% vseh  ra ko v  po  
svetu p o v eza n ih  z  v iru sn o  infekcijo .
A n o gen italne in fekcije  z  v iru si p ap ilo m a predstavljajo skoraj dve  
tretjini tega odstotka (15), v  zadnji tretjini p a  p revlad ujejo  hepato-  
karcino m i, p o v eza n i z  v iru si hepatitisa, m aligne b olezn i, p o v e
zan e z v iru so m  Ep ste in -B arr in  v iru so m  hu m anega T  lim fotrop- 
nega virusa.
D a n e s tudi že  vem o, da sam a v iru sn a  in fekcija  n i dovolj za  
in d u kcijo  tum orja. Pri hum ani anogenitaln i in fekciji s p apilom avi-  
rusi nekaterih  tipov so  p rid e lk i v iru sn ih  g en o v  nujn i, da se ohran i 
m align i fenotip. V  n em align ih  ce licah , k i so  latentno inficirane s 
pap ilo m avirusi izražan je teh genov strogo nadzoru jejo  g en i gos
titeljeve ce lice , k i jih  spodbujajo  aktiv iran i m akrofagi. Z d i se , da je 
n eo d zivno st genov gostiteljeve ce lice  p rv i pogoj za razvoj m a
lignega fenotipa (16). T ran sd u kcije , k i jih  izzo ve jo  persistentni 
viru sn i geno m i, p risp evajo  pri nastanku tum orja v  ce licah , k i  so  
in fic irane z  drugim i sku p in am i tum orskih  v iru sov . N ekatere sm o  
že  om enili. D o d atn o  pa m oram o računati še  na u č in k e  sp ec ifičn ih  
in tegracijsk ih  m est, k i tudi sprem enijo  vrsto  pro liferacije  latentno  
in fic iran ih  ce lic .
O p isa n i u č in k i so  nep osred ni, v iru si pa lah ko  p risp eva jo  tudi s 
p osred nim i u č in k i interakcije p ri nastanku tum orja. Poti p ozn am o  
več. V  zad njem  času  je  zlasti zan im iva im u n ska  supresija , k i je 
značilna za in fekcijo  z  v iru som  H IV . D ruga pot je in du kcija  m utacij 
in am p lifikacij (razm n oževan je  v  ve lik e m  štev ilu ) od lo m ko v D N A  
v  ce ličn em  geno m u, k a r se zgod i zlasti pogosto p ri infekciji z  v iru si 
iz d ru žin e  herp esv iruso v. A li še  p o  tretji poti: z  in du kcijo  am- 
p lifikacije  in  aktivacije  z  drugim i persistentn im i v irusi, k a r p rav  
tako o p azu jem o  p ri herp esv irusih . Z an im ivo  je, da p arvov irusi, 
od visn i od  v iru so v  p om o čn iko v, lah ko  delu je jo  nasprotno tem  
dogajanjem , k e r  zav ira jo  in du kcijo  m utacij in  am plifikacij D N A . 
Spoznanje na  v id ez  n esk lad n o  z  naravo v iru so v  p a  je n enavadno , 
kajti odp ira  n o v e  m ožnosti za zdravljen je v iru sn ih  rako v v  p rih o d 
nosti. Z am ise l se  bo  m arsikom u zdela  p re več  n enavadna, da b i b ila  
u resn ič ljiva , ve n d a r so  pogosto n eznatna op azovan ja  p om enila  
p re lo m n ico  v  razm išljan ju  in  od p ira le  m o žno sti za zdravljen je  a li 
sp oznavan je  b o lezn i.

Vpliv antivirusne terapije na klinično 
virologijo
Antivirusna terapija je postala v  n ekaterih  prim erih  stvarnost. Z lasti 
uvajan je  acik lo - in  gancik lovirja  je stvari do ce la  sp rem enilo . 
Zdravljenja in fekcij s he rp esv irusi so  p okaza la , da je  z  antiv irusni-  
m i zdravili m o go če zm anjšati m orbiditeto in  mortaliteto her- 
pesnega encefalitisa in  herp esn ih  n eonataln ih  infekcij.
U sp eh i so  še  večji, če  om enim o še hitrejše zdravljen je in fekcij z 
genitaln im  h erp eso m  in  infekcij pri im u nsko  pom anjkljiv ih  osebah. 
U sp ešn o  zdravljen je  herp esn ih  b o lezn i p a  je le de l u čin ka  n o v ih  
antiv irusn ih  zd rav il, kajti p reprečevan je  reaktivacije  latentnih  
in fekcij še  m nog o bolj vp liva  na p reprečevan je  herp esn ih  b o lezn i. 
M ed u sp eh i naj n aved em o supresijo  reaktivacije  genitalnega

h e rp esa  z  acik lov irjem  in  su presijo  citom egalije p ri b o ln ik ih  p o  
p resajevanju  organov a li tk iv  z g an cik lo virjem  (17). 
O vred n o ten je  an tiherp esne terapije v  p rav iln o  n ačrto van ih  k li
n ičn ih  p re izk u sih  je b istven o  p o veča lo  tudi razu m evan je  pa- 
tog en eze  b o lezn i, kot sta neonatalna in fekcija  z  v iru so m  herp esa  
s im p lek sa  in  h erp esv iru sn i encefalitis. O sve tlilo  pa je  tudi n evar
nosti in  tveganja, k i sprem lja jo  te b o lezn i. Z  u sp e šn im  zd ravljen jem  
h e rp esn ih  b o lezn i p rep reču jem o  reaktivacijo  letentne in fekcije , 
k a r še  m nog o bolj vp liva  na  p rep rečevan je  b o lezn i in  in fekcije . 
D o d atn a  p rid ob itev  so  še n o ve  d iagnostične m etod e za  herp esn i 
encefalitis, na  p rim er z  ve r ižn o  reakcijo  s po lim erazo .
Z go db a o  acik lo - in  g an cik lo virju  je tisto, k a r im en u jem o »dobra 
novica«. R azp rava  o  an tiv irusn ih  zd rav ilih  pa še  v e d n o  n i p ri kraju. 
K o  sm o pred  leti op ravili p red h o d n e  teste z  antiherpetikom , en im  
o d  derivatov tiazo lid in  ocetne k isline  (18), sm o  naleteli na  
p o p o ln o  n erazu m evan je , zlasti farm ako logov, k i so  b ili zarad i 
izku šen j v  tistem  času  n ad vse  skep tičn i: »Virusne b o lezn i se  
razvije jo  tako hitro, da zd rav ilo  n e  b o  m oglo  delovati« a li pa: 
»H erpesne in fekcije  se  p o zd rav i že  z  n avad n im  alkoholom «. T u d i 
strošk i za  razvijan je n ovega zdravila  so  tako v e lik i, da si jih  la h k o  
p rivo šč ijo  le  m alokatere farm acevtske tvrdke p o  svetu.
Zdaj pa k  »slabi novici«. V  letošnji ap rilsk i štev ilk i Lan ceta  je izšlo  
sp o ro č ilo  sk u p in e  ra z isk o v a lcev  projekta C o n co rd e . V e č  sk u p in  
fra n co sk ih  in  an g lešk ih  ra z isk o v a lcev  je že  leta 1988 za če lo  študijo, 
a li je  do b ro de jen  u č in ek  zivu d in a  (azid otim id ina, A Z T )  res takšen, 
kot p o ro ča jo  ra zisk o v a lc i tvrdke W ellco m e, k i zd rav ilo  izdelu je . 
Č la n e k  je  sp rožil v e lik o  nasprotovan ja , kajti s p repro stim i b esed a
m i p o ve , da s ice r jem anje A Z T  izb oljša  im u n sko  stanje oseb , k i so  
in fic iran e s H lV o m , kar je o čitn o  p o  zvečan ju  števila  lim focitov T , 
ve n d a r in fic irane oseb e zb o leva jo  in  um irajo , kot bi zd rav ila  sp lo h  
ne jem ale . T u d i na IX . k o n feren ci o  aidsu  v  B e rlin u  letos so  b ile  
razp rave o  d e lovanju  A Z T  n ad vse  vro če , ra z isk o v a lc i p ro jekta  
C o n co rd e  pa svo jih  trditev n iso  sp rem enili. V p rašan je  je nadvse  
kritično , kajti zdravljen je  p osam ezn eg a b o ln ika  z  A Z T  stane na leto  
n ekaj tisoč am erišk ih  dolarjev.
T v rd k a  W ellco m e je o d  vseg a  začetka  v lo ž ila  v e lik o  sred stev in  
tudi raziskova lneg a dela , da so  razv ili A Z T . K o  so  sp o ro č ila  
raz isk o v a lcev  C o n co rd e  p rišla  v  javnost, je pad la  vredn ost de ln ic  
W ellco m e za 500 m ilijon ov funtov.
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Abstract -  B ackg rou nd . H em orrhagic fe v er  with renal syndrom e 
(HFRS) is a  disease cau sed  by viruses belonging to a  genus 
Hantavirus o f  the fa m ily  B unyaviridae. Isolation o f  the H an taan  
virus, the prototype virus o f  HFRS, in 1976  a n d  its subsequent 
adaptation  to grow  in cell culture, quickly fo llow ed  by developm ent 
o f  a n  im m unofluorescent antibody a ssa y fo r  serological diagnosis 
o f  infection, led  to the conclusion  that hantaviruses were w ide
spread  throughout the world in several gen era  o f  rodents a n d  
insectivores. Hantaviruses cau se chronic, apparently asym ptom 
atic infections am ong their reservoir hosts. Infection in  m an  is a  
direct result o f  exposure to in fected  rodents o r  insectivores o r  their 
in fected  excreta.
To date, a t  least fo u r  d ifferent serotypes (H antaan, Puum ala, 
Seoul, Prospect Hill) in the H antavirus genus a re  registered a n d  
there is ev idence o f  ad d ition a l serotypes (Dobrava, Thailand, 
Thottapalayam ). These viruses sh are  antigenic, genetic, ep idem io
log ical a n d  ecological characteristics. In general, m ilder fo r m  o f  
HFRS is linked  etiologically to P uum ala serotype; severe a n d  
frequen tly  fa t a l  outcom es with H an taan  serotype, a n d  generally  
milder, though potentially fa ta l, c lin ical variant with Seoul sero
type.

C o nclusio ns. There is a  con siderable c lin ical as well as regional 
overlap, a n d  geographic origin o f  the disease necessarily reveals a  
pred ictab le pattern  o f  illness. Moreover, there is emerging evidence  
that c lin ical patters a s  well a s  severity m ay vary by han tav iral 
serotypes within a  given geographic region. To what extent han ta 
virus virulence variations a n d  its different pathogen ic conse
quences a ffect the hu m an  being is not yet known. Polym erase 
chain  reaction  (PCR) h as been  in troduced as  a  m ethod in studying 
variation a n d  relatedness am on g  hantavirus isolates a t  m olecu lar  
level during recent years. Such analyses have proven  to be very 
useful on  classifying therefore, holding hantaviruses, g reat p o 
tential f o r  fu tu re  m olecu lar epidem iological studies.

Introduction
H em orrhag ic fever w ith  renal syn d rom e (H FR S ) refers to a n um b er  
of h u m a n  d iseases w ith  sim ilar c lin ica l sym ptom s ch aracte rized  by  
fever an d  renal failure w ith  o r w ithout hem orrhagic m anifesta
tions. T h e  d isease  has b een  g iv en  a m ultitude o f  nam es, w h ich  
contributed to the co n fu sio n  co n cern in g  its actual d istribution and

Ključne besede: HMRS; hantavirusi; m ajhn i sesalci; PCR

Izvleček — Izh od išča . H em oragična m rzlica z  renalnim  sindro
m om  (HMRS) j e  aku tn a infekcija, k i j o  povzročajo  virusi iz  rodu  
Hantavirus, družine Bunyaviridae. Osamitev prototipa hantavi- 
rusov, virusa H antaan , leta 1976 in njegova prilagoditev z a  rast 
in razm n oževan je na kulturah celic j e  om ogočila razvoj številnih 
seroloških m etod z a  ugotavljanje oku žbe s hantavirusi. Uporaba 
teh m etod j e  p rived la  do  spoznanja, d a  so hantavirusi široko 
razprostranjeni p o  vsem svetu v številnih rodovih g lodalcev  in 
žužkojedov. H antavirusi povzročajo  kronično, asimptom atsko 
okužbo svojih gostiteljev, predvsem  prostoživečih m ajh n ih sesalcev. 
In fekcija človeka j e  posled ica  neposredne izpostavitve okuženim  
glodalcem  a li žužkojedom  ter njihovim in ficiran im  izločkom . 
Z nano je , d a  rod  Hantavirus sestavljajo štirje različn i serotipi: 
H antaan , P uum ala, Seoul in Prospect Hill. V novejšem času so 
d okaza li še dod a tn e serotipe: Dobrava, Thailand, Thottapalayam. 
R azlični hantavirusi im ajo antigenske, genetične, epidem iološke 
in ekološke p o d o b n e  značilnosti. K linično j e  HMRS lahko  izražen a  
z  različno težino bolezenskih znam enj. N avadno j e  blaga oblika  
bolezn i etiološko v ezan a s P uum ala hantavirusnim  serotipom. 
Medtem ko j e  težka ob lika  bolezni, k i j e  pogostokrat smrtna, v 
povezavi s H an taan  serotipom, j e  Seoul serotip odgovoren z a  
klin ično zm erno težko obliko HMRS. Z arad i zn atn e povezave m ed  
klin ično obliko  bolezn i in naravnim  žariščem  HMRS j e  m ogoče na  
določenem  zem ljepisnem  področju  z  veliko gotovostjo predvideti 
obliko bolezni, k i j o  določen  hantavirusni serotip povzroča. Pred
vsem zan im iva  so področja , kjer j e  lahko  navzočih  več hantavi- 
rusnih serotipov hkrati.

Z a k lju čk i. Vnovejšem času  se m etode m oleku larne biologije vse bolj 
uporabljajo z a  študij antigenskih in ačic  različn ih  virusov. Te 
metode, predvsem  verižno reakcijo s po lim erazo, sm o vključili v 
naše raziskave. Rezultati m olekularno epidem ioloških raziskav  
hantavirusov v Sloveniji so pom em ben  prispevek, k. pozn avan ju  
hantavirusnih genom skih  variacij in razširjenosti HMRS v svetu. 
Menimo, d a  bodo  naši rezultati zn atn o pripom ogli p r i izbiri in 
preizkušan ju  sevov hantavim sov, prim ern ih  z a  izdelavo uspeš
nega cepiva, ki bi b il velik doprinos p ri zatiran ju  te nevarne 
bolezni.

ep id em io lo g y  (1). In  C h in a , the d isease  is k n o w n  as Ep id e m ic  
hem orrhag ic fever (E H F ) ; in  K o rea , it is ca lle d  K o rea n  hem orrhagic  
fever (K H F ) ; in  S can d in avia , w estern  part o f form er Soviet U n ion , 
and w estern  E u fb p e  is ca lled  N ephropath ia  ep id em ica  (N E). T h e  
W orld  H ealth  O rg an izatio n  adopted the term  “hem orrhagic fever 
w ith  renal sy n d ro m e ” to serve as a u n ify in g  nam e for these and  
related co n d itio n s (1).



HFRS and hantaviruses
T h is  group o f d iseases is cau sed  b y  a n e w ly  reco g n ized  group of  
viru ses, the genu s H antavirus, o f the fam ily  B u n yav irid ae  (2). M ore  
than 100 hantavirus iso lates have b een  m ade from  h u m an  and  
rodent tissues obtained throughout the w o rld . System atic sero log i
cal, m o lecu lar, and  genetic stud ies have gro up ed  them  into at least 
4 different serotypes: H antaan, Seoul, Puum ala , an d  P rospect H ill 
(3). R ecently, ev id en ce  for additional serotypes w a s found (D o b ra 
va, T h a ilan d , Thottapalayam ) (Tab . 1).

Tab . 1. Members o f  the genus Hantavirus (Bunyaviridae), their 
rodent reservoirs, geographical distribution, a n d  associated  hu 

m an disease.

Virus Primary rodent host Distribution Disease

Hantaan Apodemus agrarius 
Apodemus flavicollis

China, Korea, USSR 
Balkans

EHF and KHF (severe) 
HFRS (severe)

Seoul Rattus norvegicus Worldwide EHF (moderate)

Puumala Clethrionomys
glareolus

Scandinavia, USSR, 
Europe

Nephropathia
epidemica

Prospect
Hill

Microtus
pennsylvanicus

USA (Maryland 
and Minnesota)

None known

Dobrava Apodemus flavicollis Slovenia None known

Thailand Bandicota indica Thailand None known

Thottapalayam Suncus murinus India None known

B ase d  on  p h ysica l characteristics and genetic determ inations, 
hantaviruses sh o w  the characteristic tripartite R N A  genom e o f their 
u n iq u e  3' term inal seq u en ce  (4). T h e  three segm ents, designated  
S, M  and L  segm ents, co d e  for n u c léo cap sid e  protein, en ve lo p e  
g lycop roteins (G 1  an d  G 2 ) and a p resu m ed  transcriptase. V ario us  
strains o f hantaviruses have b een  c lo n e d  and seq u en ced , and both  
surface g lycoproteins and the core n u c léo ca p s id e  proteins have  
b een  exp ressed  in different system s (3).
D u rin g  recent years, p o lym erase ch a in  reaction  (P C R ) has b een  
in trod uced  as a m ethod to study variation  and relatedness am ong  
vario us hantaviruses at m o lecu lar level. B o th  M an d  S segm ent P C R  
tests are cu rrently  b eing  investigated, an d  u n iversa l p rim ers that 
b ind  to am p lify  m ore than 30 strains o f  hantaviruses have b een  
identified (5 -7 ) . After am plification, restriction en d o n u cleases can  
be em p lo y e d  to differentiate iso lates rapid ly. S u ch  ana lyses h ave  
b een  in trod u ced  a lso  in  o u r laboratory (8).

HFRS, hantaviruses and rodent hosts
H antaviruses are m aintened in nature p rim arily  in  rodents and  
in sectivores (1). H antaviruses cau se  ch ro n ic , ap paren tly  asym p 
tom atic infections am ong their reservo ir hosts. In fection  in  m an  is 
a d irect resu lt o f an  ex p osu re  to infected rodents o r in sectivores or 
their infected excreta. Rodents o f the su perfam ily  M uroidea, w h ich  
in c lu d es the co m m o n  sp ec ie s o f  rats, ho u se  m ice , fie ld  and  
w o o d la n d  m ice  and vo les are the m ain  reservo irs o f  hantaviruses. 
Although other m am m als are occasio n a lly  in fected  w ith  these  
viru ses, in  each  geog rap hic reg ion w h ere  d istinctive form s o f H FR S  
o ccu r, each  hantavirus is p rim arily  asso ciated  w ith  a sing le sp ec ie s  
o f rodent. H antaan  v irus cau ses the m ost severe d isease. Seoul 
v iru s p ro d u ce  d isease  o f  interm ediate severity. Puum ala v irus  
cau ses the least severe d isease. P rospect H ill v iru s do es not ap pear  
to cau se  d isease  in  hu m an s (1).
H FR S  is m anifested c lin ica lly  by fever, hyp oten sion , hem orrhage  
an d  renal failure. It fo llo w s a co m p lex  co u rse  o f  illness w ith  five  
reco g n ized  p hases: febrile, hypotensive , o liguric , d iuretic and  
co n valescen t (9).
It is  c lear from  w hat has a lready b een  sa id  that characteristics o f  
the infecting v iru s are m ajor determ inants o f  the severity o f illness.

H antaviru ses and the d isease  they cau se  can  best b e  u nderstood  
b y  exam in ing  the in d iv id u al v iru ses and the eco lo g ica l re lation
sh ip  o f  their rodent hosts.

K orean hem orrhagic fever and Hantaan 
virus infection
W hat is n o w  ca lled  “cla ss ic” H FR S  du e  to H antaan  v iru s in  A sia, is 
ch aracte rized  b y  a severe  d isease  progress in  su ccess iv e  stages
(10). T h e  m ajor clin ica l sig ns an d  sym ptom s seen  in  each  stage are  
fever, sh o ck , renal im pairm ent, relative h yp ervo lem ia  an d  fluid  
a n d  electro lyte im balance. A  p etech ia l rash  m ay  a lso  be present, 
a n d  a characteristic facial flush ing  d eve lo p s in m an y  patients. In  
patients w ith  the m ore severe  form s o f the d isease , hem orrhag ic  
signs, in clu d in g  sc lera l in jection, ecch ym o sis , an d  gastrointestinal 
b leed ing , m ay be seen . In  fatal cases, death  is u su a lly  a co n 
se q u en ce  o f sh o ck  o r renal failure an d  o ccu rs  m ost frequently  
during  the o liguric stage o f d isease  (9). R eco v ery  from  infection  
w a s b e liev ed  to be com plete ; h o w ever, reports o f ch ro n ic  renal 
im p airm ent ex ist (1). Ex ten sive  su rveys o f potential an im al re
se rv o ir in  K o rea  fa iled  to reveal additional hosts to H antaan  virus  
other than A p o d em u s agrarius, from  w h ich  the p rototype v irus  
w a s iso lated  in  1976 b y  H W  Le e  in  K o rea  (11).

Nephropathia epidem ica 
and Puumala virus
A  less severe  form  o f H FR S , o r N ep hrop ath ia  ep id em ica , w ith  case- 
m ortality rate o f less than 1% is fou n d  in  S can d in avia , w estern  part 
o f  form er Soviet U n io n  an d  other Eu ro p ea n  co u ntries (12). 
A ltho ug h  the d isease  sp ectrum  o f N E  is sim ilar to those o f Far  
Eastern  form s o f H FR S , so m e of the c lin ica l signs or sym p to m s are  
le ss  p ro m inent or o ccu r in  fever patients. R en al dysfu n ctio n  is still 
the p ro m inent c lin ica l characteristic, but anuria  is rare. C oncentrat
ing cap acity  o f  the k id n ey  m ay be  im paired  from  w e e k s  to m onths, 
but se rio u s hem orrhag ic m anifestation and m ortality are generally  
absent. Pu um ala  v iru s is the causative agent o f  N E  and is 
m ain ta in ed  in  nature by the b an k  vo le  C leth rio n o m ys g lareo lus. 
T h e  in c id e n ce  o f the illn ess in  S can d in avia  p eak s in  late fall and  
ea rly  w inter, w h e n  vo les in vade m anm ade structures, and  in m id- 
to-late sum m er, w h e n  p eo p le  are active outdoors. T h e  in cid en ce  
is  a lso  affected b y  vo le  p op u lation  cy c le s  (12).

Seoul virus and urban rats
Seo u l v iru s w a s first d isco vered  b y  H W  Lee an d  co lleq u e s during  
their investigations o f  H antaan  v iru s (13). T h e y  d isco v ered  that 
both b la ck  an d  roo f rat, Rattus n o rveg icu s an d  Rattus rattus are 
in fected  w ith  Seo ul v irus an d  they sp read  the v iru s am o ng  urban  
residents. Seo ul v iru ses p ro d u ce  a d isease  o f  m oderate severity, in  
w h ic h  h ep atic  in vo lvem ent is p rom inent. After d isco v ery  o f  Seoul 
v iru s in  u rb an  rats in  K o rea , the p ossib ility  o f  potential d issem in a
tion  o f this zo o n o zis  v ia  sh ip p in g  industry  w a s suggested. V iru ses  
sim ilar o r identica l to Seo ul v im s  w e re  iso lated from  rats cap tured  
in  the port cities o f P h ilad e lp h ia , H usto n  an d  B a ltim ore in  U SA  (3). 
Sero lo g ica l su rveys d o cu m en ted  the p re sen ce  o f  in fected  rats in  
m an y parts o f A sia, Eu ro p e , Africa  and South A m erica . T h e  
in fection  o f laboratory rat co lo n ies  and tissue lin es d erived  from  
rats a lso  p o se  a p u b lic  health  threat to certain  occu p atio n a l groups. 
O u tb rea k s o f  laboratory-rat asso ciated  H FR S  h a v e  b een  d o cu 
m en ted  in  K o rea , Jap an , form er Soviet U n io n , B e lg iu m  an d  U n ited  
K in g d o m  (3). G e n e ra lly , these infections are lim ited  to an im al 
han d le rs or laboratory p erson n el. Rutine screen in g  o f laboratory  
an im als for viral patho gens n o w  u su a lly  in clu d es se ro log ica l tests 

for han tav iruses (3).



Prospect Hill virus and Meadow voles
P rospect H ill v irus w a s iso lated  from  m ead o w  vo les  M icrotus 
p en n sy lv an icu s cap tured  in  U S A  in  the early  1980s (14). T h is  virus  
is not cu rrently  co n sid ered  a  p ub lic  health  p roblem . Specific  
antibod ies to this v iru s h ave  b een  detected in  sera co llected  from  
p ro fessio nal m am m alogists (3). T h e  infected in d iv id u als h ad  no  
reco llectio n  o f an  illness co m p atib le  w ith  H FR S.

Severe HFRS of the Balkans
Recently , an extrem ly severe  type o f  H FR S  w as reco g n ized  in  the 
m ountain  reg ions o f G ree ce , A lb an ia , Bu lgaria , Serb ia an d  Bo sn ia-  
H erzeg o v in a  (3, 15). T h e  d isease  is far m ore severe  than  N E  seen  
e lse w h ere  in  Eu ro p e  and m o re  c lo se ly  resem bles the A sian  form  
of H FR S . A lthough re lative ly  fe w  cases h ave  b een  reco rded , the 
m ortality rate ap p ears to b e  e v en  greater than in  A sia . T h e  orig in  
o f this severe  form s o f H FR S  is cu rrently  not defined. T h e  y e llo w 
n e ck e d  field m o use A p o d em u s flavico llis  w as found as the m ain  
rese rvo ir o f H antaan  sero typ e v iru ses (Porogia and Fo jn ica ) at the 
B a lk a n  P en insu la  (3).

HFRS in Slovenia
T h e  p resen ce  o f H FR S  in S lo ven ia  w a s first reported in  1952 (16). 
S ince  then, 70 sp orad ic cases o f H FR S  h ave  b een  do cu m en ted  in  
S loven ia . B o th  severe  an d  m ild  cases are  seen , w ith  a n  overall 
m ortality rate o f 4.8%  (1 7 -2 0 ). O u r  sero log ical an d  m o lecu lar  
ep id em io lo g ica l studies o f H FR S  in  S loven ia  ind icated  sim ulta
n eo u s c ircu lation  o f different hantav iruses (8, 17-21). T o  date, 
three different hantaviruses w e re  found in  Sloven ia . H antaan  v irus  
w a s detected in  A . flav ico llis , field vo le  M icrotus agrestis and  
frequently  in  dorm ou se G lis  glis. Puum ala v iru s w as detected  in  C. 
g lareo lus on ly.
D o b ra va  v iru s -  the third hantav irus found in  S loven ia  w a s iso lated  
in  1988 from  the lungs o f  an  A . flav ico llis  cap tured  in  D ob rava  
villag e, a reg ion  w h ere  severe  H FR S  cases w ere  d isco vered  (22). 
Im m u n oflu orescen t antib od y assays u sing  co n va lescen t h u m an  
sera an d  M A bs indicate that D o b rava  v irus differs from  all 
reco g n ized  hantaviruses (8). E n zy m e  im m u no assays w ith  rat 
im m u n e sera  sp ec ific  for a ll sero typ es o f hantaviruses revea led  that 
D o b ra va  v iru s is antigen ically  m ore related  to H antaan  v iru s than  
to o ther serotyp es (8 ,1 9 ) . D o b rava  v iru s reacts m ore strongly w ith  
co n va lescen t patients sera sp ec if ic  for H antaan  an d  Seo ul v iru ses  
than w ith  h u m an  sera  sp ec if ic  for Pu um ala  v irus (23). Id eally , 
p laq u e red uctio n  neutra lization  tests w o u ld  defin itive ly  sh o w  the 
u n iq u e n e ss o f D o b rava  v iru s; h o w ever, repeated  attem pts to 
p la q u e  D o b rava  v irus h ave  fa iled  (19).
R ecently , R N A  from  D o b rava  v iru s infected ce lls  w a s su ccessfu lly  
reverse  transcribed  to c D N A  a n d  am p lified  b y  reverse transcriptase  
p o lym erase  ch a in  reaction  (R T -P C R ), and  resultant am p lim er from  
M -genom ic segm ent w a s digested w ith  restriction en d o n u c leases  
(8). T h e  restriction pattern w a s co m p ared  w ith  those o f  the k n o w n  
h an tav iruses a n d  found to b e  c le a rly  different. F ina lly , a portion  o f  
the M -genom ic segm ent o f D o b rava  v irus w a s am p lified  b y  P CR , 
and the n ucleotide  se q u en ce  determ ined  (21). T h e  co m p ariso n  
b etw e en  the n ucleotide  se q u en ce  an d  the sam e gene reg ion  o f  
other hantaviruses revea led  an  overa ll ho m olo g y o f 41.7% . A  
p hylog en etic tree b ased  o n  p a ir-w ise  seq u en ce  sim ilarity c learly  
sh o w e d  that D ob rava  v iru s is g en etica lly  distinct, and  p ro bab ly  
rep resents a n e w  v iru s in  the g enu s H antaviru s o f the fam ily  
B u n y a v irid a e  (21).
T h e  hyp othesis that ch aracteristics o f the infecting v iru s are m ajor 
determ inants o f  the severity  o f  illness w a s con firm ed  a lso  in 
S loven ia . In  P rekm urje  reg ion , w h e re  C . g lareo lus w a s the 
p redo m inan t rodent sp ec ie s  a n d  Pu um ala  v irus the p redom inant  
hantavirus, a m ild  form  o f H FR S  w a s m ain ly  reco gn ized . O n  the 
other han d , in  D o le n jsk a  reg ion , w h ere  A . flavico llis  and  H antaan  
v iru s predom inated , a se vere  form  o f H FR S  w as frequent (1 8 -2 0 ).

Conclusions
W e h ave p resen ted  different types o f han tav iruses w h ich  share  
antigenic, genetic , ep idem io lo g ic an d  eco lo g ic  characteristics. 
H o w ev er, it rem ains to be determ ined h o w  these  antigenic  
differences are  related to the p atho genic d ifferences b etw een  
these viruses.
A lo ng  w ith  p rogress in  o u r understand ing o f the ep id em io lo g y  o f  
the h an tav iruses has co m e detailed m o le cu la r characterization  o f  
this n e w  g ro up s o f v iruses. Som e o f the m o lecu lar techniques, 
p articu larly  P C R , h ave  p ro vid ed  p o w erfu l n e w  tools to aid  in  the 
diag n osis a n d  ep id em io lo g ica l study o f H FR S , an d  p ro m ise  to 
p ro v id e  a n e w  va cc in e  candidate.
Results ob ta ined  from  m o lecu lar ep id em io lo g ica l stud ies o f han 
taviruses in  S loven ia  are ve ry  im portant contribution  to the 
k n o w le d g e  o f  hantavirus g eno m ic variation . W e  b e lieve  that our 
resu lts rep resen t a significant aid  in  se lection  o f  co n ven ien t  
hantavirus strain  for va cc in e  preparation.
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Abstract — B ackg rou nd . In the introduction the au thor discusses 
the coordination  between epidem iology a n d  microbiology in g en 
era l a s  well a s  in the erad ication  o f  typhoid as a  case indicator. The 
role o f  “intermittent carriers” is presen ted  in connection  with the 
challenge dose o f  S. typhi. M athem atical m odels a re  seen  as  a  
m eth od fo r  the erad ication  o f  typhoid in g loba l perspective. M ech
anism  o f  “s e lf  lim itation ” is described. Effects o f  w ar in the fo rm er  
Yugoslavia can n ot be p red icted  but som e d ata  a re  given f o r  
Croatia. It is obvious th a t fo r  the tim e being eradication  o f  typhoid  
is interrupted, a n d  som e reasons a re  given: declin e o f  p erson a l a n d  
dom estic hygiene, slackening o f  preventive measures, destruction  
o f  san itary facilities a n d  overtaxation o f  pu blic  health institutions.

C o n c lu s io n s . Perspectives depen d  on  the stability o f  the illness a n d  
the effects o f  w ar destruction. The au thor fe e ls  that, the fu tu re is 
uncertain.

Introduction
M icro b io log y and the b a n ch  w o rk  o f  m icrobio logist shou ld , from  
the p ractica l point o f v ie w , b e  se e n  in the light o f their contribution  
to a so u n d  p u b lic  health  strategy in  the d isease  control. In  the early  
days o f this century , m icro b io log ist and ep idem io logist w ere  one  
p erson , but w ith  different tech n iq ues an d  specia lities, it b ecam e  
n ece ssa ry  to coord inate their functions in  a team  w o rk . It seem s  
ap prop riate to co n sid er the in terrelation  b etw een  these tw o  
d iscip lin es in  the com bat o f typ h o id  in  an  actual situation o f the 
presen t ex-Y ug oslav ia .
W h ile  this p resentation  has a ch aracte r o f a “case  stud y”, an  attem pt 
w ill be m ad e to bring u p  o b servatio ns o f  w id er s ig n ifican ce  for 
global aspects o f typho id  contro l an d  its eventual erad ication.

Disease dynamics
Salm onella  typh i is o n e  o f the best stud ied  m icroorgan ism s s in ce  
it w a s  iso lated  a centu ry  ago (1884). Characterization  o f the 
organism  b y  sero- and p hago-typ ing  perm itted ep idem io lo g ica l 
investigations into its sp read , an d  thus estab lishm ent o f effective  
control m easures. T h e  structure o f  the organism s is p ro v id ed  a 
basis for the d eve lop m en t o f  the live  va cc in es . But so m e inform a
tion o f  cru cia l im portance for und erstand ing  o f the m echan ism  and  
the d yn am ics o f the infection  ca m e  from  w h a t co u ld  be ca lled  
“quantitative m icro b io log y”. Ex am in atio n  o f  the excreta o f  the  
ch ro n ic  carriers ind icated  that there w ere  n o  “interm ittent carriers” 
but that the n um b er o f excre ted  bacteria varied  and w a s often

Ključne besede: Salm onella typhi; “zača sn i bacilon osc i”; vojna 
in tifus; stabilizacija ; perspektive

Izvleček -  Izh o d išča . Č lanek v uvodu n ačen ja  vprašanje koordi
nacije  m ed  epidem iologijo in m ikrobiologijo n a  splošno, nato p a  
p re id e  na vprašanje trebušnega tifusa. O pozarja n a  vlogo “z a 
časnih bacilon oscev”. V m atem atičnih m odelih vidi sredstvo z a  
erad ikacijo  bo lezn i v g lobalnem  obsegu, zlasti p o  m ehanizm u  
“sam oom ejevan ja  ”. Prispevekjeprva razprava p r i nas o  vlogi vojne 
n a ozem lju bivše Jugoslavije in n avaja  podatke, k i so na voljo. 
Razumljivo je , d a  so razm ere za ča sn o  ustavile erad ikacijo  
trebušnega tifusa z a ra d i usihan ja osebn e higiene, opuščanja  
varstvenih ukrepov, un ičen ja  infrastrukture in čezm erne obrem e
nitve obstajajočih ustanov javn ega  zdravstva.

Zaključki. N apoved z a  prihodnost j e  odvisna od  stabilizacije  
bolezni in učinkov un ičen ja  sanitarn ih ustanov in sredstev. Pri
hodnost se z d i avtorju negotova.

b e lo w  the leve l detectab le b y  current tech n iq u es (1). A  very  
im portant find ing  o f “quantitative m icro b io lo g y” an d  experim ental 
ep id em io lo g y  w a s  the determ ination  o f  the ch a llen g e  dose o f  
Salm onella  typh i to infect h u m an  vo lu nteers (2). It has sh o w n  that 
the ch a lleng e do se  is rather high ( ID .0 b eing  b etw een  106 and 107). 
H o w ev er, in  o n e  stud y  in  the field , it ap p e are d  that the do se might 
b e co n sid erab ly  lo w e r  (103) (3). F ro m  these stud ies an d  num erous  
ob servations it is ap p aren t that infectivity o f  typho id  depends  
strictly on  the ch a llen g e  do se  and the state o f  the host (im m unity  
an d  su sceptib ility  e. g. h yp o ch lo rh yd ria) an d  that in  the deve lop ed  
countries w ith  co m m o n  standards o f p erso n al and com m unal 
sanitation an d  h yg ien e  it is rather low .
Carefu l study o f  the natural h istory o f typho id  a n d  the construction  
o f the m athem atical m o del o f  its dyn am ics (4, 5) revea led  that there 
is an intrinsic m ech an ism  o f self-lim itation.
T h e  “self-lim iting m ech a n ism ” o f typho id  fever is effective w h en  
the in c id e n ce  o f  the d isease  b y  a gradual decrease  p asses the 
“thresho ld” o f  stab le  en dem icity . At that p o int the dyn am ics o f the 
pop ulation  lead s to the eventual erad ication  o f the infection. T h is  
p ro cess o b v io u sly  req u ires a stability o f  the pop ulation , living  
con d itio n s an d  en viro nm ent (4). T h u s  the m athem atical m odel of 
the d isease  perm its forcasting o f typho id  dyn am ics . V a lid ity  o f the 
m o del in clu d in g  “self-e lim ination  m ech a n ism ” is p ro ved  b y  obser
vations from  the lon g  and recent past d yn am ics and the trends o f  
the d isease  in  U SA , U K  an d  e lsew h ere  (4 , 6).
In  p ractica lly  a ll E u ro p ea n  countries the self-e lim ination  process  
has began; this is not the ca se  in  the M iddle East and the countries  
o n  the so uthern  sho res o f the M editerranean  Sea (6).



Effects of the w ar on disease dynam ics
In  the northern  parts o f ex-Y ug oslav ia , as ca n  be exp ected , the 
p ro cess o f  self-eradication  o f  typho id  began lon g  ago, w h ile  
central an d  southern  parts co n tin ued  to have en d e m ic  typho id . In  
Croatia, typho id  w as in  a steady declin e .
In  the last decad e, the in cid e n ce  o f typho id  co n tin ued  to d eclin e  
(se e  table 1) an d  in 1991 reach ed  the low est n um b er ever recorded . 
It seem ed  that the virtual erad ication  w a s  ap proach in g  but then the  
w a r b ro k e  out and in  the 1992 the reco rded  n u m er o f  cases  
returned to the leve l o f ten years ago. Th is , o f co u rse , co u ld  have  
b een  exp ected ; but w h at actually  h ap p en ed  an d  w hat is to be  
expected?

Tab. 1. N otified cases o f  typhoid.

Year
Croatia' -  1983-1992

No. of cases

1983 42
1984 18
1985 24
1986 9
1987 25
1988 19
1989 4
1990 6
1991 1
1992 42

’ population 4.6 million

T h e  w a r (as w e ll as other d isasters an d  calam ities) m ean s for the 
stricken  areas and their inhabitants:
-  declin e  o f personal an d  dom estic hyg ien e d u e  to destruction  o f  
facilities,
-  slacken in g  o f  food safety; u se  o f contam inated foods an d  unsafe  
w ater,
-  destruction  o f  sanitary infrastructure (w ater su p p ly , sew ag e  
system , etc.),
-  overtaxation o f existing facilities, p ro m iscu ity  in  lod ging  and  
feed ing, stress, harassm ent, casualties and deaths.
A part from  these generally  u ntow ard  effects o f w a r, so m e other  
sp ec ific  unfavourab le factors ca n  add to the risk  o f transm ission  o f  
typho id , n am ely  the in flux o f w a r refugees from  en d e m ic  areas  
into areas o f  lo w  in cid e n ce  (an d  thus o f h igh  susceptib ility).
A ll this in d eed  h ap p en ed  in  Croatia.
T h e  m ajority o f cases (23) reported w ere  am ong the refugees from  
B o sn ia  and H erceg ovina  w h e re  typho id  continued to be en dem ic, 
an d  w h o  arrived  to Croatia in  the incubation  p erio d  (7). D urin g  
their retreat they w ere  p ro b ab ly  ex p o se d  to the m ost u nsan itary  
co nd itio ns they ever exp erien ced , and co u ld  not take usual 
precautions. M ost o f them  fo llo w ed  the m ain  stream  o f refugees  
lead ing  them  to Split (12 cases) and the vic in ity  (7  cases), but a few  
arrived  to the north: Zagreb  (2 ), Pu la  (1) and D aru var (1). T h e  
m ajority o f other cases w e re  du e  to a w aterb orne ou tbreak  (14  
ca ses) w h ich  occu red  in  h eav ily  destructed city o f P akrac. T h e se  
cases ev idently  resu lted from  destruction  o f  the san itary  facilities  
b y  w ar; b esid es there w ere  m an y refugees in  the city  and the 
v ic in ity  that lived  in  tem porary shelters. If  these 14 cases are  
exem pted , o n ly  3 autochthonous cases o ccu red  (o n e  in  each  city: 
S isak  an d  Č a k o v ec  in the north). O n e  o f them  w a s a laboratory  
in fection  in  Split.
It is o b v io u s that the natural ep id em io lo g ica l p ro cess o f  se lf
e lim ination  o f typho id  in  Croatia continued, and that the in creased  
n um b er o f  cases is a d irect co n seq u e n ce  o f the w ar.

Prospectives
T h e  future w ill d e p en d  on  the result o f the tw o op p osite  forces: 
a ) a stabilizing, se lf-elim ination  p ro cess and

b ) untow ard  effects o f w ar; destruction  o f  san itary facilities, 
m igration etc.

a) T h e  first m ean s a stability o f  the p op u lation , a function ing  o f  
san itary  facilities and o f the p u b lic  hea lth  serv ices.

b ) T h e  w a r brings, apart from  destruction  o f san itary  structure, 
refugees an d  m igration, also  poverty, b ecau se  o f w h ich  m an y  
p eo p le  m ay  b eco m e destitutes an d  thus b e  forced  to ab and on  their 
healthy  life style, and  u ltim ately b eco m e victim s o f typho id  an d  
other infections.
A n o ther danger o f international co n ce rn  is a p o ssib le  sp ill-o ver  
from  B o sn ia  an d  H erceg o v in a  v ia  Croatia o r d irectly  to other 
countries. T herefo re , a ll sh o u ld  b enefit if  the w a r is stopped, even  
those w h o  d eclare  that their interests are not at stake.

W hat should be done?
T h e  se rio u sn ess o f the situation is fu lly  ap preciated  by those  
co n cern ed . “T h o se  co n cern ed ” in  this p articu lar case  are health  
se rv ices o f Croatia, both civ ilian  and m ilitary, and  they co n tin ue  
w ith  the su rve illan ce  system , trying to im p ro ve  it, s in ce  e p id e m io 
log ical in form ation  is a basis for an effective p u b lic  health  action. 
A s to the future o f typho id  in  this part o f the w o rld , severa l things 
are certain , in  sp ite o f a n um b er o f uncerta in ties. W a r w ill en d  one  
day an d  the reconstruction , in clu d in g  san itary  facilities, w ill return  
the co nd itio ns to their earlier level and  b eyo n d , an d  typhoid, after 
its rise during  the w ar, w ill continue on  its road  o f self-eradication. 
En co urag in g  ob servation  o f sp ectacu lar d ro p  o f typho id  in  Ja p a n  
after W o rld  W ar T w o  sh o w s that it ca n  h ap p en . W h eth er it w ill be  
so  in this part o f the w o rld , or the reco ve ry  w ill be s lo w er, is 
uncerta in ; but it w ill com e.

Discussion
T h is  o p en s the qu estio ns w h at sh o u ld  b e  g lobal p u b lic  health  
strategy an d  w h a t is to be the role o f  m icro b io lo g y  and m icro 
biologists.
Sho u ld  the strategy be typho id  contro l o r its erad ication? S ince  
there is the self-lim iting intrinsic m ech an ism  in  this infection  w h y  
not erad icate it?
O b v io u sly  not w ith  a w o rld -w id e , b illio n s o f do llars w orth  
sp ectacu lar cam p aign , but b y  steady an d  w e ll-p la n n e d  w o rk  first 
to bring a ll co untries to the thresho ld  o f a stable en dem icity  and  
then let the se lf-erad ication  m ech an ism  w o rk  b y  su pp orting  it 
through rational u se  o f  ava ilab le  reso urces.
I quote o n e  o f  the m ost em inent students o f  typho id  dr. R .B . 
H o rn ick  (8): “Im p ro vem en t in san itation  h as a p red ictab le and  
long-lasting b en eficia l effect. A ll co u ntries n eed  to address this 
pro b lem  so  that typho id  and other en teric  in fections can  be  
erad icated .” It seem s that “International T a sk  Fo rce  for D isease  
Erad icatio n  ( IT F D E ) ” is g o in g  to co n sid e r this possib ility .
B e  as it m ay, typho id  w ill b e  w ith  u s an d  b eca u se  o f the severity  
of the d isease , it w ill be n ece ssary  to deal w ith  it. M edical 
m icrobio log ists w ill have  to co n tin ue w ith  the d iag n osis o f the sick  
an d  the detection  o f  the carriers, but en viro nm ental m icro 
b io log ists w ill h ave  an  im portant ro le  in  tracing m o des o f sp read  
through food, w ate r an d  en viro nm ent an d  to gu id e san itarians and  
eco logists in  their w o rk  a im ed  at typho id  an d  other enteric  
in fection  control an d  erad ication. As to the ep idem io logists w h o  
w ill co llaborate w ith  “en viro nm enta l m icro b io log ists”, the q u es
tion arises w h eth er they sho u ld , as p u b lic  health  agents, be  
attached to the m in istry o f en viro nm ent w h e re  the reso urces co u ld  
be obtained  b y  environm ental interventions.
P erhap s the tim e has co m e to ch ang e the strategy an d  the tasks of 
m icrobio log ists an d  p u b lic  health  w o rk e rs  in  the typho id  control 
w ith  the a im  o f  erad ication  o f the d isease.
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Abstract — Background. Interferons a re  currently approved f o r  
approxim ately 15 c lin ica l applications in a  num ber o f  different 
countries. However, w hile interferons do  have m any clin ical uses, 
they also cause sign ificant side effects in treated  individuals. 
Furthermore, the in vivo activities o f  the interferons against m any  
tumors a re  m any-fold low er than expected on  the basis o f  in vitro 
observations. A m ajor challenge f o r  the fu tu re is to in crease the 
therapeutic index o f  the interferons by reducing their side effects 
a n d  by increasing their antitum or activities. A n um ber o f  possible 
methods f o r  increasing the therapeutic index o f  interferons are  
currently u n der investigation.

Conclusions. Early results o f  an im a l a n d  in vitro studies have been  
prom ising. However, these studies must be extended  to the hu m an  
system before their true utility can  b e  m easured. B ased  upon the 
high biological sign ificance o f  the studies p er form ed  to date in 
an im a l models, it is likely that interferons have not yet reached  
their m axim al potential.

Introduction
Biological response modifiers are natural cell products which have 
broad activities both in vitro and in vivo. Interferons, the topic of 
this review, are biological response modifiers. Three major types 
of interferons have been identified in man (for review, see 1). 
These interferons have been identified by the first three letters of 
the Greek alphabet as IFN-a, IFN-j3, and IFN-y.

General Characteristics and Biological 
Activities of Interferons
As shown in Table 1, different interferons are produced by 
different kinds of cells (for review, see 1). IFN-a is produced 
primarily by leukocytes of the macrophage and B lymphocyte 
lineages. IFN-p is produced by epithelial and fibroblast cells. IFN- 
Y is produced primarily by leukocytes of the T-cell and natural 
killer cell lineages. Interferons can be induced by a number of 
endogenous as well as exogenous inducers. The primary endo
genous inducers of interferons are other members of the biological 
response modifier family. Indeed, the complex interactions of the 
various biological response modifiers are currently being defined.

K lju čne besede: interferoni; protitum orska dejavnost; klin ična  
u poraba

Izvleček — Izhodišča. Interferoni so  registrirani v številnih d rža 
vah kot klin ično učinkovite snovi z a  zdravljen je različnih virusnih 
in rakav ih  bolezni. Njihovo uporabnost ovirajo številni nezaželen i 
stranski učinki. Poleg tega j e  dejavnost interferonov in vivo mnogo 
m anjša, kot bi p ričakovali n a osnovi poskusov, opravljenih in vitro. 
Posebej pom em bn o se zd i po iskati načine, kako  povečati tera
pevtski indeks interferonov oz. k ako  povečati protitum orsko učin 
kovitost ob  hkratnem  zm anjševan ju  stranskih učinkov.

Zaključki. Laboratorijske in vitro raziskave in poskusi na živalskih  
m odelih so n akaza li n eka j obetavnih m ožnosti z a  dosego tega 
cilja, dobljene rezultate p a  j e  treba preveriti v kliniki. Vsekakor 
m noge biološko sign ifikan tnepredklin ične študije zbu jajo  upanje, 
d a  bo v bodočnosti m ogoče izboljšati klin ično učinkovitost in 
uporabnost interferonov.

A number of exogenous inducers have been identified. IFN-a is 
induced by the exposure of producing cells to viruses, B-cell 
mitogens, or tumors. IFN-p is induced by exposure of producing 
cells to viruses or foreign nucleic acids. IFN-y is induced by 
exposure of producing cells to foreign antigens and T-cell 
mitogens.

Tab. 1. Types o f  hu m an  interferons, their producing  cells, a n d  
inducers.

Types of interferons Producing cells Inducers

IFN-a Macrophages/dendritic cells Viruses
B lymphocytes B cell mitogens
Null lymphocytes Tumors

IFN-ß Epithelial cells Viruses
Fibroblast cells Foreign nucleic acids

IFN-y CD4 T helper-1 cells Foreign antigens
CD8 cytotoxic suppressor cells 
Natural killer cells

T-cell mitogens

Despite the differences in the producing cells and the inducing 
stimuli, IFN-a and IFN-P are related molecules (for review, see 2 - 
3). As shown in Table 2, the genes for IFN-a and IFN-P are located 
in adjacent regions of chromosome 9- The interferon genes for 
IFN-a encode 13 highly related proteins composed of 166 amino 
acids that differ by as little as a single amino acid. The interferon



gene for IFN-p shares about 50% homology at the nucleotide level 
with the IFN-a genes and encodes a single protein composed of 
166 amino acids. Further, IFN-a and IFN-p activate treated cells via 
the same cell surface receptor and induce an identical set of 
approximately 12 proteins in treated cells.

Tab. 2. Distinguishing characteristics o f  hu m an  interferons by
type.

Characteristic IFN-a IFN-ß IFN-y

Genes
Numer 13 1 1
Chromosomal location Chromosome 9 Chromosome 9 Chromosome 12
Introns 0 0 3
Number of amino acids 166 166 146
Glycosylation No Yes Yes
Acid Stability Ves/No Yes No
Receptor Same as for IFN-ß Same as for IFN-a Distinct
Activity
Synergic interaction With IFN-y With IFN-y With IFN-a&IFN-ß
Polypeptides induces ~12 -12 -24
Host range Wide Restricted Restricted

In contrast, the gene for IFN-y is located on chromosome 12, is not 
believed to be related to IFN-a and IFN-P, and encodes a protein 
of 146 amino acids (for review, see 4). IFN-y activates treated cells 
via a cell surface receptor that is distinct from the receptor for IFN- 
a  and IFN-p. Finally, IFN-y induces approximately 24 proteins in 
treated cells, some of which overlap those proteins induced by 
IFN-a and IFN-p.
Interferons were first recognized for their antiviral activity more 
than 35 years ago. Over the years, interferons have been shown 
to have a broad range of additional activities, including regulation 
of cell growth and differentiation, immunoregulation, activation of 
cytotoxic immune cells, hormone-like activity, and antitumor 
activity (Tab. 3). It should be noted that while the three interferons 
differ in their general characteristics, they all exhibit these same 
broad biological activities, albeit to variable extents.

Tab. 3. Activities o f  hu m an  interferons.

Tab. 4. Antitumor activities o f  hu m an  interferons.

Direct antitumor effects Indirect antitumor effects

Antiproliferative effects
Decrease in polyamine biosynthesis 
Decrease in tryptophan biosynthesis 
Induction of 2'5' oligoadenylate synthetase 
Modulation of proto-oncogene expression

Cytotoxic effects 
Direct lysis

Enhancement of cell surface antigens 
Increase in class I antigen expression 
Increase in class II antigen expression 
Increase in tumor-associated antigens 
Enhancement of TNF receptors

Activation of cytotoxic effector cells 
Activation of macrophages/monocytes 
Activation of T cells 
Activation of NK cells

Modulation of antibody production

Induction of other lymphokines and 
cytokines

late antibody production, decreasing the amount of protective 
antibodies that may interfere with the action of the cytotoxic 
effector cells. Finally, interferons can stimulate the production of 
a cascade of other cytokines and lymphokines that may have 
cytotoxic (tumor necrosis factor) or growth inhibiting activity (IFN- 
a  or IFN-P production following treatment with IFN-y) (for 
review, see 5).

Clinical Use of Interferons
The preclinical observations cited above have supported a clinical 
role for interferon in the management of viral, immunoregulatory, 
and benign as well as malignant neoplastic diseases (for review, 
see 6). As summarized in Table 5, IFN-a is currently employed in 
a number of countries to control chronic diseases associated with 
hepatitis B and hepatitis C viral infections. IFN-p is employed to 
treat multiple sclerosis, a disease of the central nervous system that 
is believed to have both viral and immunological components. 
IFN-y is employed to treat chronic granulomatous disease. In 
addition, IFN-P is being used to treat cervical intraepithelial 
neoplasia, and IFN-a has been licensed to treat a wide variety of 
benign and malignant neoplasias.

Antiviral action 
Cell growth inhibition 
Cellular differentiation 
Immunoregulatory actions 
Activation of cytotoxic cells 
Hormonal interactions 
Antitumor actions

Antitumor Actions of Interferons
Studies showing that interferons regulate cell growth and differ
entiation and have profound effects on the host immune system 
led to the consideration that interferons might have antitumor 
activity. Indeed, in vitro and animal studies have confirmed that 
interferons exert potent antitumor effects. The antitumor effects of 
interferons are mediated through a wide variety of mechanisms. As 
shown in Table 4, these antitumor effects can be subdivided into 
direct and indirect antitumor effects.
Direct antitumor effects are those that result from direct interaction 
of the interferons with the tumor cells. For example, treatment of 
tumor cells with IFN-y can result in the lysis of the tumor cells. 
Other effects are less dramatic, but no less effective, and include 
decreased polyamine and tryptophan biosynthesis, induction of 
2'5' oligoadenylate synthetase, decreased oncogene expression, 
and increased expression of specific cell surface molecules. 
Indirect antitumor effects are those that result from activation of 
cells of the host immune system, which then, either directly or 
indirectly, exert the antitumor effect. For example, interferon 
treatment can activate cytotoxic effector cells of the host immune 
system to kill specifically tumor cells. Interferons can also modu-

Tab. 5. Approved applications o f  hu m an  interferons w orldwide.’

Disease Number of countries Interferon type

Hairy cell leukemia 32 IFN-a
Kaposi's sarcoma in AIDS 22 IFN-a
Chronic hepatitis B 19 IFN-a
Chronic hepatitis C 10 IFN-a
Condyloma acuminatum 10 IFN-a
Mycosis fungoides 10 IFN-a
Chronic myeloid leukemia 8 IFN-a
Renal cell carcinoma 8 IFN-a
Malignant melanoma 5 IFN-a
Multiple myeloma 5 IFN-a
Juvenile laryngeal papilloma 5 IFN-a
Non-Hodgkins lymphoma 2 IFN-a
Malignant carcinoid tumor 1 IFN-a
Chronic granulomatous disease 1 IFN-y
Cervical intraepithelial neoplasia 1 IFN-P
Multiple sclerosis 1 IFN-P

1 Adapted from reference 6.

While interferons have been shown to have dramatic effects in the 
treatment of some conditions such as hairy cell leukemia (greater 
than 80-90% response rate; 5% complete remission rate) (for 
review, see 7), chronic myelogenous leukemia (73% complete 
hematologic remissions) (for review, see 7), condyloma acumina
tum (greater than 50% complete remission rate) (Stephen Tyring, 
personal communication), and juvenile laryngeal papilloma (50- 
80% response rate) (for review, see 8), they have not been equally 
impressive in the treatment of most of the other diseases and 
conditions. For example, the response rate for interferon treatment 
of malignant melanoma is only about 10-15% with even fewer



complete responses (for review, see 8). Thus, there is certainly 
room for improvement of interferons' clinical activity.
Another consideration is that the clinical use of interferons is 
associated with both acute and chronic side effects (for review, see 
9). As shown in Table 6, acute side effects commonly include fever 
and chills, malaise, myalgias, and mild neutropenia. Chronic side 
effects commonly include fatigue, anorexia, mild neutropenia, 
transaminase elevations, diarrhea, and depression.

Tab. 6. C linical side effects o f  h u m an  interferon.

Acute Chronic

Common: Fatigue
Chills Anorexia
Fever Mild neutropenia
Malaise Transaminase elevations
Myalgias Diarrhea
Mild neutropenia 

Less common:
Mental slowing
Confusion
Hair shedding
Thrombocytopenia
Nausea
Vomiting

Depression

Methods for Im proving Interferon Therapy
Because of the limited antitumor effect of interferons against most 
tumors and because of the significant side effects associated with 
interferon therapy, methods to improve the therapeutic index of 
interferons are needed. Table 7 outlines a number of possible 
methods that could be used to improve interferon therapy.

Tab. 7. Possible m ethodsfor  improving hu m an  interferon therapy.

Optimization of Therapy

-  determination of the ideal level of interferon dosage,
-  determination of the ideal dosage interval, *
-  determination of the most appropriate interferon to employ,
-  determination of the most appropriate chronobiologic treatment time.

Combination Therapy

-  employment of synergistic combinations of interferons,
-  employment of interferons in combination with other lymphokines and cytokines 

(i. e., IL-2, TNF, etc.),
-  employment of interferons in combination with hyperthermia,
-  employment of interferons in combination with chemotherapy,
-  employment of interferons before surgery.

In Vitro Interferon Treatments

-  treatment of bone marrow from leukemics with interferon before reinjection,
-  treatment of tumor cells obtained from biopsies with interferon; reinjection of dead 

tumor cells.

Optimization o f therapy

One method to optimize therapy would be to determine the ideal 
level of interferon dosage to be used for different tumors. The 
effect of dosage level as it relates to specific types of tumors has 
not been well-studied to date. It might be anticipated that the 
tumors which are more responsive to the direct effects of interfer
ons might respond well to relatively higher interferon doses, while 
those more responsive to the indirect effects of interferons might 
respond better to relatively lower interferon doses that more 
efficiently activate the host immune system.
Similarity, the ideal dosage interval is yet to be determined. The 
recommended initial therapy means administering IFN-a for five 
successive days for several weeks, followed by maintenance 
treatment of three doses per week. It has been shown in in vitro 
studies that treatment with IFN-a for four successive days can 
result in physiological resistance to the interferon (10). If this 
resistance occurs in vivo, it might be best to treat with IFN-a on 
alternate days rather than every day. Furthermore, in vitro studies

have shown that treatment with IFN-y can reverse resistance to 
IFN-a, which suggests that alternating treatments with IFN-a and 
IFN-y might be more effective than prolonged treatment with IFN- 
a  alone (11).
Different tumor cells respond differentially to the three types of 
interferon (12). It will be important to determine for each type of 
tumor and perhaps for each tumor (by in vitro sensitivity studies 
on biopsy material), the interferon that is most effective against that 
tumor.
Another method to optimize therapy would be to determine the 
most appropriate chronobiologic treatment time. Studies in the 
mouse system have shown that the therapeutic index of IFN-a and 
IFN-y can be dramatically increased by choosing the most 
appropriate time for interferon treatment (13). For example, 
treatment of mice with IFN-y at 16 hours after light onset (in a 12 
hours of light, 12 hours of dark regimen) can reduce the bone 
marrow suppressive effects of the interferon by about 18-fold and 
increase the antitumor effect by at least 9-fold, resulting in an 
increase in the therapeutic index of IFN-y of about 160-fold. If 
similar chronobiological effects are seen in man, the clinical 
usefulness of interferons may be increased significantly.

Combination therapy

Combinations of IFN-y with either IFN-a or IFN-(3 have been 
shown, in animal and in vitro studies, to give a synergistically 
enhanced antitumor action (for review, see 14). Similarly, other 
combinations of lymphokines and cytokines have been shown to 
interact synergistically in preclinical studies. Some clinical studies 
have confirmed these synergistic interactions, but many have not. 
More studies must be performed to determine the best combina
tions of lymphokines and cytokines and the best ratios of different 
lymphokines and cytokines in various combinations for these 
possibilities to be evaluated adequately.
Animal and tissue culture studies have shown that modest 
hyperthermia (2°C rise in whole body temperature) can synergis
tically enhance the antitumor activity of IFN-y (12, 15). Parallel 
studies have shown that combined treatment with interferons and 
cytotoxic chemotherapeutic drugs can give an enhanced antitu
mor action (16).
Following surgery, a suppression of the immune system is often 
seen. Interferon treatment before and after surgery might be of 
general use in preventing the immunosuppression and of specific 
use in boosting the immune system to attack metastatic sites not 
removed by surgery.

In vitro interferon treatm ents

Studies in mice have recently shown that in vitro treatment of B l6  
melanoma with IFN-a can be used to activate the host immune 
system (17). In the experiments, B l6  melanoma cells were treated 
with interferon in vitro, killed, and injected into mice bearing 
untreated B l6  melanoma tumors. The immune systems of the 
tumor-bearing mice were in some measure activated by this 
treatment to attack the B l6  melanoma tumors, resulting in 
significant increases in survival time. These studies suggest that 
interferon treatment of bone marrow cultures taken from leu
kemics might be treated with interferon in vitro, killed, and 
reinjected into the patient's, possibly resulting in the activation of 
the patient- immune system to attack the remaining leukemic cells. 
Similarly, biopsied primary tumor cells (obtained during surgery 
to remove the primary tumor) might be cultured with interferon in 
vitro, killed, and reinjected into the patient.
While the proposed methods for improving interferon therapy 
discussed above are speculative, the studies in animals and in vitro 
have given encouraging results. O f course, much more work needs 
to be done before their true potential can be accurately evaluated.



However, the preclinical studies suggest that some of these 
methods for enhancing interferon therapy may indeed be useful 
in the clinical treatment of human tumors.

Conclusions
Interferons have been employed clinically for the treatment of a 
number of viral, benign, and malignant disease conditions. 
However, the efficacy of interferons against most diseases is still 
low and must be improved. A number of methods for the 
improvement of the interferon efficacy are currently under evalu
ation in preclinical studies. These studies have shown some 
potential and may lead to a more efficacious clinical use of 
interferons.
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Abstract — Background. Interferons a re  integral a n d  efficient cell 
com m unication  a n d  regulation molecules. They a re  im plicated in 
homeostasis a n d  defense against m any diseases a n d  a re  involved  
in the pathogenesis o f  a  variety o f  disorders. As a  result o f  their 
regulatory potential, interferons a re  used as therapeutic agents in 
cancer, infectious diseases, inflam m atory processes a n d  au toim 
m une disorders. One exam ple o f  this pervasiveness is the poten tia l 
use o f  interferons in can cer  treatment; w here they a re  being tested 
as direct antitum or agents, as enhancers o f  im m unological reac
tivity against tum or cells a n d  as  potentiators o f  chem otherapy a n d  
radiotherapy.

Conclusions. The purpose o f  this presentation is to describe neiv 
fin d in gs in interferon biology, particu larly those answ ering the 
questions how  the interferons a re  regulated, how  their effects on  
cells a re  m ediated, a n d  how  they interact with other cytokines in 
com plex regulatory networks. Finally, it shows how  such in form a
tion can  be  used to understand a n d  in fluence n orm al cell function  
a n d  disease pathogenesis.

Introduction
This review is focused on some past, present and potential roles 
of interferons as therapeutic agents. The article was partly drawn 
up on behalf of the Institute of Immunology, Zagreb, as a tribute 
to the efforts of its associates (producers, scientists, clinicians) 
which have been carried on for the last two decades in the field 
of interferon biology.
The Institute of Immunology in Zagreb started the production of 
human leukocyte interferon in 1970. It has been more than 22 years 
since we first presented the data, at the International Symposium 
on tumors of the head and neck in Zadar (1971) and at the 12th 
International Congress for Microbiological Standardization in 
Annecy (1971), which show that a natural protein, nonpurified 
crude human leukocyte interferon, could prevent or even cure 
viral infections and benign neoplasms. In Croatia, interferon was

K ljučne besede: interferoni; citokini; patogeneza; zdravljen je

Izvleček — Izhodišča. V številnih laboratorijskih poskusih in 
študijah j e  bilo nedvom no p rikazan o, d a  interferoni zav irajo  rast 
prim arn ih  tumorjev in preprečujejo razvoj metastaz. Poleg tega se 
uporabljajo v kom binaciji s kem oterapijo in radioterapijo kot 
uspešna d od atn a  oblika zdravljen ja z  m ajhno stopnjo toksičnosti. 
Z a optim alno uporabo interferonov j e  potrebno poleg  natančnega  
p ozn av an ja  protivirusnega in protitum orskega učinkovan ja še 
n adrobn o razum evanje njihovega delovan ja vfizioloških pogojih. 
Na tem področju  j e  b il dosežen  ogrom en napredek. Ko so uspeli z  
genetskim  inženirstvom izdelati rekom binantne interferone, j e  
bilo m ogoče preučevati zgradbo  in delovanje interferonov na  
m olekulski ravni in jih  pridobiti v dovolj velikih količinah, potreb
nih z a  obsežne klin ične raziskave.

Zaključki. Interferoni so regulacijske molekule, ki delujejo v kom 
p leksn i m reži citokinov. Vzdržujejo hom eostazo in uravnavajo  
nespecifične in specifične obram bn e m ehanizm e, vpleteni p a  so 
tudi v patogen ezo  m nogih bolezni. Z nano je , d a  j e  p r i mnogih  
bolezenskih stanjih (kron ičn i hepatitis B, levkemije, AIDS) z n i
ž a n a  raven endogenega interferona. Z arad i njihovega regulator- 
nega delovan ja uporabljajo interferone v terapiji nalezljivih bolez
ni, tumorjev, vnetnih procesov in avtoim unih bolezni. Z aključitije 
mogoče, d a je  z a  sm iselno in ciljno uporabo interferonov potrebno  
boljše p ozn av an je  fiz io lo ške  pro izvodn je in dejavnosti citokinov, 
vključno z  interferoni in n atančnejše razum evanje interakcij 
zn otra j citokinske mreže.

licensed as a preparation for human use in 1972. The initial results 
were from trials with locally administered interferon as it is shown 
in Tab. 1.
During the period from 1975 to 1989, we tested the preparations 
of human natural leukocyte interferon in controlled clinical trials 
(Tab. 2). Thanks to the clinical researches, human leukocyte 
interferon from our institute is now systematically administered to 
the patients with different pathological conditions.
In addition, we published numerous studies to evaluate the 
possible mechanisms of action of human leukocyte interferon in 
vitro and in vivo. The results are presented in Tab. 3- 
The results of our research generally confirm those published by 
others (20). It means that apart from effecting the primaiy tumors, 
which were significantly reduced, interferons can clearly inhibit 
the development of tumor metastases (2 ,3 ,6 ). They are even more 
effective in combination with other agents (chemotherapy, radio-



therapy) (8, 11) than alone. They are potentially good adjuvants 
because, in small doses, they prolong the resistance to the disease 
after primary onset. We have also observed a “priming effect” on 
the constitutively produced interferon. We did not notice any 
serious side effects during prolonged therapeutic regimens. Most 
common are fever and pain, erythema and induration at the site 
of i.m. injection if a nonpurified preparation is used.

Criteria for therapeutic use of interferons
To use interferons optimally we must understand how they act on 
normal as well as on diseased tissues. Better understanding of the 
variables that govern interferon action and at least partial identi
fication of the mechanisms leading to the beneficial effect in 
various disorders will lead to successful clinical trials. Since the 
early 1960s, there was enormous progress on this field. There are, 
however, still some clinicians and scientists who define interferons 
as “a group of new, expensive biological agents, which is entering 
routine clinical practice in selected applications” (21).
In 1980s advances in biotechnology were applied to IFN produc
tion; in 1979 interferon, interferon.-alphal to be precise, was the 
first cloned cytokine (22). The benefit was more than unlimited 
supply of fully purified interferon; the direct result of cloning of 
interferon was characterization of interferons on molecular basis 
(Tab. 4).

W hat are the principles that we have 
learned by using this drug?
The therapeutic effects do not improve with the higher doses. As 
experience with recombinant interferons proved, the side effects 
were the same as those caused by crude interferons. They were 
dose-related and became almost intolerable when more than 20 
MU were given, even for relatively short periods of time. Many 
trials were initiated on treating both viral infections and malignan
cies with “sufficiently high” doses of interferon; the results have 
been disappointing. Obviously, the complex nature of interferons 
as biological system was still not given enough concern.

W hat are the “targets” for interferon  
therapy in future?
Interferons are an integral part of the cytokine network and we 
have to accept that they, as other cytokines, may be produced 
constitutively at low levels. How we can use this endogenous 
system as a therapeutic agent5 Simply by keeping following 
postulates in our mind:
1. Cytokines are hormone-like compounds with effects on the cell 
of origin (autocrine effect), cells in the microenvironment (para
crine effect), and distant cells (endocrine effect). Cytokines 
mediate cell-to-cell communication; interferons share the ability to 
induce, stimulate, and repress distinct gene expression with other 
members of cytokine family. They are multifunctional molecules 
(redundancy) that can regulate a wide spectrum of biologic events 
(pleiotropy) relevant to inflammation, metabolism, cell growth 
and differentiation, morphogenesis, fibrogenesis, and/or ho
meostasis.
2. The term “cytokine network” (24) indicates that the biological 
function of several cytokines overlaps and that two or more 
cytokines can antagonize each other or may have synergistic 
effects. Furthermore, the production and the release of cytokines 
are influenced by positive and negative feedback loops from the 
same and other cytokines. In fact, cellular homeostasis probably 
represents a balance between the effects caused by a variety of 
cytokines which together constitute cytokine network.

Tab. 1. Local application  o f  hum an  leukocyte interferon. During 
the fo u r  fiv e-y ear p er iod  1970-1975, 539  patien ts were treated  
with frequent, sm all doses o f  interferon (10* to 10* IU) locally  
adm inistered in a  fo r m  o f  eye-drops (o il suspension), ointment, 
fr eeze -d ried  p rod u ct o r  s.c. injections. E ach c lin ical trial w as 
double-blind a n d  included  controls treated  either with p lacebo , o r  
conventional therapy. The results w ere prom ising, with high p e r 

centage o f  com pletely cured  lesions on skin o r  m ucosa (1).

Viral disease of
-  eye epidemic keratoconjunctivitis, vaccinal 

blepharoconjunctivitis and keratitis caused 
by vaccinia virus;

-  skin herpes zoster, treatment and prevention of 
postvaccinal reactions after mass vaccination 
against smallpox;

-  mucous membranes
mouth gingivostomatitis, recurrent labial herpes;
nose influenza A;
genito-anal region genital herpes;

Benign tumors condylomata accuminata, verruca cornua, 
vulgaris and plana;

Malignant tumors cancer of the vulva, planocellular cervical 
cancer, basalioma

Tab. 2. Controlled c lin ical trials with natural hu m an  leukocyte 
interferon (Institute o f  Immunology, Zagreb, C roatia) during the 
p er iod  1975-1989. Interferon w as adm in istered  by intram uscular 
injections (2-3^10* IU daily), s.c. injections, suppositoria (0 .5 -  
ly.lCf‘ IU), vaginaletes (ICE IU), intrapleurally by instillation o f  

thin needle, o r  through O m aya reservoir.

Skin, head and neck tumors

Uterine cervix precancerosis
Squamous cell carcinoma of uterine cervix
Urinary bladder papillomatosis,
breast cancer, melanoma
Virus B hepatitis
Breast cancer with pleural
carcinomatosis
Juvenile laryngeal papillomatosis 
Malignant brain tumors 
Cervical intraepithelial neoplasia 
Non-small cell lung cancer

Padovan I et al., 1979 (2)
Ikič D et al., 1981 (3)
Ikič D et al., 1981 (4)
Ikič D et al., 1981 (5)

Ikič D et al., 1981 (6)
Vlatkovič et al., 1986 (7)
Jereb B et al.. 1987 (8)
Mažuran R et al.. 1992 (9)
Krajina Z et al., 1989 (10)
Jereb B et al., 1989 (11)
Singer Z et al., 1990 (12) 
Terčelj-Zorman M et al.. 1991 (13)

Additionally, the biological effects of cytokines are often situation 
specific since they vary depending not only on the concentration 
of the cytokine or the presence or absence of other cytokines in 
the local microenvironment but also on the state of activation and/ 
or maturation of the target cell and the composition and state of 
degradation of the surrounding matrix. It is only with an appreci
ation of this context that the biologic role of a cytokine can truly 
be determined (25).
3. Physiological function of cytokines has been difficult to deter
mine despite their plethora of activities in vitro. The perfect 
example showing how deep interferons are involved in the 
development of immune reaction, preferentially of delayed type, 
is described below:
Over the past year or so, three cytokines (11-2,11-4, and 11-10) have 
been subjected to the ultimate test through deletion of their genes 
in mice by targeting techniques. Studies now indicate that deleting 
the gene for 11-2 does have important effects on the immune system 
even in young mice. The principal disturbance is on the balance 
of lymphokines produced by CD4+ T cells, which regulate one 
another's production. Recently, at least three distinct cytokine 
secretion patterns have been defined among both murine and 
human CD4+ T cells. 11-2 and interferon-gamma are mainly 
produced by Th 1 clones whereas 11-4, 11-5, 11-6 and 11-10 are 
principally produced by Th2 cells. ThO cells exhibit a mixed 
pattern of cytokine production. In the Il-2-mice, some of the “Th2 
type” lymphokines were overproduced upon in vitro stimulation, 
and serum titres of IgGl and IgE, both of which are regulated by 
11-4, were strikingly increased (26). The addition of interferon-



Tab. 3. “The tip o f  the ic eberg”: im m unom odulation  by hum an  
leukocyte interferon in vitro on hu m an  m on on u clear cells in short
term cultures a n d  in vivo in p eriphera l b lood  o f  healthy volunteers 

a n d  patien ts with different diseases.

In vitro effect on: 
monocyte/macrophage

-  inhibition of spreading 
natural killer cells 
cultivated tumor cells

-  invasive properties
-  proliferation

In vivo effect on:
-  serum interferon levels

-  serum cortisol levels
-  antibody production
-  natural killer cell activity

Mažuran R et al., 1983 (14) 
Ikič M et al., 1983.(15)

Ikič D et al., 1982 (l6)

Mažuran R et al., 1983 (17) 
Mažuran R et al., 1987(18) 
Mažuran R et al., 1992 (9) 
Mažuran R et al., 1987 (18) 
Vodopija J  et al., 1981 (19) 
Mažuran R et al., 1983(17) 
Mažuran R et al., 1987 (18) 
Mažuran Ret al., 1983(17)

Mažuran R et., 1992 (9)

-  ADCC, phagocytosis, lymphocyte proliferation
-  chronobiological rhythms of serum IFN levels 

and NK-cell activity

Tab. 4. C haracterization  o f  interferons (IFNs) (m od ified from  [231).

Type IFN-alpha1
(leukocyte)

IFN-beta2
(fibroblast)

IFN-gamma
(“immune”)

Produced by peripheral
leukocytes

fibroblasts lymphocytes

Inducing agent virus virus mitogens,
infection, infection, specific

dsRNA dsRNA antigens
Number of genes at least 15 

functional 
genes and 9 
pseudogenes

1 1

Chromosomal
location

9 9 12

Size of actual 
protein (No. of amino

143
acids)

145 146

Glycoprotein No Yes Yes

1 Another IFN-alpha exists, primarily in the sera of patients with autoimmune disease, 
but also among IFNs produced by virus-induced leukocytes, which is antigenically 
distinct from all other interferons, acid-labile, and about 60% related genetically to 
IFNs-alpha and about 26% to IFN-beta. This IFN previously referred to as IFN-alpha, 
or omega, is now designated as IFN-alpha,,. and the classical group of alpha- 
interferons is now designated as IFN-alpha,.
2 When induced, many cells produce a second glycoprotein, in addition to IFN-beta, 
which cross-reacts with antisera against IFN-beta and was therefore named IFN-beta
2. However, the gene that encodes this protein is located on chromosome 7 and 
possesses little sequence similarity with IFN-beta: encodes a protein which is 184 
amino acids long and the antiviral activity which is far lower than that of other IFNs- 
alpha and beta. It is, however, a very powerful cytokine, named 11-6.

gamma induced those T cells to differentiate into ThO, or even Thl 
instead into Th2 clones. The interferon-alpha produced pre
dominantly by macrophages, that present the antigen to Th cells 
also promotes such differentiation. Therefore, it is reasonable to 
suggest that, given the capacity of viruses and intracellular bacteria 
to stimulate macrophage production of interferon-alpha and 11-2 
(which induce interferon-gamma production by both T cells and 
NK cells), as well as to activate CD8* T cells (which produce high 
amounts of interferon-gamma), CD4* Th cells may be simul
taneously presented with processed antigen plus cytokines that 
induce them to differentiate towards a Thl phenotype. In other 
words, viruses and intracellular bacteria induce Thl responses 
because the profile of the “natural” immune response they evoke 
provides optimum conditions (high concentrations of interferon- 
gamma and absence of 11-4).
4. Endogenous interferon deficiencies seem to play a role in 
different diseases, including chronic hepatitis B, leukemia (inter
feron genes were deleted in number of leukemia cell lines), and 
AIDS. The postulate that interferons as therapeutic agents seem to 
be active in many diseases irrespective of their role in pathogenesis 
somehow sounds illogical. The recent paper by Génot et al. (27)

proved how deeply interferon-alpha is involved in pathogenesis 
and therapy. Namely, they described the mechanism by which 
interferon-alpha downregulates the abnormal intracytoplasmic 
free calcium concentration of tumor cells in hairy cell leukemia, a 
disease with exquisite sensitivity to interferon-alpha therapy. Hairy 
cells display a higher Ca2” than normal resting or anti-p-activated 
B cells which might be due to aberrant control of Ca2+ fluxes 
leading to Ca2+ accumulation into leukemic cells. A sustained 
enhancement of free intracytoplasmic C a2+ may prevent a further 
differentiation of hairy cells. Ligation of interferon-alpha to its 
receptor provides a signal necessary for dephosphorylation of 
CD20 molecule (B-cell specific phosphoprotein involved in con
trolling cell cycle progression). The in vivo correlation between the 
diminution of CD20 phosphorylation and Ca2” in tumor cells 
samples from patients at the beginning of interferon-alpha therapy 
suggests that these two parameters are connected.

Conclusion
Therapeutic interventions that alter the production and/or effector 
function of cytokines are now receiving widespread attention.
In diseases that result from over-exuberant cytokine effector 
function, therapeutically useful interventions will be needed to 
obviate the pathologic effect of the cytokines without negating the 
beneficial effects that result from physiologic cytokine production. 
Sites of cytokine-cytokine synergy are attractive targets for these 
anticytokine interventions, because the effects that result from 
these interactions can be ameliorated by the neutralization of only 
one of the interacting molecules or the partial blockade of both 
molecules.
In diseases that result from a cytokine defficiency or respond to an 
increase in cytokine activity, therapeutically useful interventions 
will provide the necessary effector molecules without producing 
significant cytotoxicity. A knowledge of cytokine-cytokine syner
gy will also help in these situations.
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Abstract -  Background. An understanding o f  the contributions o f  
the various IFN -induced antitum or effects w ould be b en efic ia l f o r  
decision m aking regarding the clin ical use o f  the IFN.

Methods. Physiologically IFN-resistant B 1 6  m elanom a cells 
(B 1 6 a ,vs cells) w ere studied  in a n  in vivo tum or model.

Results. B l6  m elan om a cells resistant to the in vitro antiprolifera
tive effects o f  IFN w ere m ore sensitive to the in vivo antitum or effects 
o f  the sam e IFN.

Conculsion. The Bl6a''es cells a re  useful f o r  the study o f  IFN- 
induced  host-m ediated antitum or effects a n d  ap p ear  to be  
significantly m ore im m unogenic than  the B 1 6  cells.

Introduction
Interferons (IFNs) are a group of naturally produced proteins 
which have antiviral, antitumor, and immunomodulatory effects. 
Antitumor effects of IFNs include those directed at the tumor cell 
(direct effects) and those directed at the activation of host immune 
defenses (indirect effects) (reviewed in 1). An understanding of the 
interplay of the direct and indirect antitumor effects is important 
to obtain the optimal clinical effect from IFNs. It has proven 
difficult, however, to separate the direct effects from the indirect 
effects.
The indirect antitumor effects of IFN have been studied with 
human tumor explants in nude mice and with IFN-resistant tumor 
cells, because these systems exclude direct IFN-mediated effects 
on the tumor cells themselves. Most IFN-resistant tumor studies 
have used resistant cell clones selected, from long-term culture in 
increasing concentrations of IFN-a (2-13). The resulting IFN- 
resistant clones are highly selected, genetically resistant and 
maintain the resistant phenotype for months or years after removal 
from IFN. In general, IFN antitumor studies using these systems 
have shown that the resistant cell tumors are about as sensitive to 
the indirect antitumor effects of the IFN as the IFN-sensitive 
parental cells.
In contrast to the work with genetically stable resistant cell clones, 
previous work in this laboratory has involved physiologically 
resistant tumor cells. Murine B l6  melanoma cells and human G36l 
malignant melanoma cells have been shown to become rapidly

K lju čne besede: interferon; tum orske celice; odpornost

Izvleček -  Izhodišča. Z natančnejšim  razum evanjem  neposred
n ih in posredn ih  protitum orskih dejavnosti in tetferona in m eh a 
nizm ov odpornosti tumorskih celic z a  interferon bi lahko  dosegli 
sm otrnejšo in učinkovitejšo uporabo interferonov v kliniki.

Metode. Na interferon a lfa  odporn e B 1 6  m elanom ske celice so bile 
preu čevan e v in vivo tum orskem m odelu.

Rezultati. B 1 6  m elanom ske celice, odporne n a antiproliferativno  
delovan je interferona in vitro, so bile v prim erjavi z  neodpornim i 
B l 6  celicam i bolj občutljive naprotitum orske učinke interferona  
in vivo.

Zaključek. B 1 6  m elanom ske celice, fiz io loško  odporne n a  interfe
ron alfa , so koristne z a  p reu čevan je protitum orskega delovan ja  
interferonov. Zdi se, d a  so  odporne B  16  celice signifikantno bolj 
im unogene kot neodporne B  16  celice.

resistant to the direct antiproliferative effects of IFN-a and IFN-P 
in vitro (14, 15). This resistance is generalized, nongenetic, and 
dose-dependent according to the concentration of IFN to which 
the cells are exposed. The resistant B l6  melanoma cells (B l6 a res 
cells) remain sensitive to the antiviral effects of IFN-a and to the 
antiviral and antiproliferative effects of IFN-y.
The current research has involved the study of the resistance in an 
in vivo mouse tumor model system. The possible in vivo develop
ment of resistance to the antitumor effects of IFN-a was investi
gated. In addition, B l6 a res cells were used in the in vivo tumor 
model system.

Methods
Cells and IFN

Mouse B l6  melanoma cells (done F -l) (16) were grown in 100 mm 
plastic tissue culture dishes (Corning, Corning, NY) in a growth 
medium of Eagle's minimal essential medium (Earle's base EMEM, 
GIBCO, Grand Island, NY) supplemented with 10% fetal calf 
serum (FCS, JRH Biologicals, Lenexa, KS) and antibiotics. In vitro 
resistant cells (B l6 a res cells) were generated by in vitro growth in 
104 U/ml IFN-a prior to inoculation into the mice. Recombinant 
human IFN-a, rHuIFN-a A/D (IFN-a), donated by M. Brunda 
(Hoffman-LaRoche, Nutley, NJ), has a specific activity of 107S1 
units/mg of protein.



Mice

Pathogen-free female C57B1/6 mice were obtained from Jackson 
Laboratory (Bar Harbor, ME). They were maintained in a patho
gen-free state as determined by antibody testing.

Intraperitoneal tum or m odel

C57B1/6 mice were intraperitoneally (i. p.) injected with either B l6  
or B l6 a rei cells resuspended in EMEM + 2% FCS at a concentration 
of 106 cells unless otherwise stated. Mice were then assigned to 
groups and were treated either with phosphate buffered saline 
containing 3 mg/ml bovine serum albumin (PBS/BSA) or with 
PBS/BSA containing 104 U/injection of IFN-oc. The treatment began 
24 h after the tumor inoculation and continued daily for either 5 
or 19 days. Mice were monitored for day of death. The average 
length of survival was calculated for each group, and the Increased 
Life Span (ILS) was calculated for each IFN-treated mouse using 
the formula:

_  Day of death for IFN-treated mouse -  Average day of death for control mouse 
Average day of death for control mice

Results
B l6  melanoma cells rapidly become resistant to the in vitro 
antiproliferative effects of IFN-oc. It was possible that resistance to 
the antitumor effects of IFN-oc might develop also in vivo. To test 
this, B16 melanoma cells were injected i.p. into C57B1/6 mice. 
Some mice received a 5-day IFN-oc treatment, while others 
received a 19-day IFN-oc treatment. Control groups received PBS/ 
BSA only. The results presented in Tab. 1 show that the mice that 
received the 19-day IFN-oc treatment survived significantly longer 
than the mice that received the 5-day IFN-oc treatment (p = 0.001). 
Thus, it appeared that in vivo development of resistance, if it 
occured in our tumor model, did not shorten survival times of the 
treated mice.

Tab. 1. Survival o f  m ice treated with IFN-a f o r  5  o r  19 days 
follow ing B 1 6  cell inoculation.

Length of treatment Number of mice Day of death ILS
0 days 34 16.7
5 days 34 27.9 67
19 days 21 37.2 123

Next, B l6 o rs cells were compared to B l6  cells in the in vivo tumor 
model. The mice received a 5-day IFN-a treatment or control 
treatment following inoculation of either B l6 a res or B l6  cells. The 
data summarized in Tab. 2 indicate, surprisingly, that IFN-treated 
B l6 a res-inoculated mice had a significantly increased ILS com
pared to IFN-treated Bl6-inoculated mice (p = 0.013). Apparently, 
B l6 a res cells are more sensitive to the IFN-induced host-mediated 
antitumor effects.

Tab. 2. Survival com parisons f o r  IFN-treated m ice inocu lated  with 
either B 1 6  or  B l6 a res cells.

Cells Treatment Number of mice Day of death ILS
B16 PBS/BSA 41 16.5

IFN-a 41 27.8 69
B l6 a r“ PBS/BSA 51 20.8

IFN-a 54 42.1 102

Cure rates are also important indicators of the antitumor effective
ness of IFN-a. Therefore, the cure rates of the IFN-treated B l6- 
inoculated mice and the IFN-treated B l6 a rcs-inoculated mice were 
compared. The cumulative results are presented in Tab. 3. When 
treated with IFN-a for 19 days, 29% of the mice inoculated with B l6  
cells and 70% of the mice inoculated with B l6 a res survived tumor

free for 90 days. This difference was significant as determined by 
chi square analysis (p = 0.0019). Therefore, IFN-treated B l6 a rcs- 
inoculated mice had a substantially higher cure rate as well as a 
substantially higher ILS.

Tab. 3. Cure rate com parisons f o r  IFN-treated m ice inocu lated  with 
either B 16  or  B l6 a n’s cells.

Cells Survivors/Mice inoculated Survival (%) Comparison

B16 11/38 29
B ića"* 16/23 70 p = 0.0019

Discussion
In order to understand the complex antitumor effects induced by 
IFN, it is useful to study model systems in which the direct and the 
indirect effects may be separated. The use of in vitro IFN-resistant 
tumor cells allows the study of IFN-induced indirect antitumor 
effects in the absence of a direct IFN antitumor effect. This tumor 
model system uses physiologically resistant tumor cells rather than 
genetically resistant tumor cells. As such, it may be a more relevant 
model system than those previously employed.
The results for this tumor model system show that resistance to the 
direct in vivo antitumor effects of IFN-a does not appear to shorten 
survival of IFN-treated mice. In addition, when IFN-treated mice 
had been inoculated with in vitro resistant B l6 a res cells, their 
average survival was significantly enhanced compared to the 
average survival of similarly treated Bl6-inoculated mice. Finally, 
the 90-day cure rate of the IFN-treated B l6 a rts-inoculated mice was 
significantly higher than the 90-day cure rate of IFN-treated B l6 - 
inoculated mice. It is possible that the in vitro resistant B l6 a res 
melanoma cells were more immunogenic than the B l6  melanoma 
cells due to the in vitro culturing in the presence of IFN-a. These 
B l6 a rra cells appeared to elicit an enhanced immune response in 
IFN-treated mice. This tumor model system might be useful for 
future studies of IFN-induced antitumor effects.
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Abstract — The interferon (IFN) system consists o f  three different 
IFN types (alpha, beta, a n d  g am m a) w hich operate through a  
coord inate series o f  cellu lar events leading to antiviral, an titum or  
a n d  im m unom odulatory responses. Sporadic d a ta  fr o m  clin ica l 
studies have suggested that there m ay be a  tim e-dependent varia
tion in the severity o f  the most com m on toxic side effects ofIFNs in 
m an. M ore d eta iled  chronob iolog ical studies in a  m urine ex 
perim en tal m odel have revealed  that various activities o f  IFNs 
rhythmically ch an g e  during the c ircad ian  p er io d  o f  approx i
m ate ly  24  hours. C ircad ian  rhythmicity in antitum or as  well as  
myelosuppressive activity o f  IFN-alpha a n d  IFN -gam m a w as dis
covered a n d  characterized .

The time poin ts a t  w hich IFN-alpha exerted its m axim um  a n d  
m inim um  antitum or effect w ere different fr o m  those observ ed for  
IFN-gamma. In an  an alogous way, the tim e poin ts o f  m axim um  
a n d  m inim um  myelosuppressive effect were d ifferen t f o r  the two 
IFN types. The know ledge o f  pred ictab le rhythmic changes in the 
susceptibility o f  organism s to IFNs cou ld  prov ide im portant infor
m ation to im prove the therapeutic index  o f  IFNs in terms o f  
in creased  efficacy  a n d  redu ced  toxicity.

Ključne besede: interferoni; kronobiologija; c irkad ian a  ritmič- 
nost; protitum orska aktivnost; mielosupresivna aktivnost

Izvleček—Izh o d išča . K ronobiologija preuču je biološke sprem em 
be  v določenem  časovnem  obdobju. Ciklične sprem em be različn ih  
bioloških vrednosti, k i se pon av lja jo  vsakih 2 4  ur, im enujem o  
c irkad ian e  ritme. C irkadiani ritmi, k i j ih  n atančno uravnava  
h ipota lam ičn a biološka ura, so usklajeni z  zaporedn im  m en ja
vanjem  dneva in noči. V cirkad ian ih  ciklusih se sprem injata  
aktivnost in toksičnost citostatikov, antibiotikov in m nogih drugih  
učinkovin.
Interferonski sistem j e  pom em ben  neim unski obram bn i kompleks, 
k i g a  sestavljajo tri različne vrste interferonov (IFNov): IFN-alfa, 
IFN-beta in IFN-gama. Vse tri vrste IFNov prepreču jejo znotrajce- 
lično razm noževan je virusov, upočasnjujejo razm noževan je tu
m orskih celic in krm ilijo im unski odziv. Z  IFNi zdravijo n ekatere  
virusne in rakave bolezn i ter im unske pom anjkljivosti. K linično  
uporabnost IFNov om ejujejo n ezaže len i stranski učinki, m ed  dru 
gim  tudi okvare kostnega m ozga, je te r  in živčevja. V poteku  
nekaterih klin ičn ih raziskav so  opazili, d a  j e  intenziteta nega
tivnih učinkov IFNov odvisna od  časa  d a jan ja  IFNskih pripravkov.

Metode. P riču joči č lan ek  predstavlja kratek preg led  kronobio- 
loških raziskav n a  mišjem eksperim entalnem  modelu. Poskusnim  
mišim sm o o b  različn ih  časih vbrizgavali IFNe in ugotavljali 
protitum orsko in m ielotoksično dejavnost. Protitumorsko dejav
nost sm o ugotavljali z  m erjenjem  časa  preživetja miši s tumorji. 
M ielotoksično dejavnost sm o ugotavljali s  štetjem belih krvnih celic 
vperifern i krvi miši in s štetjem kolon ij m atičnih celicgranu locitne  
in m akro fagn e vrste v kostnem m ozgu miši.

R ezultati. Vprvem sklopu kronobioloških poskusov smo ugotovili, 
d a  j e  protitum orska dejavnost IFN-alfa in IFN-gama odvisna od  
ča sa  vbrizgavanja. Poskusne miši z  B -16  m elanom skim i tumorji 
so  prež ivele najd lje (55% daljše preživetje kot kontrolne miši), če  
sm o jim  vbrizgavali rekom binantn i hu m an i IFN-alfa (rHuIFN- 
a lfa  A/D) ob  4 HALO (Hours A fter Light Onset), to j e  4  ure p o  
vključitvi svetlobe. Če sm o vbrizgavali rHuIFN-alfa A/D ob  12  
HALO, j e  bilo preživetje poskusn ih  miši najkrajše (30% daljše 
preživetje kot kontrolne miši). Če sm o d a ja li poskusnim  m išim  z  
B -1 6  m elanom skim i tumorji rekom binantn i m urini IFN-gama 
(rMuIFN-gama), p a  j e  bil čas preživetja najdaljši p o  vbrizgavanju  
o b  16  HALO (49% daljše preživetje kot kontrolne miši) in najkrajši 
p o  vbrizgavanju ob  8  HALO (23% daljše preživetje kot kontrolne 
miši).
V drugem  sklopu kronobioloških poskusov sm o ugotavljali h em a
tološko toksičnost različnih IFNskih vrst. Število belih krvnih celic  
v p er ifern i krvi miši se j e  zm an jša lo  najbolj p o  vbrizgavanju  
rHuIFN-alfa A/D ob  0 HALO (67% števila belih krvnih celic v



Introduction
C h ro n o b io lo g y  exp lores the tem poral re lationsh ip  o f b io log ica l 
p h en o m en a  (1). V irtu a lly  a ll p hysio lo g ica l functions o r param eters  
in  liv in g  organism s exh ib it a c ircad ian  rhythm icity i.e . they vary  
a lon g  the 24-hr scale . F o r exam p le , b o d y tem perature o r b loo d  
p ressu re ; serum  leve ls  o f different b loo d  constituents, in clu d in g  
p rote ins an d  electro lytes; the n u m b er an d  reactivity o f circu lating  
b lo o d  ce lls; and, m itotic in d ice s o f vario us k in d  o f ce lls  vary  
p red ictab ly  as a function  o f tim e (1, 2).
T h e  circad ian  rhythm s are generated  b y  an  internal p acem aker, 
ca lle d  the b io log ical c lo ck . In  m am m als the b io log ica l c lo ck  is 
located  in  the su prach iasm atic n u c le i o f  the anterior hyp otha lam u s  
(3 ). T h e  tim ing o f  b io log ical c lo ck  is m odulated b y  en viro nm ental 
factors. In  the case  o f circad ian  rhythm icity, the so lar light -  dark  
cy c le  is the m ost im portant external synchro nizer.
D u e  to rhythm s in  p hysio lo g ica l functions in  m an  and ex p erim en 
tal an im als, it is exp ected  that the positive and negative effects o f  
m ost, if  not all, k n o w n  drugs w ill vary  w ith  the tim e o f their 
adm inistration. In d eed , a w id e  variety  o f drugs su ch  as beta- 
b lo ck ers, antihistam ines, antib iotics, and  cytostatics exh ib it da ily  
variations in  their effects (4).
C ircad ian  rhythm s in  effectiveness and toxicity h ave b e e n  sh o w n  
also  for so m e b io log ical resp on se  m odifiers, e.g. in terleukin-2 , and  
tum or n ecro sis factor (5).
Interferons (IFN -a lp ha , IFN -beta, and IFN -gam m a) are a g ro up  of  
ce llu la r prote ins that have direct or indirect antiv iral an d  antitum or  
effects. A s  a part o f the co m p lex  cytok in e  n etw o rk , they a lso  exert 
a m ultitude o f im m unoregu latory activities. T h u s, it is not su rpris
in g  that IFN s have b een  estab lished  as usefu l therapeutic agents 
in  c lin ica l m ed icine. T h e y  are  u sed  for the treatm ent o f  different 
v ira l and  m alignant d iseases, and  im m u ne d isorders (6). U nfortu
nate ly, the c lin ica l effectiveness o f  IF N s is lo w er than ex p ected  on  
the b asis o f in  vitro observations. In  addition, adm in istration  o f  
IF N s frequently in du ces tox ic sid e  effects w h ich  in c lu d e  an  
in flu en za-like  syndrom e, fatigue, so m no len ce , an orex ia , hyp o ten 
sio n , throm bocytopenia , and  leu kop en ia .
In  order to in crease the therapeutic in d ex  (i.e. to m in im ize  the sid e  
effects and m axim ize the effectiveness) o f IFN s, different ap 
p ro ach e s h ave b een  suggested and investigated. T h e  ch ro n ob io-  
log ical ap proach  stresses the im portance o f the tim ing o f  ad m in i
stration o f IFN s. So far on ly  a few  p reclin ica l an d  c lin ica l stud ies  
w ith  IFN s have been  conducted.
M ann  et al. (7 ) dem onstrated in  a m u rin e  m odel that adm in istration  
o f  either IFN -alpha/beta or IFN -gam m a in  the even ing  (2100 hr) 
resu lted  in  a long er and m ore exten sive  reduction  o f the n um b er

perifern i krvi kontrolnih miši) in n a jm an j p o  vbrizgavanju ob  8  
HALO (94% števila belih krvnih celic v perifern i krvi kontrolnih  
miši). Vbrizgavanje rMuIFN-gama j e  povzročilo največji p a d ec  
števila belih krvnih celic ob  4 HALO (70% števila belih krvnih celic  
v perifern i krvi kontrolnih miši) in  najm an jši p a d e c  ob  16  HALO 
(99% števila belih krvnih celic v per ifern i krvi kontrolnih miši). S 
testom z a  dokazp ro liferac ije  m atičn ih celic granulocitne in m ak-  
rofagne vrste sm o dokazali, d a j e  p erifern i hem atotoksičn i učinek  
obeh  LFNskih vrst posled ica  zav iran ja  razm n oževan ja m atičnih  
celic kostnega m ozga in d a  j e  tudi stopnja supresije kostnega 
m ozga (m ielosupresija) odvisna od  tega, k d a j v cirkad ian em  
ciklusu vbrizgavam o rHuLFN-alfa A/D a li rMuIFN-gama.

Z a k lju čk i. Zaključiti j e  mogoče, d a  om en jen i rezultati dokazujejo, 
d a  vbrizgavanje LFNov ob  em pirično izbran ih  časih v cirkad ian em  
ciklusu poveču je protitum orski u čin ek in zm anjšu je hem atoto
ksičn i učinek IFNov vposkusnih miših. Z  n atančn im  pozn avan jem  
ritm ičnega sprem injanja dejavnosti interferonov bo m ogoče bolje  
razum eti delovan je interferonskega sistem a in n atančno določiti 
čas, ko  im ajo IFNi največji terapevtski indeks.

o f  periph era l b lo o d  leu co cytes than w h e n  IFN s w e re  adm in istered  
in  the m orn ing  (0900 hr).
Lev i et al. (8 ) ex am in ed  the ab ility o f IF N  alpha/beta to stim ulate  
m o use sp len o cyte  N K  ce ll activity at different c ircad ian  stages. N K  
ce lls  harvested  in  the seco n d  h a lf  o f the active (d ark ) sp an  or in  
the early  rest (light) sp an  o f m ice  exh ib ited  m axim al activation b y  
IFN .
In d iveri and  P u p p o  (9 ) in jected hea lthy  in d iv id u a ls  w ith  IFN -a lp h a  
in  the m orning (0800 hr) and in  the ev en in g  (2000 hr) and sh o w ed  
that o n ly  the m o rn in g  in jections altered the p hysio lo g ica l c ircad ian  
rhythm  o f the c ircu lating  count o f  T  ce lls  and  N K  cells.
A bram s et al. (10) reported  their c lin ica l ob servation  that m ost o f  
their patients ex p erien ced  less fatigue a n d  few er acute toxic effects 
w h e n  reco m b inan t IFN -a lp ha  w a s ad m in istered  in  the even ing s  
rather than in  the m ornings.
In  another c lin ica l study, B ru m m er-D ep res et al. (11) describ ed  a  
reduction  in negative sid e effects o f  reco m b inan t hum an IFN -  
a lp ha  therapy in  patients w ith  m etastatic carc in o m a w h e n  their 
co n tin u o u sly  in fu sin g  interferon p u m p  w a s  p ro gram m ed to d e liv 
e r  the m axim um  am ount o f IF N  du ring  the tim e interval o f 1800 
h r  to 2200 hr.
In  ord er to study in  m ore details the putative tim e d e p e n d en ce  o f  
the effectiveness an d /o r toxicity o f  IF N s, w e  em p lo yed  a m urine  
exp erim ental m o del and eva luated  the antitum or activity an d  the 
m yelotox icity  o f IFN -a lp h a  an d  IFN -g am m a adm in istered  at s ix  
different tim es in  the c ircad ian  cy c le  (1 2 -1 4 ).

1. C H R O N O B IO L O G IC A L  E F F E C T  O N  IF N -M E D IA T E D  
A N T IT U M O R  A C T IV IT Y

T h e  length o f  the su rv iva l o f tum or-bearing m ice  w a s u sed  as an  
ind icator o f IF N  antitum or activity an d  eva luated  for different tim es 
o f IF N  adm inistration  (12).

M aterials and m ethods
Fem ale  C57B1/6 m ice  w ere  h o u sed  in  tw o  different iso lated an im al 
room s w ith  alternating cy c le s  o f 12 hrs o f  light (L ) an d  12 hrs o f  
d arkn ess (D ). F o o d  an d  w ater w a s free ly  ava ilab le . After tw o to 
three w e e k s  o f adaptation, m ice  w e re  rand om ly  d iv id ed  into  
groups o f 8 to 10 an im als each . T h e y  w ere  intraperitoneally  
in jected  w ith  106 B l 6  m elan om a ce lls  at s ix  different tim es in  the 
circad ian  cy c le  (0 ,4 ,8 ,1 2 ,1 6 ,  o r 20 ho u rs after light onset [H ALO ]). 
Ex a ctly  24 ho u rs later, at the sam e c irca d ia n  stages, the m ice



rece ived  intraperitoneal in jections o f  reco m b inan t h u m a n  IFN -  
alpha A /D  (rH u IFN -a lp h a  A /D ) (10,000 U /d a y ) an d  reco m b inant  
m urine IFN -g am m a (rM uIFN -gam m a) (2,000 U /d ay). Contro l m ice  
w ere  in jected w ith  b o v in e  seru m  a lb um in  in  p ho sp hate  buffered  
sa line (B S A /P B S ). T reatm ents w ere  g iven  for five  days. T h e  m ice  
w ere m onitored  for d ay  o f death  and the average d ay  o f death w as  
determ ined. T h e  p ercen t in creased  life sp a n  (IL S )  w a s ca lcu lated  
b y  the fo llo w in g  form ula:

% ILS = [(day o f  death  for IFN -treated m ice  -  average d ay  o f death  
for control m ice ) : (averag e d ay  o f death for contro l m ice)] x 100

Results
Figu re  1 presents the averag ed  results o f three identica l e x p eri
m ents. P ercent in creased  life sp a n  (ILS ) is p lotted against the time 
o f IF N  adm inistration. It is ev ident that the antitum or activity o f  
rH u IFN -a lp ha  A /D  (P a n e l A ) an d  rM uIFN -gam m a (P ane l B )  varied  
w ith  the tim e o f IF N  treatm ent. M axim um  % ILS  (55% ) o ccu red  
w h en  rH u IFN -a lp h a  A /D  treatm ent w a s g iven  at 4 H A LO . M in i
m um  %  ILS  (30% ) o ccu red  w h e n  rH u IFN -a lp h a  A /D  w a s  g iven  at 
12 H A LO . M athem atical evaluation  o f the antitum or activity o f  
different co n centrations o f rH u IFN -a lp ha  A /D  adm in istered  at 4 
H A L O  and 12 H A L O  sh o w e d  that rH u IFN -a lp ha  A /D  w a s about 
five tim es m ore potent w h e n  adm in istered  at 4 H A L O . After the  
adm inistration o f  rM uIFN -gam m a, m axim um  % ILS  (49% ) o ccu red  
at 16 H A L O  an d  m in im u m  % ILS  (23% ) at 8 H A L O . M athem atical 
evaluation  o f the antitum or activity o f different concen tration s o f  
rM uIFN -gam m a sh o w e d  that rM uIFN -gam m a w a s about n ine  
tim es m ore potent w h e n  it w a s adm in istered  at 16 H A LO .

2. C H R O N O B IO L O G IC A L  E F F E C T  O N  IF N -M E D IA T E D  
M Y E L O S U P P R E S IV E  A C T IV IT Y

P eripheral w hite  b lo o d  ce ll (W B C ) su p p ress io n  a n d  b o n e  m arrow  
su p p ress io n  w ere  u sed  as ind icators o f IFN  m yelo to x ic activity and  
evaluated for different tim es o f IFN  adm inistration  (13, 14).

Materials and m ethods
Fem ale  C57B1/6 m ice  w ere  kept und er the sam e co n d itio n s and  
lighting reg im en  as d escrib ed  ab ove. After tw o  to three w e e k s  o f  
adaptation, m ice  w ere  rand om ly  d iv ided  into gro up s o f  8 to 10 
anim als each . T h e y  w ere  in jected intraperitoneally  w ith  4,000 U /  
day o f rH u IFN -a lp h a  A /D  or w ith  500 U /d ay  o f rM uIFN -gam m a for 
four co n secu tive  days, each  d ay  at s ix  tim e points sp an n in g  24 hr 
(0, 4, 8,1 2 ,1 6 , or 20 H A LO ). Control m ice  w e re  in jected  w ith  B SA /  
PBS. T h e  m ice w e re  b led  on  d ay  5, an d  the total W B C  co unt w as  
determ ined for ea ch  m ouse. B o n e  m arrow  function  w a s m easured  
in  a g ranulo cyte-m acrop hag e co lony-form ing unit (G M -C FU )  
assay (15). T h e  m ice  w e re  sacrificed  and b on e m arro w  ce lls w ere  
extracted from  the fem urs. B o n e  m arrow  ce lls  w e re  resu sp en d ed  
in  a sem iso lid  cu lture  m ed ium  (a lph a  M EM  co n ta in ing  15% b o v in e  
serum , antib iotics, and  0.35%  agarose) an d  p lated  onto 35-m m  
plastic gridded d ish es co n ta in ing  recom binant m u rin e  granulo
cyte-m acrophage co lony-stim ulating factor (rM u G M -C SF). After 
seven  d ays o f in cu b atio n  (37°C ; 7%  C O ,)  co lo n ies  co n ta in ing  50 or 
m ore ce lls w ere  enum erated .

Results
F igure 2 presents the averaged results o f tw o  identica l e x p eri
m ents. Periph era l W B C  co unt is plotted against the tim e of IFN  
adm inistration. It is ev ident that in jection  o f control m ice  w ith  B SA /  
P BS at vario us H A L O  h ad  n o  significant differential effect o n  the  
p eripheral W B C  counts. Furtherm ore , the data sh o w  that the

Interferon in jection  T im e (HALO )

Fig. 1. C ircadiati rhythmicity in  the antitum or effect o f  rHuIFN- 
a lp h a  A/D a n d  rMuIFN-gamma. M ice kept in a  LD 12 : 12 cycle 
w ere inocu lated  intraperitoneally with 1CFB16 m elanom a cells a t  
6  d ifferent tim e points in the c ircad ian  cycle. Beginning exactly 24  
hrs a fter tum or cell inoculation, m ice w ere given intraperitoneal 
injections o f  either IFN or BSA/PBS. Treatments were given f o r  5  
days. The m ice were m onitored f o r  day  o f  death. The results a re  
plotted  a s  percen t increased  life span  versus the time o f  treatment. 
P an el A: Results observed f o r  treatm ent with rHuIFN-alpha A/D 
(10 ,000  U/day). P anel B: Results observed f o r  treatm ent with 
rMuIFN-gamma (2 ,000 U/day). E ach  data  po in t represents the 
m ean  ± SE o f  the average d ay  o f  death  fr o m  three experiments.

E
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Period of Darkness

Fig . 2. C hronobiological effect o f  rHuIFN-alpha A/D a n d  rMuIFN- 
g am m a on  p eriphera l WBC counts. M ice kept in aL D  1 2 :1 2  cycle 
w ere in jected subcutaneously with either IFN or BSA/PBS at 6  
different tim e poin ts in the c ircad ian  cycle. The m ice ivere b led  on  
d ay  5  a fter 4  days o f  treatment. The num ber o f  periphera l WBCs 
w as counted  in a  hem acytom eter. The results a re  p lotted  as 
p er ip h era l WBC count versus the tune o f  treatment. P anel A: Results 
observed f o r  treatm ent with rHuIFN-alpha A/D (4 ,000  U/day). 
P an el B: Results observed f o r  treatm ent with rMuIFN-gamma (500  
U/day). E ach d ata  po in t represents the m ean  ± SE o f  WBC counts 

fr o m  two experiments.



p eriph era l W B C  su pp ressive  effect o f rH u IFN -a lp h a  A /D  (P a n e l A )  
and rM uIFN -gam m a (P ane l B )  varied  w ith  the tim e o f  the IF N  
treatment. T h e  treatment w ith  rH u IFN -a lp h a  A /D  at 8 H A L O  had  
very  little p eripheral W B C -su p p re ss iv e  effect, w ith  W B C  co u nts at 
94%  of the va lu e  ob served  for control m ice. In  contrast, the 
treatm ent at 0 H A L O  had  the greatest periph era l W B C -su p p re ss iv e  
effect, w ith  W B C  counts at 67%  o f the va lu e  ob served  for control 
m ice . Treatm ent w ith  rM uIFN -gam m a at 12 H A L O  an d  16 H A L O  
h a d  no  o r v e ry  little p eriph era l W B C -su p p re ssiv e  effect, w ith  W B C  
counts at 101% and 99%  o f the va lu e  ob served  for contro l m ice  
respectively . In  contrast the treatm ent w ith  rM uIFN -gam m a at 4 
H A L O  h a d  the greatest p eriph era l W B C -su p p re ss iv e  effect, w ith  
W B C  co u nts at 70%  o f  the v a lu e  for control m ice.
U sin g  the G M -C FU  assay, b o n e  m arrow  function  w a s a lso  sh o w n  
to be d ifferentially  su p p ressed  b y  treatm ent w ith  rH u IFN -a lp h a  
A /D  and rM uIFN -gam m a in  a m an ner parallel to that se en  w ith  
p eriph era l W B C s  (data not sh o w n ). B o n e  m arrow  ce lls  from  m ice  
treated w ith  rH u IFN -a lp h a  A /D  at 0 H A L O  (the tim e o f m ax im um  
reduction  o f the p eriph era l W B C  count) sh o w ed  an  average o f 39%  
su p p ress io n  in  the n um b er o f  g ranulocyte/m acrop hag e co lo n ies  
d eve lo p in g  for each  o f the vario us concentrations o f rM u G M -C SF  
em p loyed . In  contrast, the resp o n siven ess o f  b on e m arro w  ce lls  
from  m ice  treated w ith  rH u IFN -a lp ha  A /D  at 8 H A L O  (the tim e of  
m in im um  reduction  o f  tire periph era l W B C  count) w a s not 
significantly  different from  that o f the control m ice  treated w ith  
B S A /P B S  (an  average o f 5% su p p ress io n ). B o ne m arrow  ce lls  from  
m ice treated w ith  rM uIFN -gam m a at 4 H A LO  (the tim e of m ax i
m u m  reduction  o f the periph era l W B C  count) sh o w e d  an  average  
o f 48%  su p p ressio n  in  the n u m b er o f granulo cyte/m acrop hag e  
co lo n ies  d eve lop ing  in  the p re sen ce  o f rM uG M -CSF. In  contrast, 
the resp o n siven ess o f b on e m arrow  ce lls  from  m ice  treated w ith  
rM uIFN -gam m a at 14 F IA LO  (the tim e o f m in im um  red uctio n  o f the 
p eriph era l W B C  count) w a s sim ilar to or h ig her than that o f  control 
m ice (an  average o f -8%  su p p ress io n ). T h u s, the variation  in  
p erip h era l W B C  counts seen  at different H A L O  w a s  reflective o f  
a differential effect on  the b o n e  m arrow  an d  w as not just d u e  to 
a n  alteration in  ce ll trafficking.

Discussion and conclusions
N um erou s ch ro nob io log ical stud ies have sh o w n  that the efficacy  
an d  toxicity o f different antineoplastic drugs are se lective ly  
in flu en ced  b y  the tim e o f  their adm inistration (for a recent rev ie w  
se e  16). A  grow ing am ount o f ev id e n ce  indicates that IF N s, w h ich  
are  a part o f  body's natural defen ce  system  w ith  substantial 
therapeutic potential, a lso  exhib it a tim e-dependent variations in  
their activity (7—14).
O u r  stud ies, using a m urine m odel system , and em p lo y in g  tw o IFN  
types (a lp h a  and gam m a) have sh o w n  that the IFN -in d u ced  
antitum or activity and m yelo su p p ressive  activity va ry  in  their 
in tensity in  a cyc lica l m anner. H o w ever, the tim es w h e n  the tw o  
IF N s  exerted  their m axim um  and m in im um  antitum or as w e ll as 
m yelo su p p ressive  effects d iffered greatly, w h ich  ind icates that the 
tw o  IF N s p ro bab ly  exert their activity v ia  different m echan ism s. 
Su ch  differences co u ld  o ccu r at m an y  levels, in clu d in g  c ircad ian-  
dep end en t d ifferences in  p harm acokinetics, tum or b lo o d  flow , 
tum or resp on siven ess, and  host im m u ne resp o n siven ess. It is a lso  
p o ssib le  that the tw o IF N s b lo ck  tum or ce ll and  b o n e  m a rro w  ce ll 
d iv is io n  at different stages o f the ce ll cycle .
T a b le  1 sh o w s the in jection  tim es asso ciated  w ith  m ax im um  and  
m in im um  antitum or activity as w e ll as m axim um  an d  m in im um  
m yelo su p p ressive  activity o f both IFN s. It is  ev ident that the tim e  
o f m in im um  m yelo su p p ressive  activity o f rH u IFN -a lp h a  A /D  w as  
at 8 H A LO , w h ile  the tim e of m ax im um  antitum or activity w a s  at

Tab. 1. Com parison o f  circad ian -depen den t antitum or a n d  my
elosuppressive activities o f  IFNs.

Hours after light onset

Treatment Myelosuppressive activity Antitumor activity

Maximum Minimum Maximum Minimum

rHuIFN-alpha A/D 0 8 0-4 12-16
rMuIFN-gamma 4 14 16 0-8

4 H A LO . T h e  tim e o f m in im um  m y elo su p p ressiv e  activity o f  
rM uIFN -gam m a w a s at 14 H A L O , w h ile  the tim e o f m axim um  
antitum or activ ity  w a s  at 16 H A L O . T h e se  results indicate that 
adm inistration o f  rH u IFN -a lp h a  A /D  at about 6 H A L O  an d  o f  
rM uIFN -gam m a at about 15 H A L O  w o u ld  p ro vid e  the h ighest  
therapeutic in d e x  for the antitum or activity o f  both  IF N s in  m ice . 
It is im portant to confirm  these stud ies for other tum ors in  the  
m o use system .
It is difficult to extrapolate the results from  the m u rin e  to the  
h u m an  system . H o w ev er, if  w e  assu m e the d iu rna l habits o f  
hu m an s (16  h  a w a k e  : 8 h s lee p  sch e d u le  w ith  the sleep  p erio d  
from  11 PM  to 7 A M ) versus the n octu rn a l hab its o f m ice  (12 h  
a w a ke  : 12 h  s lee p  sch ed u le  w ith  the s leep  p erio d  from  0 H A L O  
to 12 H A LO ), the best tim e to adm in ister rH u IFN -a lp h a  w o u ld  b e  
at about 3 A M  an d  the best tim e to adm in ister rM uIFN -gam m a  
w o u ld  be at about 11 AM .
T h e  results o f these stud ies support the co n cep t that adm inistration  
of IF N s at sp ec ifica lly  determ ined  tim e p oints in  the circad ian  cy c le  
m ay red uce the sid e effects and in crease  the e fficacy  o f IFN s in  m an.
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A b stract—B a ck g ro u n d . The experim ents w ere p er form ed  to study 
the induction, partia lpu rifica tion  a n d  antigen ic analysis o f  PoIFN  
G am m a, a s  well a s  to p rep are  the potentially clin ically  u sefu lform  

f o r  in vivo experiments.

M ethods. P orcine bu ffy-coat w as resuspended in  the Eagle's m ed i
um in concentration  o f  lCT-lCP cells/ml. The induction  was 
per form ed  by theLCL (Lens cu linaris lectin) in concentration  o f  2 5  
ptg/ml. PoIFN G am m a was partially  pu rified  by the adsorption / 
elution on the w ater glass, a n d  than fu rth er  on  with the colum n  
chrom atography on  the CPG (con trolpore glass). The IFN obta in ed  
w as characterized  through the fo llow ing tests: antiviral/antiproli- 
fera tiv e  activity, stability a t  p H  2 .0  a n d  56°C, protein  content, 
serological tests a n d  A garose g el electrophoresis.

Results. Using the LCL as inducer, abou t 3 6 ,000  units o f  the 
antiproliferative activity/ml o f  PoIFN G am m a w ere obtained. 
Through the adsorbtion/elution  techn ique on  the w ater glass, the 

purification  degree between  7 a n d  10 times w as fo u n d . This was 
en larged  100 times a fter  a n  chrom atography/rechrom atography  
on  the CPG (control p o re  glass). The agarose gel electrophoretic 
profile  shoivs that the most o f  the interferon activity can  b e  fo u n d  
in the A lpha-2 like fraction . The results o f  the serological analysis 
shows that the cross reactivity between the PoIFN G am m a a n d  
HuIFN A lpha but not with HuIFN G am m a can  b e  fou n d .

C o n c lu s io n s . The studied  PoIFN G am m a shows the cross reactivity 
with HuIFN A lpha a s  well a s  with its natural subtype A lpha 2. 
Further experim ents with p u rified  PoIFN G am m a together with C- 
term inal sequ en ce com parison  a re  expected  to show  the rea l level 
o f  sim ilarity between the P orcine a n d  H um an IFNs.

Introduction
S im ilar interferon system s as in  h u m an  ca n  b e  fou n d  in  other 
an im al sp ec ie s  as: m o u se , rat, ho rse , b o v in e , p ig, m o n k ey  etc. 
A m o n g  others, p o rc in e  in terferons (P o IFN s) b e ca m e  the su bject of  
interest (1, 2) b e ca u se  o f the re lative ly  h igh an tig en ic sim ilarity  
b etw een  p o rc in e  a n d  hum an. T h e  sim ilarity  b e tw e en  the H u  and  
P o IFN s is about 78 .5%  (at n ucleotide  lev e l) (3 ) in  ca se  o f A lp ha .

K lju čne besede: prašičji interferon; hu m an i interferon; p re-  
p a ra c ija ; pirrifikacija; karakterizacija

Izv leček —Izh o d išča . P reučevanje indukcije, delnega č iščen ja  in 
antigenske an a liz e  p rašičjega im unskega interferona ter njegova  
p rim erjava  s hu m an im i interferoni in njihovim i naravn im i p o d 
tipi.

M e to d e . Prašičjo levkom aso sm o resuspendirali vEaglovem  gojišču  
v koncen traciji lCT-lCP celic/m l in inducirali IP N z dodatkom  2 5  
pg/m l lektina LCL (Lens cu linaris lectin). D elno čiščenje sm o vršili 
s pom oč jo  adsorpcije/elucije n a  vodnem  steklu, in nato  v n a d a 
ljevanju s kolonsko krom atografijo n a porozn em  steklu. D obljen  
in terferonskipreparat sm o ovrednotili s p om oč jo  naslednjih  testov: 
meritve protivirusne in proticelične aktivnosti, stabilnosti p r i  p H
2 ,0  in 56°C, vsebnosti beljakovin, seroloških testov in elektro- 
fo retsk eg ap ro fila  v agarozn em  gelu.

Rezultati. Največje količin e im unskega interferona dob im o s p o 
m očjo LCL kot induktorja, p r i čem er dobim o prib ližn o 3 6 .0 0 0  enot 
proticelične aktivnosti/ml. Z uporabo m etode adsorpcije/elucije  
n a vodnem  steklu interferon očistim o 7-10-krat. Z n adaljn jo  
krom atografijo in rekrom atografijo n a porozn em  steklu p a  še 
100- krat. Elektroforetski p ro fil kaže, d a  večino in terferona d o 
bim o v A lfa-2 p o d o b n i frakc iji. Serološke an a liz e  p o k a ž e jo  so
rodnost s hu m an im  levkocitnim  interferonom , ne p a  s hum an im  
im unskim.

Zaključki. D obljen interferonski p rep ara t k a ž e  sorodnost s  hu 
m anim  levkocitnim  interferonom  oz. z  njegovim naravn im  p od ti
p om  A lfa 2. Z izpopoln jeno m etodo čiščen ja in sekvencion iran ja  
praš ič jega  im unskega in terferona bo m ožn a prim erjava s hu
m an im  interferonom .

W h e n  G a m m a  IFN s w ere  co m p a re d  (rP o IFN  G a m m a/rH u IF N  
G a m m a), the h o m o lo g y  w a s  estim ated at 58%  (4).
O n ly  recently  w h e n  from  both P o IFN s (A lp h a  and G a m m a) the 
reco m b in an t form s b ecam e ava ilab le , the lo w  clin ica l u sefu lness  
in  vete rin ary  c lin ics  w a s ob served , even  if  the h igh  d o ses w e re  
ad m in istered  to the an im als. W h e n  the natural (n on reco m b in an t)  
form s o f  IFN s w ith  ap p ro x im ate ly  ten tim es lo w er d o ses w e re  
u sed , better c lin ica l effects w ere  ach ieved . S im ilar resu lts w e re
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Molecular Biology Pl-5064-0381-93; Pl-5064-0381-94)



ob ta ined  w h e n  H u IF N s w ere  u sed  in  clin ics . Further m ore , in  cases  
w h e n  m illion-un it dosages o f  rIF N s w e re  u se d  o n  long-term  
treatm ent o f can ce r patients neutra lising  antibod ies arose  in  
patients' sera.
W ith  n e w  exp erim ental data it b eco m es m ore a n d  m o re  ev ident  
that for go od  c lin ica l resu lts in  an im als and a lso  in  h u m an s the  
natural form  o f IFN s sh o u ld  be u sed  (5, 6).
A n tiv ira l an d  antipro liferative/antitum or activity ca n  be en h a n ce d  
b y  A lp h a/G am m a co m b inations in  the p o rc in e  system  (7, 8). 
E sp e c ia lly  in the case o f the antipro liferative activity, the syn erg ism  
b etw een  H u IF N s A lp h a  an d  P o IF N  G am m a w a s o b served , w h e n  
these w e re  m ixed  in  the ratio o f  500 A V  units o f H u A lp h a  an d  100 
A V  units o f P oG am m a. S u ch  data p o int out the p o ssib le  c lin ica l 
exp lo itatio n  o f natural P o IFN s form s (A lp h a /G a m m a ) in  h u m an  
an d  ve terinary  m ed icin e , e v en  though the im portance o f po ssib le  
antigen ic d ifferences sh o u ld  b e  taken  into account.
T h e  exp erim en ts presented  w e re  p erform ed  to study the in d u c
tion, partial purification  an d  antigenic an a lysis o f the P o IFN  
G am m a, as w e ll as to p rep are  the potentia lly  c lin ica lly  u sefu l form  
for the in  v iv o  exp erim en ts in  the pigs.

Materials and m ethods
Blood co llection  and buffy-coat preparation

P o rcin e  b lo o d  w a s co llected  asep tica lly  into sterile flasks co n ta in 
ing citrate (3 .8%  o f Sod ium  citrate) to p revent coagulation . After 
sed im enting  the erythrocites, the buffy-coat w a s  separated  by  
in trod ucing  the 30%  sacharo se . T h e  u p p er part co n ta in ing  the 
buffy-coat and p lasm a w a s centrifug ed for 20 m inutes at 2500 RPM  
(Rotation  p er m inutes). T h e  sed im en ted  buffy-coat w a s  w a sh e d  
tw ice  w ith  sa line an d  fina lly  resu sp en d e d  in  the Eag le's m ed iu m  
co n ta in ing  4%  o f p o rc in e  p lasm a a n d  antib iotics.

Cultivation and in terferon  induction

P o rcin e  buffy-coat w a s resu sp en d e d  in  the Eag le's m ed iu m  
co n ta in ing  4%  o f the h o m olo go us p lasm a an d  antib iotics in  a 
co n cen tration  o f 107-1 0 8 ce lls/m l. In d u ctio n  w a s p erfo rm ed  b y  
add itio n  o f  L C L  (Len s cu lin aris  lectin ) in  a co ncentration  o f 25 pg/  
m l (9 ,10). After three days o f  cu ltivation  on  sp in n er f la sk  o f the  
vo lu m e  o f  2000 m l (37°C , 120-140 RPM ) ce lls  w e re  sed im en ted  by  
centrifugation  at 2500 RPM  for 20 m inutes. T h e  su pernatant  
ob ta ined  w a s u sed  for further p urification  an d  an a lyses. T h e  
rem ain ing  sed im ent (ce lls )  w a s  d iscarded .

Partial purification o f  PoIFN Gamm a

In terfero n  w a s iso lated  from  the supernatant as fo llo w s: to 100 ml 
o f IFN -co n ta in ing  supernatant, 2g o f au to claved  S i0 2 (w a te r g lass) 
w e re  ad d ed  an d  in cubated  overn ight at +4°C. O n  the n ext day , the 
su sp en sio n  w a s centrifuged at 2500 RPM  for 30 m in utes to 
sed im en t the w ater glass. T h e  sed im en ted  w ater g lass w a s  
resu sp en d e d  in  the 1/8 o f o rig ina l vo lu m e o f the m ixture o f  50%  
m o no ethy len e-g lyco le  in  1.4 m M  N a C l to elute interferon. A fter 2 
ho u rs the w ater g lass w a s sed im en ted  b y  centrifugation  (2500  
RPM /30 m inutes) and the sam e p ro ced u re  in 1/16 o f  the orig inal 
v o lu m e  o f  the m ixture d escrib ed  a b o ve  w as repeated. B o th  eluates  
w e re  m ix ed  w ith  0 .1%  o f F C S  (foetal ca lf  seru m ) an d  d ya lised  
against d istilled  w ater.

CPG chrom atography

In terferon  obtained  after the b atch  purification  w a s  further 
p urified  b y  C P G  (co n tro l-pore-g lass) (S igm a) as fo llo w s: T h e  
co lu m n s (5 cm  in  d iam eter/30cm  in  lenght) w ere  filled  w ith  the  
C P G  in  T ris-N aC l, p H  6.8. A fter the overn ight eq uilib ration , the 
IF N  sam p les w ere  put into the co lu m n  an d  the e lu tio n  w as  
p erform ed  w ith  the sam e buffer (p H  = 8 .6). T h e  fractions (5m l)

w ere  co llected  and tested for: p ro te in  content, antiv iral an d  
antipro liferative activity.

M easurem ent o f  antiviral/antiproliferative activity

E a c h  o f the sam p les o f  IF N  w a s tested fo r antiv iral (A V ) activity b y  
50%  cytop athog en ic in h ib ition  assay  o n  F L  ce lls  w ith  H SV 1  
(H erp e s sim p lex  v iru s type 1) as ch a llen g e  viru s (11). H u IF N  A lp h a  
(Institute for Im m u n olo g y, Z agreb , C roatia  a n d  E G IS , B u d ap est, 
H u n g ary) at 1,000 A V  units/m l w a s  u sed  as a standard. C e ll g ro w th  
in h ib ition  a ssay  w as p erform ed  o n  F L  an d  H E F  ce lls (12). G I/ C  
(G ro w th  in d ex/C o n tro l) in  %  w a s  ca lcu la ted  from  a lin e  generated  
b y  do se  resp o n se  cu rve  for H u A lp h a  a n d  P o G am m a.

Stability tests

T o  determ ine the nature o f IFN s, sa m p les w e re  ex p o se d  to p H  2.0  
an d  heating at 56°C  for 20 m inutes. T h e  antiv ira l/antipro liferative  
activity w a s determ ined  b efore an d  after the treatment.

P rotein  con ten t

In  each  sam p le, the quantity o f the p rote ins w a s  determ ined  b y  a  
m o dified  Lo w ry  m ethod (14).

Agarose gel electrop horesis

T o  test the p urity  o f  interferons, the agarose gel e lectro ph oresis in  
V ero n a l buffer, p H  8.6/200 V  for 1 ho ur, w a s  perform ed . After 
com pleting  the electro p h o resis the gels w e re  sta ined  w ith  C o o m -  
assie  brilliant b lu e  R-250 an d  desta ined  in  the m ixture o f m e-  
thanohacetic ac id :w ater (1 :2 :1). T h e  g e l w a s then  dried  an d  
photographed.

Serological analyses

T o  determ ine se ro log ica l s im ilarities/d ifferen ces b etw een  P o IF N  
G am m a and H u IF N s, the “constant m eth o d ” (13) w as u sed  as  
fo llo w s: to the F L  ce lls  in  the m icrotiter p lates, first a constant 
d illu tion  o f antiserum  w a s added , an d  then  tw o-fo ld  d illu tion s o f  
IF N s w ith  the v iru s (H SV 1 ). In  p aralle l, a s im p le  IF N  titration w a s  
perform ed . T h e  neutra lisation  in d ex  (N I) w a s  ca lcu lated  as fo l
low s:

N I = log3 (A n tiserum  + In terfero n ) -  Iog3(Interferon)

Results
In terfero n  induction

A cco rd in g  to o u r p rev io u s data (9), the b est y ie ld  o f IF N  co u ld  be  
ob tained  w h e n  L C L  (Le n s cu lin aris lectin ) in  a co n cen tration  o f  25 
ug/m l w a s u sed  as in d u cer. T h e  averag e titer o f 36.000 A P  u n its/  
m l co u ld  be obtained . After co m p arin g  the A V /A P  ratio b etw een  
H E F  an d  F L  ce lls  (Tab . 1), it w a s estab lished  that in  p o rc in e  system  
1 A V  (antiv iral u n it) co rresp o n d s to 10 A P  (antipro liferative units). 
In  h u m an  system , 1 A V  unit co rresp o n d s to ap p ro x im ate ly  20 A P

Tab . 1. AP (antiproliferative) units o f 1 ,0 0 0 AV (antiviral) units o f  
p orc in e  mitogen in du ced  interferon (PoIFN G am m a) a n d  HuIFN

Alpha.

AP units on

1,000 AV units of HEF1 FL2
PoIFN Gamma 10,500 10,000
HuIFN Alpha 18,000 20,000

1 HEF = Human embryonal fibroblasts (Nontransformed)
2 FL = Human amniotic cell line (Transformed)



units. B a se d  o n  the a b o ve  data, the antipro liferative (A P ) units  
w ere  defined  as the quantity o f IF N  cau sin g  the 50%  in h ib ition  o f  
the G I/C  either o n  F L  o r H E F  cells.

Partial purification o f PoIFN Gamma

T h e  data ob tained  (T a b . 2) sh o w  that the batch purification  
m ethod is sim p le  a n d  effective. F irst o f all, it is a s in g le  step w ith  
the degree o f  p urification  b etw een  7 an d  10 tim es. T h ro u g h  the  
batch purification  the b u lk  o f prote in  im purities w e re  rem o ved , so  
that after the add itional step o f C P G  ch ro m ato grap hy alm ost pure  
IF N  preparations co u ld  be obtained w itho u t se rio us loss o f  
b io log ica l activity (antiv iral/antipro liferative).

Tab . 2. Si02 (W ater glass) purification  o f  PoIFN G am m a.

Step Volume
(ml)

IFN Protein
Spec.
act.3

Degree 
of purif.4AP/ml1 Tot2 mg/ml Tot.

Crude5 1000 8 A46 8.44 5.63 5360 1500 0
Final I7 125 9.99 1.25 0.73 91.0 11639.3 7.76
Final II8 125 13.40 1.66 0.73 91.0 15466.3 10.30

1 AP/ml = Antiproliferative units/ml
2 Total AP units x 106
3 Specific activity = AP units/mg of proteins

Specific activity of final I
4 Degree of purification for final I = ------- ---------------- ----------------

Specific activity of crude

Specific activity of final II
Degree of purification for final II = ----------------------- ------- ----------

Specific activity of crude

5 IFN containing supernatant
6 IFN containing supernatant
7 Final I = first eluate from SiO,
8 Final II = Second eluate from S i02

Column chrom atography

C P G  ch ro m ato grap hy w a s perform ed in  tw o steps: Chrom atogra
p hy  and rechro m atog rap hy (Fig . 1, Fig. 2). C hro m ato graph ic  
profile sh o w s, that the m ost o f the active IF N s m o le cu le  can  be  
found b etw een  fractions 30 an d  60. T h e  b u lk  o f im p urities (other  
prote ins) w e re  in  fractions 15-29- W h en  the active fractions (3 0 -  
60) from  the ch ro m ato grap hy w ere  co llected  and co n centrated  on  
A m ico n  YM -10 an d  rechrom atographed on  the sam e co lum n, 
n early  all im purities w e re  rem oved . T h e  average red uctio n  o f non- 
IF N  prote ins from  2.8 m g/m l in  chrom atography to 0.06 m g/m l in  
rechrom atography w a s found.

Fig . 2. Rechrom atography o f  porc in e interferon gam m a (PoIFN  
G am m a) on  CPG (control p o re  glass).

Agarose electrophoresis

IF N  sam p les w e re  put onto the e lectro ph oresis in  the A g arose  gel 
(F ig . 3). C o m p ariso n  o f the data obtained  sh o w s that m ost o f the  
IFN 's activity (A V /A P ) ca n  b e  fou n d  in  the A lp h a  2-like fraction  
( in  co m p ariso n  w ith  the im m u no g lo b u lin e  e lectro phoretic p rofile  
o n  the A g arose e lectro ph oresis).

m gpro t/m l

Á. i1A/'\ln

AP/mgprot.x10^ pitI)
10 20 30 40 50 60

FRACTIONS
Fig. 1. CPG (control p o r e  glass) chrom atography o f  p orc in e inter

fe r o n  gam m a (PoIFN G am m a).

Fig. 3. Agarose g e l electrophoresis o f  porc in e interferon gam m a  
(PoIFN G am m a) a t  different level o f  CPG (control p o re  glass) 

purification .

Serological analysis

T h e  results o f the sero log ica l an a ly ses (Tab . 3 ) sh o w  the sim ilarity  
(cro ss reactivity) b etw een  P o IF N  G am m a and H u IF N  A lp h a  (NI=  
-  1 .15), as w e ll as w ith  H u IF N  A lp h a  2 (N I=  -  0.29).

Tab . 3- Some characteristics o f  PoIFN G am m a (porcine mitogen 
in du ced  interferon) in com parison  to PoIFN Alpha a n d  HuIFNs 

A lpha a n d  G am m a.

IFN type: pH 2.0

Reaction with Anti"1

56° Po-
Gamma

NI

Hu-
Gamma

NI

Hu-
Alpha

NI

Hu-
Alpha 1 

NI

Hu-
Alpha 2 

NI

PoIFN-Gamma Stable Stable -1.15 0 -1.94 0 -0.29
PoIFN-Alpha Labile Labile 0 0 -2.43 0 -0.53
HuIFN-Gamma Labile Labile 0 -0.98 0 0 0
HuIFN-Alpha Stable Stable -0.96 0 -2.85 -2.00 -1.60

1 NI = (Neutralisation index)
log, (IFN titre + antiserum) — log3 (IFN titre)



Discussion
T h e  data obtained throughout the experim ents sh o w  that the 
m ethod d eve lop ed  here in  g ives the final product (P o IFN  G am m a), 
w h ich  can  be further tested b y  the in  v iv o  experim ents w ith  pigs. 
C o m p ariso n  o f the P o IFN  G am m a w ith  other p o rcin e  IF N s (A lpha, 
SP1) sh o w  the difference in  the antigenic properties. T h e re  is no  
cross-reactiv ity b etw een  them . W h e n  therm al stability a n d  p H  2.0  
resistance o f P o IFN s on com p ared , A lp ha  an d  SP1 are  lab ile , 
w h erea s G am m a is stable lik e  H u IF N  A lp ha . T h e  antigenic  
sim ilarity b etw een  Po and H u IF N s w a s stud ied  on  m ice  (13). 
P irogenic ity  tests on  rabbits (15) sh o w ed  the p icture sim ilar to the  
H u IF N  A lpha. Chrom atograph ic data o n  C P G  sh o w  the co 
m igration o f the fractions g iv ing  the antiviral an d  antipro liferative  
activity (F ig . 4). A  m o lecu lar heterogenicity  o f P o IF N  G am m a, 
sim ilar to that describ ed  for H u IF N  G am m a (16), w a s  suggested  in  
W estern  blots o f  purified n P o IF N  G am m a (17), even  they are 
an tig en ically  different.
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Fig. 4. Comparison between chrom atographic pro file  o f  crude  
PoIFN G am m a profile a n d  rechrom atography o f  biologically active 

fraction s on  the CPG column.

A s for the induction  w ith  LC L , the y ie ld  is m u ch  h ig h er after 
in du ction  w ith  the com bination  o f PM A -PH A  (16). T h e  d e ve lo p ed  
p urification  m ethod can  b e  s im p ly  enlarged. W h en  C P G  chro-  
m atography/re-chrom atography is co m p ared  to Co n A /Sep h aro se , 
the IFN 's b ind ing  is stronger o n  C P G  than o n  Co nA , w h ic h  suggests 
better output.

Sim ultaneously , w e  fou n d  (data n ot sh o w n ) that P o IFN  G am m a  
can  be su ccessfu lly  u sed  in  hu m an s for treating herpetic infections  
(H erp e s lab ia lis) w itho ut an y  sid e  effects. T h is  suggests that the  
antigenic sim ilarity  b etw een  the p ig  and h u m an  is h igh enoug h, 
that P o IFN  G am m a ca n  be u sed  in  hum ans.
In  future exp erim en ts w ith  chro m ato focusing  an d  H P L C  ch ro m a
tography, the purity  leve l that is n ece ssa ry  for am ino acid  
sequ en cin g  and m o lecu lar ch aracterisation  o f P o IFN  G am m a  
sho u ld  be a ch ieved , an d  w ith  a ll these data the final co m p ariso n  
of the sim ilarity  b etw een  P o IFN  G am m a an d  H u IF N  A lp h a  (A lp h a
2) sh o u ld  be p ossib le .
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Abstract -  Background. Cytokines m odulate an d/or m ediate 
m any essential biological processes, particularly those involved in 
cell growth, activation an d  differentiation. Although tum or necro
sis fa c to r  (TNF) was originally discovered as a  m olecule with 
antitum or activity, it has recently been recognized fo r  its pleiotro- 
p ic  function  in the cytokine network. TNF is an  im portant m ediator 
o f im m une response an d  inflam m ation. It is also selectively cyto
toxic to som e m alignant cells in vitro, but this property does not 
always correlate with its antitum or activity in vivo. M any tumors 
are sensitive in vivo to TNF treatment, although their tum or cells are  
in vitro TNF resistant. This indicates that TNF antitum or effects in 
vivo are host-m ediated, via effects on tum or vasculature an d  
stim ulation o f  specific host im m une antitum or response. Although 
TNF was dem onstrated to be effective on solid tumors in an im al 
models, results o f  clin ical trials were disappointing. Very few  
objective tumor responses were recorded, with severe adverse effects 
after intravenous TNF treatment. In order to increase therapeutic 
index, TNF was tested in com bination with other treatm ent m odal
ities. In most com binations, TNF has proved to act synergistically. 
Com binations with other cytokines, such as interferons, IL-2, 
topoisom eraze targeted chem otherapeutics, radiotherapy, electro
therapy, an d  hypertherm ia were also tested. Perspectives o f  TNF 
applications seem  to be in local TNF treatment, aim ed  to increase 
its antitum or effectiveness an d  decrease side effects.

Conclusions. Additionally, most o f  these com bined m odality treat
ments require clin ical testing. These directions m ay path  the way 

fo r  TNF into broader clin ical use.

Introduction
At the end of the 18th century, physicians observed regressions of 
the tumors in patients who had been through a severe infection. 
These observations led William B. Coley to experimentation with 
Gram-negative and Gram-positive bacteria preparations (Coley’s 
toxins) in the treatment of a variety of cancer patients. Although 
this first attempt to use biological response modifier has to be seen 
in the context of that time, his well-documented cases of successful 
treatment of cancer patients are very impressive (1). This clinical 
testing led to fundamental, well-controlled research in animal 
systems. It was recognized that lipopolysacharides of bacterial cell

Ključne besede: tumorski nekrozni faktor; radiacijska terapija; 
kem oterapija

Izvleček — Izhodišča. Citokini vplivajo na mnoge biološke procese 
v organizm u, posebno na tiste, k i so udeleženi pri regulaciji rasti, 
aktivaciji in diferenciaciji celic. Tumorski nekrozni fa k to r  (TNF) je  
b il prvotno odkrit kot m olekula s protitum orsko aktivnostjo. V 
zadnjem  času p a  je  vse pom em bnejša njegova im unoregulatom a 
vloga v m reži citokinov. TNF je  pom em ben m ediatorpri imunskem  
odzivu in p ri vnetnih reakcijah. Čeprav je  selektivno citotoksičen  
z a  nekatere tum orske celice in vitro, ta njegova lastnost ni vedno 
izražen a v protitum orski aktivnosti in vivo. Mnogi tum orji se 
odzivajo na zdravljenje s TNF, čeprav so njihove tumorske celice in 
vitro rezistentne na TNF. To nakazuje, da v organizm u TNF deluje 
predvsem  posredno, z  delovanjem  na vaskulaturo tum orja in 
spodbujanjem  im unskega odziva organizm a. Čeprav je  TNF zelo  
uspešen v protitum orskem  delovanju na solidne tumorje eksperi
m entalnih živali, so rezultati kliničnih študij razočarali. Zelo 
m alo je  bilo objektivnih odgovorov na sistemsko terapijo s TNF, ki 
so jo  sprem ljali hudi stranski učinki. Da bi izboljšali terapevtski 
indeks, j e  bilo narejenih več študij, kjer so kom binirali TNF z  
drugim i uveljavljenim i terapevtskim i pristopi. Pri mnogih kom bi
n acijah  je  bil dokazan  sinergističen protitum orski učinek. Znane 
so kom bin irane terapije z  drugim i citokini, topoizom erazno us
m erjenim i kem oterapevtiki, radioterapijo, elektroterapijo in hiper- 
termijo. Preizkuša se tudi lokalno zdravljenje s TNF, z  nam enom , 
d a  bi ohran ili protitum orski učinek in zm anjšali stranske učinke.

Zaključki. Večina naštetih kom biniranih terapij še n i b ila p re
izkušena v kliniki, vendar je  verjetno ravno v tem in v lokalnem  
zdravljenju perspektiva uporabe TNF v klin ični praksi.

walls, the so-called endotoxin, represent the active principle 
responsible for the regression of tumors. In 1975, Lloyd Old and 
co-workers demonstrated that endotoxin by itself was not directly 
involved in antitumor effects, but that it caused the induction of a 
factor in the serum of animals, which in turn was responsible for 
tumor necrosis (2). The factor was named tumor necrosis factor, 
or TNF. The biological activity of this factor can be determined at 
in vivo and in vitro levels. Application of TNF-containing serum in 
mice with transplantable, methylcholanthrene-induced fibrosar
coma leads to rapid hemorrhagic necrosis of the tumors (2). In 
vitro it was shown that TNF-containing serum was selectively 
cytotoxic to a number of malignant cells (2, 3). Further studies



indicated that TNF is produced primarily by macrophages (4). 
Later it was shown that not only macrophages, but also lympho
cytes were able to synthesize TNF. This TNF synthesized by 
lymphocytes was named lymphotoxin. The relationship between 
TNF and lymphotoxin was not clear until both proteins were 
purified to homogeneity, primary structure determined, and their 
cDNA’s isolated and expressed (5). These studies revealed similar
ities in the proteins and genes of the two molecules. The biological 
activities of the two molecules were found to be similar, and 
therefore the names TNF-a and TNF-|3 were applied to the 
monocyte and lymphocyte derived proteins, respectively.

TNF molecule
The TNF-a and TNF-P genes are single copy genes, closely linked 
within the cluster of major histocompatibility complex (MHC) 
genes. They are located on the short arm of human chromosome 
6 (6) and murine chromosome 17 (7). The TNF-P gene is always 
5' to the TNF-a genes in all the species examined so far (8). Genes 
for both TNF-a and TNF-P are each 3 kB long and consist of four 
exons and three introns (8). These similarities strongly suggest that 
the two genes have been derived from a common ancestral gene 
by gene duplication. More similarities were found in the region 
coding for mature protein (80-89%) than in the elements that code 
for the regulation and transcription (9).
The human TNF-a cDNA gene codes for a mature polypeptides of 
157 amino acids, preceded by a 76 amino acid long pre-sequence
(10) . This pre-sequence is strongly conserved among different 
species, which indicates a specific, if not essential function (11). 
TNF-a molecule can exist also in unprocessed, membrane-bound 
form (12). There is evidence that this long pre-sequence serves to 
anchor the TNF-a precursor molecule in the plasma membrane
(11) . The portion of the transmembrane form of TNF-a molecule 
exposed to the outside of the cell not only serves as a precursor 
for released TNF-a, but can also bind itself to an adjacent cell and 
thereby engage in intercellular communication (12-14).
The native structure of TNF-a and TNF-P molecules are trimers 
with a total molecular mass of 52 kDa (15). The shape of the 
molecule resembles a triangular cone, in which each of the three 
subunits has a typical jelly roll-P structure. The structure quite 
remarkably resembles the arrangements of many viral capsids, 
especially Satellite Tabacco Necrosis Virus (STNV) capsid protein 
(11). The significance of this similarity is not understood, but raises 
the question of their convergent or divergent evolution.
The question is where on the molecule are the active sites? Studies 
with randomly obtained mutant molecules revealed that the active 
site must be located on the lower half of the triangular pyramid, 
in the groove between the subunits (11). This active site also 
corresponds to the receptor binding domain, and follows its three- 
dimensional symmetry.

TNF receptors
TNF receptors are present on many cell types, both normal and 
transformed, with only few exceptions, such as erythrocytes and 
unstimulated T-lymphocytes (11, 16). The number of TNF recep
tors (TNF-R) varies on the cells, from 200 up to 10,000 (17). 
Although they are prerequisite for biological effect, no correlation 
between the number of the TNF-R and the magnitude of the effect 
has been found (17). Protein purification and cDNA cloning 
studies identified two distinct receptors, the 55-kDa (TNF-R55 or 
TNF-RI) and the 75-kDa (TNF-R75 or TNF-RII) (18, 19) receptors. 
The extra-cellular portions of these receptors are similar not only 
to each other but also to the extra-cellular domains of the nerve 
growth factor (NGF) and several structurally related surface 
molecules (8). The intra-cellular portions of the receptors are

different, there is no homology in this region (20). The lack of 
resemblance of the intracellular portion suggests that the two 
receptors activate different intracellular signalling pathways with
out any hints as to its function. The TNF-R55 seems to be present 
on most cell types, among others on epithelial cells and fibroblasts, 
while TNF-R75 is restricted to the cells of hematopoietic origin (8, 
11). Some cells were found to express only one receptor, while 
most cells examined had both receptors, expressed in different 
proportions (20, 21).
Soluble TNF-binding proteins have been characterized in human 
serum and urine. They were originally identified as TNF inhibitory 
peptides, but are now known to be truncated portions of the extra
cellular domains of the two TNF-R (22, 23). The function of these 
TNF-binding peptides could be in regulating the bioactivity of 
TNF-a in the body. Soluble TNF-R may compete and inhibit TNF- 
a  action on the cells, but on the other hand, by binding to TNF- 
a  in dissociable form, it may affect the pharmacokinetics and 
stability of TNF-a. An interesting possibility is that soluble TNF-R, 
which are present in higher concentrations in tumor-bearing 
subjects, may affect the pharmacokinetics of TNF-a after the 
treatment. This was demonstrated on sarcoma- and melanoma
bearing mice treated with TNF-a. Comparison of TNF-a serum 
concentration profiles in tumor-bearing and healthy animals 
indicates that the absorption, distribution and/or metabolism in 
tumor-bearing animals differs significantly from those in healthy 
animals (24, 25).

TNF action on cells
TNF-a was originally an object of great interest because of its 
selective cytotoxicity to malignant cells (2). With recombinant 
TNF-a production, several human and animal tumor cell lines 
have been tested for TNF-a cytotoxicity (3, 26). Now it is known 
that TNF-a is cytotoxic to many cells, which have a wide range of 
susceptibility, from high to resistant (26, 27). The cytotoxicity of 
TNF-a can be increased many-fold by actinomycin D or cyclohex- 
amide (28). Major steps in the TNF-a-mediated cytotoxicity 
cascade include G protein-couple activation of phospholipases, 
generation of free radicals and damage to nuclear DNA by 
endonucleases (29). Cell membrane fluidity also increases after 
TNF-a treatment, and correlates with cytotoxicity (30). Such 
alterations can contribute to the cytotoxicity of TNF-a, or they are 
a step in cytolysis. But cell lysis is not the only way in which TNF- 
a  can kill, in some cell types it can lead to apoptosis, a 
programmed cell death (31).
On the other hand, TNF-a can exert proliferative activity on a 
number of cell types, especially on fibroblasts (3, 32) (Tab. 1). 
Additionaly, on some transformed cells, the growth-enhancing 
activity of the TNF-a was demonstrated (33, 34). Biphasic effect on 
cell growth was observed; inhibition of cell growth in high TNF- 
a  concentrations and stimulation of cell growth in low concentra
tions. Because blocking RNA or protein synthesis strongly enhan
ces TNF-a cytotoxicity, it is often suggested that TNF-a itself 
induces synthesis of protective proteins, which interfere with 
generation of toxic products, or help to detoxify them (35).
In many cell types, TNF-a causes a release of arachidonic acid, 
which leads to secretion of PGE2 and some other eicosanoids (36). 
Treatment of, for example, endothelial cells induces synthesis of 
platelet-derived growth factor (PDGF) (37). In neutrophils, TNF- 
a  induces respiratory burst and degranulation, releasing elastase, 
lysozyme and other enzymes (38).
In many cells, TNF-a induces various sets of genes by transcrip
tional activation. This has been studied primarily on fibroblasts 
and endothelial cells. Gene products can be found in nucleus 
(c-fos, c-jun, c-myc) (39, 40), in mitochondia (Mn-superoxide 
dismutase) (11), in cytoplasm, on the cell membrane, or secreted 
in the medium. For example, in endothelial cells, the new antigens 
appearing on the membrane are the procoagulant factor (41),



Tab. 1. Som e b io log ica l activ ities m ed iated  by TNF-a

Cell type Effect
Endothelial cells Procoagulant activity 

Cytostatic/cytotoxic

Adipocytes Differentiation
Suppression of lipogenic enzymes

Fibroblasts Production of collagenase and PGE2 
Proliferation

Synovial cells Production of collagenase and PGE2

Muscle cells Inhibition of contractability 
Inhibition of myoblasts differentiation

Bone cells 
Osteoblasts Growth inhibition 

Inhibition of collagen synthesis

Osteoclasts Activation, proliferation

Cells of CNS 
Cells of hypothalamus 
Astrocytes 
Oligodendrocytes

Production of PGE2
Proliferation
Cytotoxicity

Cells of immune system 
Hematopoietic cells 
Monocytes/macrophages 
Neutrophils 
Eosinophils 
Tymocytes 
T lymphocytes 
B lymphocytes 
NK/LGL

Inhibition of colony formation 
Activation, chemotaxis 
Activation, chemotaxis 
Increased toxicity to pathogens 
Proliferation 
Proliferation
Proliferation, differentiation 
Induction of LAK activity

Tumor cells Cytostatic/cytotoxic

Virus infected cells Inhibition of virus replication 
Cytotoxic

membrane-bound IL-1 (42), and enhancement of class I-HLA 
structures (43). Examples of secreted proteins are IL-6, GM-CSF, M- 
CSF and plasminogen activator inhibitor (PAI) (44).

Im m unom odulatory effect of TNF
TNF-a is a pleiotropic molecule, which can display a series of 
effects in different cell types (Tab. 1). As a product of monocyte/ 
macrophage lineage, TNF-a plays an important role in mecha
nisms augmenting the effector activities of the immune cells. 
Monocytes/macrophages, activated by various agents, can be 
rendered cytotoxic and kill other cells. Several mechanisms have 
been suggested, and according to one of the theories cytotoxicity 
is mediated by TNF-a (45), which has put TNF-a in the central 
position as an effector molecule in cytotoxicity.
In an autocrine fashion, TNF-a induces itself in monocytes, 
activates them and stimulates their cytotoxicity (46). TNF-a also 
induces the synthesis of interleukin-1 (IL-1) (47), expression of Fc 
receptors (48) and of la antigens (49) on macrophages.
The action of TNF-a on lymphocytes is displayed after initial 
stimulation, because resting T-lymphocytes appear to lack the 
TNF-R (50, 51). TNF-a enhances proliferation of T-lymphocytes in 
dose-dependent manner, modulating proliferation and differen
tiation of B-lymphocytes (51, 52). High concentrations of TNF-a 
induce T-lymphocytes to release IFN-y, and TNF-a exerts syner
gistic effect with IL-2 in the generation of LAK cells (53).
Since macrophages play a central role in orchestrated immune 
response to stimuli, TNF-a molecule has also been put into the 
same position. Because of its pleiotropic action on different cells 
of the immune system, TNF-a has to be carefully regulated 
because of its adverse effects in the case of overproduction. Some 
of its antagonists have already been identified, but thus require 
further investigations, in order to solve the problems where 
overproduction of TNF-a induces pathological situations associ
ated with several diseases.

The role of TNF in diverse pathological 
processes
Several cell-to-cell communications are crucial during the inter
action and maintenance of specific foci of inflammation. Cytokines 
act as local mediators of cellular homeostasis and TNF-a plays a 
key role among them. One of the important events that occur 
during local immune inflammatory response is manifested by the 
effect of TNF-a on the endothelial cells. TNF-a has been shown 
to stimulate angiogenesis (54) and to alter endothelial cell respon
siveness (55). TNF-a stimulates endothelial cells to produce GM- 
CSF, IL-1 and class I MHC molecules (44, 56). TNF-a and IL-1 
promote accumulation of granulocytes at the site of inflammation, 
by enhancing the expression of surface adherence molecules (57). 
In addition, TNF-a induces respiratory burst, degranulation, 
phagocytosis and antibody-dependent cellular cytotoxicity of the 
neutrophils (58). TNF-a also increases the production of procoa
gulants and downregulates the production of trombomodulin, 
thus converting vascular endothelium to procoagulant surface 
(59). All these events lead to cell extravasation and activation, and 
cessation of blood flow leading to tissue necrosis.
Intervention at the inflammatory state, caused by high release of 
cytokines and TNF-a, can theoretically be blocked by substances 
or agents inhibiting the inflammation (i. e. antibiotics). The other 
ways may be to block the release of TNF-a, neutralize TNF-a or 
TNF-R, and thus prevent the inflammatory response from ampli
fying itself. In this direction some studies with TNF-a antibodies 
have been conducted. Protection from lethal effects of endotoxin 
was achieved (60).
Cachexia, the severe wasting, often accompanies chronic parasitic, 
bacterial or viral infections, and is all too often a major symptom 
in cancer patients. Animals which are cachectic have high trigly
ceride levels in circulation, presumably due to depressed lipopro
tein lipase activity. A factor that not only mediates lipoprotein 
lipase inhibition in vivo (61) but also suppresses this enzyme in 
adipocytes in vitro was identified (62). This factor, which was 
named cachexin turned out to be identical to TNF-a (63).
Septic shock is usually a result of infection with Gram-negative 
bacteria or high doses of LPS. There is evidence that TNF-a plays 
a key role in septic shock. It was found that septic shock with fatal 
outcome significantly correlates with high levels of TNF-a in 
serum (64).
Elevated levels of TNF-a appear to be involved also in the 
processes associated with other pathologic conditions, including 
diseases of parasitic origin, allograft rejection, viral diseases and 
HIV infection (44, 65).

M echanisms of TNF action on tum ors
TNF-a was named after the rapid necrosis observed in transplant
able, methylcholanthrene-induced sarcomas in mice (2). These 
tumors are atypical, and hardly a model for cancer in man. TNF- 
a  treatment in mice induces rapid necrosis of the central portion 
of solid tumors within 48 hours. With high doses even curative 
results can be achieved, otherwise tumors regress for a certain 
period of time, and thereafter regrow again from the remaining 
viable tumor cells in the outer portion of the tumors (2, 66,67). The 
fact that certain tumor cell lines can be in vitro resistant to TNF-a, 
whereas in vivo solid tumors originating from the same cell line are 
highly responsive to TNF-a treatment, came as a surprise (44, 68). 
This discrepancy between in vitro and in vivo antitumor effective
ness of TNF-a led to the conclusion that in vivo antitumor effects 
of TNF-a are host-mediated. Direct tumor cell cytotoxicity is less 
likely, because it is achieved only in high TNF-a concentrations. 
For the antitumor effectiveness of TNF-a, tumors must be well- 
vascularizied in order to induce hemorrhagic necrosis, because 
treatment of ascitic tumors or micro-metastases with TNF-a has



little or no antitumor effect (68-70) (Fig. 1). Since tumor destruc
tion takes place only in vascularised neoplasms, the indirect action 
seems to be mediated by the efficacy of TNF-a on the vascular 
endothelium of the tumor circulation. Histopathological investiga
tions have confirmed that tumor necrosis induced by TNF-a is due 
to circulatory disturbance associated with micro-vascular injury 
within the tumor, which is manifested by hyperemia and multiple 
fibrin thrombi at capillary level (71, 72). In some of the highly 
immunogenic tumors, the action of TNF-a is at least partly T-cell 
dependent (73). This was confirmed by the resistance of the cured 
mice to challenge by the same tumor cells (11), and by partial 
abolition of the response in immunosuppressed animals (70, 74). 
Moreover, the immune system is important, since tumor necrosis 
cannot be achieved in syngeneic nude mice (75, 76). Thus, in 
addition to direct cytotoxicity, the antitumor effect of TNF-a on 
animal experimental models may be two-fold, i.e. via effects on 
tumor vasculature, and by stimulation of a specific host immune 
antitumor response. How this concept correlates with antitumor 
effectiveness of TNF-a in humans, where tumors are poorly 
immunogenic, is not clear.
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Fig. 1. Effect o f  TNF-a treatm ent (4  x io> U/mouse, three times 
intravenously on days 4, 5  an d  6) on FSa an d  NFSa tumor 

m icrocolonies in the lungs.

The hemorrhagic necrosis is induced predominately in tumors, 
although damage to the vascular endothelium is observed in other 
organs, mainly in lung and gastrointestinal tract (77-79). Higher 
sensitivity of tumor endothelium can be explained on the basis of 
the physiological differences between mature vessels and those 
newly evoked within solid tumors. The newly formed vessels in 
tumors are usually thin-walled capillaries or sinusoids with little 
more than an endothelial lining, backed by a basement membrane 
(80). Additionally, higher proliferation rate of endothelium in solid 
tumors is one of the prominent differences between solid tumors 
and normal tissues (81). All these factors may be contributing to 
the differential susceptibility of the vascularization in solid tumors 
and normal tissues.
Because of many other adverse effects of TNF-a treatment, such 
as fever, hypotension, diffuse pulmonary inflammation, hemor
rhagic lesions in the gastrointestinal tract and diffuse intravascular 
thrombosis (77—79), different routes of TNF-a application have 
been tested. The comparison of systemic and intratumoral or 
péritumoral application is especially interesting. TNF-a applica
tion into the tumor or into its immediate vicinity, has proved to be 
equally or, in some cases, even more effective than intravenous 
application (70, 74, 82, 83) (Fig. 2). This route of application 
usually induces less side effects, because of slower TNF-a elimi
nation and lower serum concentrations (24, 25). Also, direct tumor 
cell cytotoxicity is a more likely antitumor mechanism, because

higher TNF-a concentrations in the tumor are achievable. After the 
initial testing on animal models, intratumoral and péritumoral 
applications are becoming more relevant also for clinical applica
tion.

Days after treatment
Fig. 2. Antitum or effect o f  TNF-a on subcutaneously growing SA-1 
tumors. Tumors were treated with 2  x 105 U TNF-a intravenously 

or peritum orally.

TNF in com bined treatm ent w ith other 
treatm ent m odalities
Because tumor cures can seldom be achieved with TNF-a treat
ment, researchers are looking for new treatment combinations. 
Their aim is to increase the therapeutic index by decreasing the 
TNF-a toxicity or by increasing its effectiveness. Therefore, 
attempts have been made to combine TNF-a with several other 
biological response modifiers, chemotherapeutic drugs, radio
therapy, hyperthermia, electrotherapy and others.
Several in vitro studies have shown interaction between interfer
ons and TNF-a. IFN-yand IFN-a up-regulate TNF-R on tumor cells, 
which influences other biological activities of TNF-a (84). This is 
usually reflected also in synergistic cytotoxicity of TNF-a and 
interferons to tumor cells. Besides interaction of TNF-a with IFN- 
a  (27, 85) (Fig. 3), most studies have been done with IFN-y (3, 26, 
27, 33, 86), which has also shown the best results. At in vivo level, 
several studies have dealt with the same treatment combinations, 
and have confirmed that interferons, with appropriate protocol, 
interact with TNF-a antitumor effects (87-89). Also elimination of 
the tumors and complete cures can be achieved (11). Synergistic 
antitumor effect has been noted also in combination of TNF-a with 
IL-1, IL-2, and IL-4 (89, 90). Potentiation of TNF-a antitumor 
activity was tested also with desmuramyl dipeptide analogs LK-409 
and LK-410 (91). Muramyl dipeptides are the minimal structures of 
Mycobacterium or Freund’s adjuvant possessing immunoadjuvant 
activity. Combined treatment of fibrosarcoma tumors with TNF-a 
and LK-409 or LK-410 augments the antitumor effect of TNF-a. This 
demonstrates that many other immunological substances, such as 
muramyl dipeptide analogs, have the potential to increase the 
antitumor activity of TNF-a.
Combined treatment with TNF-a and chemotherapy demonstrat
ed, in in vitro and in vivo studies, a potentiation of TNF-a antitumor 
activity. TNF-a cytotoxicity has been shown by several authors to 
be augmented by actinomycin D in TNF-a assay, involving L 929 
cells and HL 60 cells (92, 93). The cells, normally resistant to TNF- 
a, were made sensitive by actinomycin D (93). Synergistic 
cytotoxic effect was shown with standard antitumor cancer drugs 
such as 5-FU, adriamycin and bleomycin (94, 95). Especially 
promising are combinations with chemotherapeutic drugs, which 
are primarily targeted to DNA topoisomerase II (96). Drugs, such
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Fig. 3. Synergistic cytotoxic effect o f  TNF-a andIFN -a on A-375-M  
hum an m alignant m elanom a cell line. Cells were grown in the 
presence o f  either o f  cytokines alon e or in com bination o f  both. 
Survival curves o f  com bined treatm ent are norm alized fo r  the 
cytotoxicity o f  IFN-a (S f in 0.5  x 1CP U/ml IFN-a was 0.65 an d  in 

13.5 x 10s U/ml IFN-a 0.15).

Fig. 4. Tumor growth delay o f  intram uscular MCA-K tumors after 
differen t doses o f  irradiation  in com bination with TNF-a. Tumor 
growth delay was m easured at 300 mm3 tumor volume, an d  the 
potentiating fa c to r  at 28 days. The results are norm alized fo r  the 
tum or growth in control groups, including TNF-a treated anim als.

Drugs, such as adriamycin, doxorubicin, teniposide and etopo- 
side, are all topoisomeraze targeted and they are also widely used 
chemotherapeutic drugs. Besides, TNF-a alone can be effective to 
tumor cells resistant to cytotoxic chemotherapeutic drugs, 
especially if TNF-a is combined with IFN-y (97). Therefore, 
combinations of TNF-a with chemotherapeutic drugs seem to be 
promising and provide a sound basis for clinical trials.
TNF-a was also investigated for its ability to increase the response 
of murine tumors to ionizing radiation. Treatment with TNF-a can 
augment radioresponse of murine tumors exposed to single or 
fractionated radiation (74, 98). The therapeutic index is increased 
when treatment with TNF-a follows irradiation of solid tumors. 
The effect of treatment with both agents combined is greater than 
the additive effect of the individual treatments (Fig. 4). Further
more, TNF-a significantly increases tumor radiocurability. The 
augmented radioresponse of the tumors is not a result of increased 
radiosensitivity of the tumor cells, but is mediated through the 
antitumor mechanisms of the organism, either immunological or 
non-immunological. TNF-a is also effective in reducing damaging 
effect of ionizing radiation on bone-marrow progenitor cells. This 
can increase therapeutic advantage of TNF-radiotherapy combina
tion. These experiments suggest that TNF in combination with 
radiotherapy may be beneficial for the treatment of cancer 
patients.
TNF-a cytotoxicity is increased also at higher temperatures. A 
synergistic increase in cytotoxic effect of TNF-a by hyperthermia 
was demonstrated both in vitro and in vivo. The results show that 
the hyperthermia augments lysosomal enzyme activation and 
induction of hydroxyl radical production by TNF-a (99). The 
greatest enhancement occurs with the simultaneous administra
tion of TNF-a and hyperthermia. Hyperthermia was shown to be 
more cytotoxic under conditions of hypoxia and low pH, which 
has been shown to be the result of TNF-a treatment in vivo. 
Therefore the results of TNF-a and hyperthermia produce an 
enhanced antitumor effect against a transplantable fibrosarcoma in 
mice (100).
Combination of TNF-a with electrotherapy has also been tested on 
tumor models. Electrotherapy with direct current can effectively 
control local tumor growth and can be therefore considered in 
cancer treatment (101). The antitumor effect of anodic or cathodic 
electric current delivered through Pt/Ir electrodes is similar, 
though seldom resulting in tumor cures. Since application of 
electrotherapy can be envisioned in local/regional treatment of

solid tumors, combined modality treatment with other cytotoxic 
treatments or biological response modifiers is interesting (102- 
104). Combination of both therapies, TNF-a and electrotherapy 
results in effective tumor control with additive antitumor effect, 
regardless whether TNF-a is injected before or after electrotherapy 
(105). More than an additive antitumor effect is achieved when 
TNF-a in the same cumulative dose is split into a low priming dose 
one hour before electrotherapy and a higher dose 24 hours 
thereafter. As a result, a high percentage of the animals can be 
cured, compared to non-curative effect of single treatments.
All these treatment combinations are still in experimental, pre- 
clinical phase. Although they have proved to be effective, many of 
them await its clinical applications.

The prospects for therapy w ith TNF
The first clinical trials which have used TNF-a as a chemothera
peutic agent were relatively disappointing. Preliminary reports on 
the clinical administration of recombinant TNF-a do not indicate 
significant therapeutic effect. Some partial responses have been 
seen in both hematological and solid tumors, but were all short 
lived (106). Dose-limiting side effects were fever, chills, rigor, 
fatigue, diarrhea, headache, nausea and vomiting, severe hypo
tension and fluid retention, most likely appearing as a con
sequence of a capillary-leak syndrome similar to that described for 
IL-2 (106). But recently some encouraging results were obtained 
in clinical trials with high-dose TNF-a treatment in isolated limb 
perfusion (107), in the treatment of ascites (108), or other forms of 
loco-regional treatment (106). Treatment results are often better in 
combination with other cytokines (IFN-y, IL-2) (109), therefore 
these combinations may contribute to TNF-a’s broader use in 
clinics. Also Coley’s toxin must have induced a cocktail of 
cytokines, not just TNF-a, therefore we have to search for an 
adequate combination of different cytokines to obtain good 
clinical results.
Elevated levels of TNF-a were detected in several pathological 
conditions, including cancer (44, 110). Besides TNF-a, soluble 
TNF-R has also been determined in processes associated with 
malignant growth. Serum concentrations of soluble TNF-R in 
cancer patients often correlate with the stage of the disease (111, 
112). Its role is probably to block TNF-a bioactivity and may 
therefore have bearing on edogenously formed TNF-a in cancer



patients, as well as on tumor development. Some believe that the 
determination of soluble TNF-R in serum of cancer patients may 
have implications in early detection and diagnostics, follow-up, 
and prognosis of cancer. There is also ongoing search for TNF-a 
analogs, TNF-a molecules with preserved biological activity but 
less side effects. Some reports already describe TNF-a analogs 
which have proved to be equally effective as TNF-a molecule in 
animal studies, but had considerably less side effects (113, 114).

Conclusion
With a more profound understanding of relationships between 
cytokines, the use of cytokine combinations in tumor therapy will 
become more effective. Only then it will be possible to bring the 
cytokine cocktail closer to the effects that will result in tumor 
regression. Combined modality treatments with other cytotoxic 
treatments such as chemotherapy and radiotherapy may give TNF 
its place in regional cancer treatment. Besides the role TNF plays 
in cancer therapy, the determination of its soluble receptors in 
serum may provide additional information to biology of cancer, 
and add information to cancer diagnosis, prognosis and follow-up. 
In other pathological processes, TNF plays undoubtedly a very 
important role, therefore, better understanding of its interaction in 
cytokine network will help to explain problems related to the 
control of those diseases.
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Abstract — Background. For biosynthesis o f  m any recom binant 
proteins Escherichia coli (E.coli) is a  very su itable host organism  
due to easy m anipulation an d  availability o f  data concerning its 
genetics, plasm ids etc. We explored the applicability o f  expression 
plasm ids pMAX andpCYTEXPl fo r  the laboratory production o f  
hum an tum or necrosis fa c to r  a  (TNF).

Methods. For the reconstruction o f plasm ids an d  insertion o f  TNF 
gene standard m ethods o f recom binant DNA technology were 
used. For isolation o f  the pu re protein known chrom atographic 
techniques were applied, taking into account the conditions which 
m aintain biological activity o f  TNF. In assessing the quality o f the 
pu rified  protein, the m ain criteria were sodium  dodecyl sulfate 
polyacrylam ide gel electrophoresis (SDS-PAGE)-single band, high 
specific activity (cytotoxicity) an d  the absence o f  DNA an d  endo
toxin.

Results. In the system E. coli JM109/pMAX-TNF, the fu sion  protein  
adenylate kinase-TNF (ADK-TNF) is accum ulated within the cell as 
insoluble inclusion bodies. Expression level was estim ated to be 
about 10 to 30%. Inclusion bodies were dissolved, than the ADK 
fragm ent was cleaved from  TNF with CNBr. Crude mixture was 
separated on preparative SDS-PAGE. TNF was electroeluted from  
the gel an d  in the sam e tim e renatured in a  dialysis bag. We 
obtained a  pu re protein  (single ban d on SDS-PAGE) having 
specific activity o f  1 -2  x  1CT U/mg. Purification y ield  was 30-40% . 
With the system E. coli TGl/pCYTEXPl-TNF, a  stable expression o f  
soluble, biologically active TNF was achieved  at the level o f  1-5%  
o f  total cytoplasm ic proteins. For purification  we applied an ion ic 
chrom atography, hydrophobic interaction chrom atography (HIC) 
an d  preparative non-denaturing PAGE as the m ain separation  
steps. The fin a l y ield  o f  TNF, having high specific activity o f  2 -3  x 
10' U/mg, was 10-20% . The content o f  endotoxin, determ ined by 
Limulus Amebocyte Lysate (LAL) test, was less than 0.1 ng/mg o f  
protein an d  the content o f  DNA was below the detection limit.

Conclusions. A fter the insertion o f  TNF gene, both expression 
plasm ids used retained their structural stability an d  are suitable 
fo r  laboratory preparation  o f  mg am ounts o f  TNF. Isolation o f  TNF, 
starting with inclusion bodies o f  fusion  protein  (pMAX), is easier 
an d relatively rapid, yet it will be necessary to im prove the renatur
ation step so that also the requested specific activity will be achiev
ed. In the case o f  direct expression o f  soluble TNF in the cytoplasm

Ključne besede: ekspresijski plazm id; fu zijsk i protein; inkluzijs- 
ka  telesa; renaturacija; krom atografija

Izvleček — Izhodišča. Za biosintezo m anjših količin  mnogih 
rekom binantnih proteinov je  bakterija Escherichia coli zelo prim 
erna zarad i enostavne m anipulacije in večinom a dostopnih p o 
datkov o genetiki, p lazm idih itd. Preizkusili sm o uporabnost 
ekspresijskih plazm idov pMAX in pCYTEXPl za  produkcijo hum a
nega faktorja  tumorske nekroze (TNF)-a. Razvili smo ustrezne 
m etode z a  izolacijo TNF, izhaja joč v enem  prim eru iz  inkluzijskih 
teles biološko neaktiim egafuzijskega proteina in v drugem prim eru  
iz  citoplazm e, k ije  vsebovala topen, biološko aktiven TNF.

Metode. Za preoblikovanje plazm idov in vključitev gena z a  TNF 
sm o uporabili standardne m etode tehnologije rekom binantne 
DNA. Pri čiščenju sm o uporabili zn an e krom atografske tehnike z  
upoštevanjem pogojev, ki ohran jajo biološko aktivnost TNF. Za 
oceno kvalitete očiščenega proteina sm o kot glavne kriterije vzeli 
prisotnost en e sam e lise na poliakrilam idn i gelski elektroforezi z  Na 
dodecil sulfatom  (SDS-PAGE), visoko specifično aktivnost (cito- 
toksičnost) ter odsotnost DNA in endotoksinov.

Rezultati. V ekspresijskem sistemu E. coli JM109/pMAX-TNF se 
fu zijski protein  adenilatna kinaza-TN F (ADKfTNF izloča v obliki 
netopnih inkluzijskih teles. Nivo ekspresije j e  ocenjen na 10-30%. 
Inkluzijska telesa sm o izolirali in raztopili, ADK fragm ent p a  
odcepili od  TNF s CNBr. Iz  nastale zm esi smo izolirali TNF z  
uporabo SDS-PAGE. Iz  gela sm o TNF elu irali in hkrati renaturirali 
v d ializn i cevki. D obili sm o čisti protein  (en a lisa na SDS-PAGE')•& 
specifično aktivnostjo 1 -2  y~lCF U/mg. Izkoristek p o  čiščenju je  bil 
30-40% .
S sistemom E. coli/pCYTEXPl-TNF sm o dobili stabilno ekspresijo 
biološko aktivnega TNF v citoplazm i, 1-5% celotne vsebnosti 
citoplazem skih proteinov. Pri izolaciji sm o uporabili več zapored
nih korakov: an ionsko krom atografijo, nativnoPAGE, hidrofobno 
interakcijsko krom atografijo (HIC). Izkoristek čiščenja je  bil 10- 
20%. D obili sm o čisti protein  s specifično aktivnostjo 2 -3  x 107 U/ 
mg. Vsebnost endotoksinov je  b ilap od  0,1 ng/mgproteina, vsebnost 
DNA p a  p od  m ejo detekcije.

Zaključki. Oba preizkušena ekspresijska p lazm ida sta p o  vstavitvi 
TNF gen a strukturno stabilna in uporabna za  laboratorijsko 

pripravo m iligram skih količin  čistega proteina. Izolacija TNF prek  
fu zijskega proteina ADK-TNF (pMAX) je  sicer enostavnejša, treba 
p a  bo še izboljšati fa z o  renaturacijeproteina, da bo dosežena tudi 
potrebn a specifična aktivnost.



(pCYTEXPl), a  m ore elabora ted  a n d  tim e consum ing p u rifica tion  
p roced u re is n eeded , anyw ay, the fin a l protein  is very p u re a n d  is 
equ ivalen t in  qu ality  to com m ercially  av a ilab le prep aration s. This 
system is being currently u sed  in ou r lab oratory for the p rep aration  
o f  TNF an alogs.

Introduction
In theory, any foreign gene can be expressed in E. coli, but 
expression can vary substantially, from barely detectable to very 
high levels. Cytoplasmic and secretory proteins, which do not have 
many disulfide bonds and do not require specific glycosylation 
pattern for biological activity or stability, can be usually well 
expressed in E. coli. With complex membrane proteins and those 
extremely toxic to the host cell troubles such as low expression, 
instability etc. could be expected and specialized expression 
plasmids with tightly controlled promoters are usually needed. 
In general an expression level of 1-5% of total cytoplasmic 
proteins is relatively easy to obtain, which is sufficient to supply 
the material for a laboratory scale isolation of mg amounts of the 
protein. Problems usually arise when a very pure substance, i.e. 
pharmaceutical grade, is requested. In such a case the develop
ment of economic procedures is more time consuming. However, 
the above mentioned expression level in laboratory flask culture 
is also a good starting point for optimization in a small laboratory 
fermentor.
There are three general approaches to produce a foreign protein 
in E. coli.
1) Direct expression of soluble biologically active protein in 
cytoplasm or insoluble, biologically inactive protein, deposited in 
the form of inclusion bodies. High accumulation is possible with 
larger proteins (more than 100 amino acid residues), while smaller 
proteins (less than 50 amino acid residues) are usually proteolyti- 
cally unstable. Resistance to proteases might be achieved by fusion 
to a larger native E. co li protein (for instance (J-galactosidase) as 
discussed below. Proteolytic activity can also be partially avoided 
by growth at lower temperature (=30 °C). By temperature shift it is 
also possible to regulate the solubility to some extent or to promote 
the creation of inclusion bodies.
2) Expression of the fusion protein. The protein is coupled to N- 
or C-terminus of another protein, which is chosen in accordance 
with what we want to achieve -  for instance higher expression, 
resistance to proteases, production of inclusion bodies and so on. 
In many cases a small peptide is added to change the properties 
of the recombinant protein for its easy and specific separation from 
a complex protein mixture. In all these cases the fusion protein 
must be cleaved after being purified in order to release the target 
protein. For this purpose, the cleavage site (recognition sequence) 
for specific endoprotease must be inserted. However, cleavage 
itself is not always absolutely specific and does not give 100% 
yields. If the target protein does not contain methionine residue, 
the latter is inserted between two peptides to make cleavage with 
CNBr possible.
Some proteins are accumulated in the cytoplasm as insoluble 
aggregates -  the so called inclusion bodies. The process is not 
completely understood and is still unpredictable. Higher accumu
lation of recombinant protein is possible because the foreign 
protein is currently removed and does not disturb the host cell 
metabolism. The formation of inclusion bodies can be useful for 
easier protein purification, especially in cases when final renatura- 
tion of the protein is efficient.
3) The third approach is the application of secretion expression 
vector. A leader peptide coupled to N-terminus of a protein to be 
produced enables the transfer of the foreign protein through the 
membranes into the periplasmic space or even into the media. If 
a good secretion and exact processing of the leader peptide is 
achieved this could be the method of choice especially for

P ri ekspresiji topnega TNF n eposredn o v citop lazm i (pCYTEXPl) j e  
sicer p otrebn a d a ljša  in  zahtevn ejša p o t z a  izolacijo , v en d ar j e  
p rid ob ljen i p rotein  g led e kvalitete en akovreden  pripravkom , k i so  
n a trgu. Ta sistem  sed a j tudi u p orabljam o z a  pripravo an alogov  
TNF.

expression of smaller peptides. The purification of expression 
products might be simpler in such cases. However, E. co li is 
naturally a poor secretor and secretion of foreign proteins is often 
even less effective.
To summarize, for an unknown protein it is still not possible to 
predict exactly its behavior inside the E. co li cell and similarly it is 
not possible to say much in advance about its stability and 
expression level. So, at the beginning it is necessary to test a few 
different expression plasmids and hosts to estimate which one is 
the most promising for further optimization in the fermentor. The 
choice of the expression system defines to a great extent also the 
purification procedure which follows.
TNF-oc monomer is a 17 kDa (157 amino acid residues) nonglyco- 
sylated protein, which contains a single intramolecular disulfide 
bond and lacks any methionine residue. Biologically active is as 
a compact trimer. It is soluble in E. co li cytoplasm and also quite 
resistant to proteolytic degradation. Recombinant TNF was first 
isolated from E. co li in the year 1984 (1, 2). Later on other 
expression systems and purification methods were developed (4, 
5), including either conventional or methylotrophic yeast and 
Streptom yces sp. Production levels of few mg/L in E. co li to more 
than 1 g/L in P. pastoris of fermentation broth were published (3). 
However, we wish to stress that the price of recombinant TNF on 
the market has not changed over the last five years and it still 
remains to be about 500 DM/10 pg. So it is obvious that if larger 
quantity of TNF is needed, a home-made preparation could be 
more economic.
We tested different E. co li expression plasmids and two of them 
are presented here. pMAX is useful for the production of insoluble 
ADK-TNF fusion protein, and pCYTEXPl enables the production 
of soluble, biologically active TNF.

M aterials and m ethods
E. co li strains JM109 and TGI were used for transformation and 
expression studies. Plasmid BBG4 bearing synthetic human TNF- 
gene with codons optimized for E. co li was supplied by British- 
Biotechnology. Plasmid pMAX was provided by Prof. T. Samejima 
(Tokyo, Japan). Plasmid pCYTEXPl was supplied by Medac 
(Hamburg, Germany). Plasmid pCYTEXPl is an improved deriv
ative of pJLAóOX series (6). Standard procedures (7, 8) were used 
for all manipulations of plasmids using enzymes supplied by 
Boehringer (Mannheim) or Pharmacia. Isolation and purification 
of the recombinant TNFs followed conventional chromatographic 
methods as described elsewhere (9) and as represented in figures. 
Protein concentration was estimated by Bradford procedure (10) 
using bovine serum albumin (BSA) as a standard. SDS-PAGE was 
performed according to the method of Laemmli (11) using 4% 
stacking gel and 15% separation gel in a vertical electrophoresis 
system of Pharmacia. Proteins were visualized by partially modi
fied procedures described for silver staining and for staining with 
Coomassie Brilliant Blue R 350 as described in the manufacturer's 
instruction guide for the PhastSystem (Pharmacia),
Western blot analysis was performed according to the general 
procedure from the laboratory manual of Sambrook et al. (8). After 
SDS-PAGE the proteins were electrophoretically transferred to the 
nitrocellulose membrane in the NovaBlot system (Pharmacia). The 
nonspecific binding sites on the membrane were blocked by 3% 
BSA in tris buffered saline (TBS). The membrane was incubated in 
the solution of rabbit anti-h TNF (Sigma) at a dilution of 1:500,



Fig. 1. E xpression p lasm id  pMAX-TNF. 

SI. 1. Ekspresijskiplazm idpM A X -TN F.

Fig. 2. Expression plasm idpCYTEXPl-TN F. 

SI. 2. E kspresijski p lazm id  pCYTEXPl-TNF.
ORI: origin of replication
AmpR: resistance to ampicillin
P.ic: tac promoter is usually fully induced by the addition of isopropylthio

(3-D-galactoside (IPTG); in our case the addition of IPTG was not necessary 
(leaky promoter)

T1T2: transcriptional terminator
ADK: about one half of the adenylate kinase gene (N-terminal part) which is

highly expressed under the control of tac promoter 
Xa: a recognition sequence (lie Glu Gly Arg) inserted between ADK and TNF

for specific cleavage by coagulation factor Xa 
TNF-OC: gene is inserted so that the following fusion protein results:

ORI: 
fl ORI:

AmpR:

cits 857:

Tr.terminator (fd): 
atpE TIR:

TNF-OC:

origin of replication
generation of single stranded DNA after infection by M13K07
helper phage
resistance to ampicillin
tandem promoter from bacteriophage X

thermosensitive repressor controlling the promoter; induction
is achieved by temperature shift (30°C —> 42°C)
transcriptional terminator
translational initiation region which promotes (facilitates) trans
lation
gene is inserted so that the authentic protein is produced

ADK-Met Val lie Glu Gly Arg Met He Pro Met-TNF

Cleavage of the fusion protein by X results in TNF having 4 additional amino 
acid residues at N-terminus (Met He Pro Met-TNF).

Cleavage with CNBr produces TNF with an authentic N-terminus.

which was followed by incubation in the solution of 1:3000 diluted 
goat anti-rabbit IgG coupled to horseradish peroxidase (Bio-Rad). 
Detection was performed by 4-chloro-l-naphtol or 3-3'-diamino- 
benzidine.
The bioactivity of TNF in bacterial extracts and fractions from 
purification procedures was measured by an in vitro cytotoxicity 
assay using L929 as the target cell (12).
The presence of endotoxins was controlled by Limutester Gelation 
Capillary Method (Funakoshi Co., Ltd., Japan) according to the 
supplier's instructions. The method is based on the finding of J. 
Levin and F. B. Bang, that endotoxins induce gel formation with 
Limulus Amebocyte Lysate (13). Traces of host DNA eventually 
present in purified TNF samples were determined by dot-blot 
hybridization of 32P-radiolabeled random fragments from E. co li 
genomic DNA to immobilized nucleic acids on nylon membranes. 
Principles of the method are described elsewhere (8).

Results and Discussion
Synthetic TNF gene with codons optimized fori;, co li was properly 
inserted into expression plasmids pMAX and pCYTEXPl, the basic 
features and properties of which are summarized in Fig. 1 and Fig. 
2. For both plasmids, a selection pressure of ampicillin (50-100 
pg/ml of Luria-Bertani [LB] media) was necessary to maintain 
appropriate plasmid copy number. Otherwise, no structural insta
bility was observed, as concluded from plasmid preparations 
analyzed on agarose gels (results not shown).
In the expression system E. co li JM9/pMAX-TNF, a great deal of 
proteins appeared in the form of inclusion bodies, in which the 
majority (30-50% of all proteins) corresponded to ADK-TNF fusion 
protein (Fig. 3 a, lane 2). After treatment of dissolved inclusion

bodies with CNBr, the fusion protein was completely cleaved as 
shown in Fig. 3 a, lane 3. The E. co li proteins were also cleaved, 
but to fragments smaller than TNF monomer. For cleavage with 
CNBr, much gentler reaction conditions were applied (Fig. 4) in 
comparison with the standard procedure (14). Pure TNF was 
isolated by means of semipreparative SDS-PAGE and electroelu
tion of the appropriate protein band from the gel. After renatu- 
ration by 3-days dialysis, a final product exhibited the specific 
activity of 1-2 x 106 U/mg.
Attempts to cleave the fusion protein, after SDS-PAGE isolation 
(Fig. 4), with coagulation factor Xa were not very successful. Only 
10-20% of the cleaved product was demonstrated (results not 
shown).
In the systemic co/ITGl/pCYTEXl-TNF, expression of biological
ly active TNF in the soluble form resulted in 1-5% accumulation 
of the protein in cytoplasm. As seen from Fig. 5 and Fig. 6, an 
elaborate purification procedure consisting of several purification 
steps, was applied to purify and isolate TNF. We used this rather 
complicated and time consuming purification scheme, because we 
did not succeed to isolate a TNF of proper, pharmaceutical grade 
quality by following the already published procedures from the 
literature. However, regarding the prices of recombinant TNF on 
the market, our purification procedure resulting in a high quality 
TNF preparation, is still advantageous for isolation of mg amounts 
of this protein.
Concerning the purity of TNF preparations, TNF recovered accord
ing to both isolation procedures (Fig. 4 and Fig. 5) is essentially free 
from other proteins. As estimated from SDS-PAGE, at least 98% of 
total protein corresponds to TNF. On overloaded gels (5-10 pg 
TNF/well), no detectable amount of A. co li proteins can be spotted 
by visual inspection after silver staining. An immuno-reactive 
protein band (34-35 kDa) appeared in different amounts and 
corresponded probably to non-reducible TNF dimer (15). How
ever it did not exceed 1-2% of total protein amount (Fig. 3b; 
lane 3).
In partially purified samples different amounts of TNF degradation 
product are usually found (an immuno-reactive band running in 
front of TNF monomer on SDS-PAGE; results not shown). The



Fig. 3- ci) SDS-PAGE analysis, b) Western blot analysis. 

Si. 3- à )  sds-PAGE analiza, b) Western blot analiza.
1) Molecular weight standards: 

myoglobin (17 kDa) chymotrypsi- 
nogen (25 kDa)

2) Proteins of dissolved inclusion bo
dies of E .  c o l i  JM109/pMAX-TNF

3) Proteins of dissolved inclusion bo
dies after CNBr cleavage

1) Proteins of dissolved inclusion bo
dies of E .  c o l i  JM109/pMAX-TNF

2) Purified fusion protein
3) TNF-a purified from CNBr cleavage 

mixture
4) Molecular weight standards
5) TNF-a standard (analog A3N-TNF)

£  co li JM109 /  pMAX-TNF; overnight flask culture, LB/amp50 ; 37 °C 
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lysis ; sonication
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j  solubilization in SDS-PAGE sample buffer 
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CNBr cleavage (pH = 6.8 ; 20 °C ; 24 h) 

crude CNBr cleavage mixture

semipreparative SDS-PAGE 

electroelution
dialysis against 50 mM Tris pH = 8 

30 mM NaCI

semipreparative SDS-PAGE

electroelution 
dialysis against X« buffer

cleavage with X a 

(low reproducibility)

purified TNF : V
specific activity 1-2 x 106 U/mg partial cleavage of ADK-TNF
final yield 30-40%

amount of this degradation product increases with time if samples 
are stored at room temperature or in inappropriate buffers. TNF 
degradation product can be completely removed on Phenyl 
Superose column (Fig. 5 and Fig. 6).
The content of endotoxin (LAL test) was less than 0.1 ng/mg of 
protein. Traces of host DNA were determined in 5 pg of samples 
and turned out to be below the detection limit (<100 pg of DNA). 
Concerning storage and stability of preparations, the purified 
protein, if stored in phosphate buffered saline (PBS) or Tris buffer 
(pH range from 6.5 to 8) in concentrations around 1 mg/ml is rather 
stable at -7 0  "C, which means that at least 6 months cytotoxicity is 
not substantially reduced. On the contrary, we have found that 
partially purified preparation is sometimes more susceptible to 
decomposition in comparison to the pure substance. Storage in 
non-optimal buffers or at elevated temperatures results in appear
ance of oligomeric species. Subunits in these aggregates are held 
together by covalent bonds -  but not disulfide bonds (15). The 
formation of these aggregates can be avoided to a great extent by 
choosing appropriate buffer and storage conditions (15).

Conclusions
We explored the applicability of two E. co li expression vectors for 
the production of TNF on the laboratory scale.
In the case of E. co li JM109/pMAX-TNF, the fusion protein ADK- 
TNF was expressed at high levels and accumulated in the form of 
insoluble inclusion bodies. After solubilization in SDS-PAGE 
buffer effective cleavage of fusion protein with CNBr was achieved 
and only partial cleavage with coagulation factor Xa was demon
strated. A short and easy purification procedure was applied and 
the final yield of the pure TNF was about 30-40%. Unfortunately, 
the renaturation step turned out to be less efficient so that specific 
activity was not more than 1-2 x 106 U/mg.
In the system E. co li TGl/pCYTEXPl-TNF, expression of biologi
cally active TNF directly in the soluble form resulted in 1-5% 
accumulation of the protein in cytoplasm. A much more time 
consuming procedure was needed to isolate the pure protein and 
final yield was only 10-20%, however, the quality of the product 
concerning specific activity (2-3  x 107 U/mg), endotoxin and DNA

Fig. 4. Isolation  o f  TN Ffrom  in solu ble fra c tio n  (in clu sion  bod ies) 
-  a  sim plified  schem e.

SI. 4. Iz o la c ija  TNF iz  n etopne fr a k c ije  (in klu zijskih  teles) -  
poen ostav ljen a shem a.

E. c o li TG1 /  pCYTEXPI -TNF ; lab fermentar (3,5 L), LB/amp70 ; 30° C ® 40° C

cell pellet

I lysis ; cell disruption 
(sonicator or Brown homogenizer)

crude lysate

I
addition of streptomycin 
(nucleic acids removed)

supernatant

DEAE -  Sepharose CL-6B column
(TNF elution : 50 mM Tris pH = 8 ; 0,1 M NaCI)

ultra filtration (Amicon YM100A) 
y  (majority of endotoxin removed)

permeate

^  ultrafiltration (Amicon YM10) 

reténtate

▼

non-denaturing PAGE 

electroelution 

addition of (NH4)2S 04

Phenyl Superose (HIC) column 
(TNF degradation product removed)

TNF fractions pooled

precipitation with (NHJjSO,,

dialysis of dissolved precipitate 
against PBS pH = 7.6 or 

y  50 mM Tris pH = 8 0.5 M NaCI

pure TNF: specific activity 2-3 x 107 U/mg 
final yield 10-20%

Fig. 5. Isolation  o f  TNF from  cytoplasm ic fra c tio n  -  a  sim plified
schem e.

SI. 5. Izo la c ija  TNF iz  citop lazem ske fr a k c ije  -  poen ostav ljen a
shem a.
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Fig. 6. SDS-PAGE an alysis a t d ifferen tp u rifacation  steps.

SI. 6. SDS-PAGE a n a liz a  p o  raz ličn ih  stopn jah  čiščen ja.
1) Molecular weight standard : myoglobin (17 kDa)
2) Crude lysate of E. co li TGl/pCYTEXPl-TNF
3) TNF-a rich fraction after separation on DEAE Sepharose CL-6B
4) TNF-a after semipreparative non-denaturing PAGE
5) tnf-a AFTER pHENYL-sUPEROSE (hie)

content was equal or comparable to commercial preparations. The 
content of endotoxin (LAL test) was less than 0.1 ng/mg of protein 
and the content of DNA was below the detection limit.
The latter expression system is now successfully used in our 
laboratory for mutagenesis and for laboratory preparation of new 
TNF analogs.
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A bstract—Background. Im m unom odulation  is an  n atu ral event. 
It is im portant in  the developm ent o f  the d isease a n d  healin g. 
U nderstanding o f  these n atu ral events lead s to the produ ction  o f  
n atu ral a n d  a rtific ia l su bstan ces usefu l fo r  the therapy. Som e o f  
them  can  in crease, som e d ecrease the selected  im m une d efen ce  
activities. A lot m ore is know n abou t im m unosuppressants than  
abou t im m unostim ulators. In  the presen tation  the au thors discuss 
som e n atu ral a n d  a rtific ia l im m unom odulatory m echan ism s to 
elu cid ate the com plexity o f  these events, supporting th eir opin ion  
with experim en tal d ata . First they discuss Il-2 /solu ble 11-2 receptor 
system, w here attem pt w as m ad e to p resen t the regulatory role o f  
solu ble II-2R m olecu le. Next the au thors discuss the p roblem  o f  
target recogn ition  by NK cells. The p ossib le involvem ent o f  an  IFN  
gam m a-like m olecu le orig in atin g from  the target cell isproposed  to 
be o f  sign ifican ce.

K ljučne besede: lim fociti; in terlevkin  2 ; topni receptor z a  inter- 
levkin  2 ; celice NK; krom atografija

Izvleček — Izhodišča. N aravna im u n om odu lacija j e  eden  od  
bistvenih hom eostatskih p rocesov  v organizm u. N avadno teče 
sam odejn o, n an jo p a  lah ko  vplivam o tudi od  zu n aj, um etno. 
Im u n ski odziv  j e  p osled ica  in terakcij m ed elem en ti im unskega  
sistem a. Vpletene so celice, org an i in topni p ro izv od i v krvi in  
m edceličn in i. Ustrezni receptorji n a  m em bran i im unskih celic  in 
p rim ern i U gandi v m ed celičn in i om ogočajo učinkovito sp ora
zu m evan je zn o tra j im unskega sistem a. Za pren os sig n ala  od  
an tigen  predstavitven ih  celic  k  celicam , k i bod o ta  sig n al p rep o
z n a le  n a  sp ecifičen  n ačin  in g a  n a  kon cu  un ičile, so  p otrebn i 
p osebn o  org an iz iran i receptorji, k i loču jejo m ed lastnim  in tujim . 
Im u n ski odziv  lah ko  razdelim o v tri fa z e : začetn o, osredn jo in 
efektorsko. T akšna razdelitev  om ogoča enostavnejše razu m evan je 
zap leten ih  reakcij. O dkritje m olekul, k i posred u jejo  p r i p rep ozn a
vanju, om ogoča razu m evan je specifičn osti reakc ij in  p reteh ta 
n ega varnostnega m ehan izm a, k i on em ogoča u n ičen je an tigen  
predstavitven ih  celic  v efektorski fa z i . P ri tem  se odp ira  vprašan je 
sm iselnosti n av ed en e org an izacije v prim eru  zn otra jceličn e oku ž
b e z  m ikrobi, k i z a jed a jo  v an tigen  predstavitven ih celicah .

Metode in rezultati. Avtorji so op isa li dva eksperim en taln a p rim era  
p oseg an ja  v im u n ski sistem . V prvem  so posku sili vplivati na  
strn jevan je in iz ločan je 11-2. Iz  gojišča , v katerem  so g o jili s PHA 
spodbu jen e lim focite, so v osem urnih in tervalih  odstran jevali 
m oleku le topnega II-2R. Ta receptor n a j b i u ravn aval sin tezo novih  
m oleku l Il-2  tako, d a  se p ričn e m n ožin a Il-2, rastnem  gojišču  p o  
določen em  času  sam odejn o zm an jševati. Vzrok z a  n aveden o  
zm an jšan je n i zn an . A vtorji so predpostavili, d a  se Il-2  iz  go jišča  
veže s topn im i receptorji z a  11-2. K er vodi spodbu jan je m em bran 
skih  receptorjev z a  11-2 k  p ov ečan i sin tezi in sproščan ju  11-2, im a 
zm an jšan je m n ožin e Il-2  v oko lic i spodbu jen ih  celic  z a  p osled ico  
zm an jšan je sig n ala  z a  sin tezo 11-2 in  torej m anjšo m n ožin o 11-2 v 
su pem atan tu . O dstranitev m oleku l topnega 11-2 receptorja b i torej 
m orala  pov zročiti p ov ečan je m n ožin e 11-2, to p a  p ov ečan o  spodbu 
ja n je  m em bran skih receptorjev z a  11-2, in to p ov ečan o  m n ožin o na  
novo sin tetiziran ega in sproščen ega 11-2. V svojih posku sih  so uspeli 
zm an jšati m n ožin o topnih m oleku l II-2R v su pem atan tu , ven d ar 
se j e  istočasn o zm an jša la  tu d i m n ožin a 11-2.
V dm gem  p rim em  so p resku šali h ipotezo o  spodbu jevaln em  vplivu 
tarčn ih  celic  (K 5 6 2 ) n a efektorske ce lice  (ce lice  NK). P redpostavili 
so, d a  tarčn e celice  sin tetiz irajo  m em bran ske m olekule, k i se lah ko  
sproščajo tu di v gojišče, v katerem  se  ce lice  tarče razm n ožu jejo. Z 
m on oklon skim i protitelesi, u perjen im i p roti IT I, IT2, IFN a lfa  in 
IFN g am a, k i so zn a n i spodbu jevalci dejavn osti ce lic  NK, so 
p osku ša li zav reti spodbu jevaln o delovan je “stim u lacijskega fa k 
torja ” v su pem atan tu  n a d  celicam i K  562. To jim  j e  uspelo s 
protitelesi, uperjen im i proti IFN g am a.



Introduction
Enhancing or inhibitory regulation effects in the immune system 
are named immunomodulation. Immunomodulation is the consti
tutive element of the system. It is of natural origin. Without 
immunomodulation, the immune system will be rigid and, if 
exposed to harmful influences from the surrounding, very vulner
able.
Some principles of the immunomodulation are well known for a 
long time and of great use in prevention and healing of some 
serious infectious diseases like diphtheria, tetanus, small pox and 
others. Mechanisms of immunomodulation are still under exten
sive investigation. Knowledge from these studies should be used 
in proceedings of artificial immunomodulation.

Natural im munomodulation
The regulation patterns of the immune response are quite compli
cated and little understood. The statement of AM Moilin and AM 
Silverstein: “Regulation: The ultimate goal of immunophysiology” 
(1) is appropriate to stir up enthusiasm for studying immu- 
noregulation.
The immune response can be theoretically divided in three main 
phases: initial, central and effector phase (2). In the initial phase, 
antigen couples to the surface of antigen presenting cell (APC) in 
a non-specific way. In the central phase, the antigen is presented 
to the immunocompetent cells (lymphocytes) in a specific way. 
Lymphocytes recognise antigens bound to APC through specially 
designed receptors. Receptors of this kind have two main domains 
important for the recognition of an antigen: first recognising major 
histocompatibility complex class II (MHC II) structures and the 
second recognising antigen specific site. This double site receptors 
are named T cell receptors (TCR). Presence of an TCR on the 
membrane of immunocompetent cell is of tremendous impor
tance. Lymphocytes, helper cells, are activated when binding of 
TCR with the antigen on the APC occurs. This activation signal is, 
in normal circumstances, accompanied by other signals. Some of 
the signals are transferred by soluble molecules, lymphokines. For 
the activation of helper cells interleukin 1 (11-1) is of great 
importance. Activated helper cells are translating information on 
presence of an antigen to other lymphoid cells, communicating 
with them with other lymphokines (3), like interleukin 2 (11-2), 
interleukin 4 (11-4), interleukin 5 (11-5), interleukin 6 (11-6) and 
interferon gamma (IFNg). About hundred different molecules are 
recognised today to be relevant for the perfect function of the 
immune system. They are expressed on the surface of the cells 
involved, and released from them. Not only lymphocytes but also 
cells from the supportive tissue, endothelial cells of vessels and 
some organs constitutive cells are involved. After accepting the 
stimulatory signal, these cells differentiate and proliferate into the 
mature effector cells, which finally demonstrate their activity in the 
effector phase of the immune reaction. The effector phase is 
characterised with the production of specific antibodies, toxic 
mediators or cytotoxic action of specialised killer cells.
The most known molecules responsible for the modulation of the 
immune response are comprehended in groups of cytokines 
(soluble products of non-lymphoid cells), monokines (soluble

Zaključki. V prvem  prim eru  zaklju ču jejo  avtorji opis z  m nenjem , 
d a  m oleku le topnega II-2R n im ajo p ričakov an eg a  u ravn aln ega  
u čin ka, iz  d o sed a j opravljen ih posku sov p a  še n e m orejo izlu ščiti 
vzrokov, zaka j.
V drugem  prim eru  avtorji ugotavljajo, d a  celice tarče (K  56 2 ) 
sin tetizirajo m olekule, k i sp od bu jajo  efektorske celice (ce lice NK) k  
p ov ečan i učinkovitosti. O m enjene m oleku le so p o  svojih an tigen - 
skih  zn ačiln ostih  p od ob n e m oleku lam  IFN g am a.

products of monocytes and macrophages) and lymphokines 
(soluble products of lymphocytes, but not antibody molecules) (4, 
5). These molecules have their corresponding receptors on the 
immune response associated and the immune competent cells. 
They are of different construction. Basically, they have one more 
or less specific site able to bind to the specific region of the 
receptor molecule, and another non-specific site of importance for 
the constitutive effect of the effector molecule. Receptors are 
usually composed of the external, for the ligand specific part, part 
anchored in the membrane, important for the signal transmission 
from the specific region to the intracellular region, and intracellular 
part which activates intracellular activation molecules. Although 
the receptors are specific to the certain kind of cytokine, there are 
similarities between some of them. This results in cross-reactivity 
with several other activating molecules. The phenomenon is 
known as the pleiotropic activity of the communication molecules 
of the immune regulation system (6).

Scheme 1. Self-am plifying m echan ism  o f  11-2synthesis a n d  release, 
con trolled  by bin din g o f  ow n a n d  fo reig n  11-2 to solu ble II-2R  

(m od ified  a n d  im proved fro m  10).

One of the best known couples of activating and accepting 
molecules is the I1-2/I1-2R (R for receptor) system (7, 8, 9). 
Activating molecule (11-2) is synthesised by activated T lympho
cytes. It is a single polypeptide of Mr 15,420 constituted of 133 
aminoacid residues when secreted (10). The 11-2 molecule acts on 
its targets in a sense of an growth factor. To be effective, it should 
couple to the I1-2R molecule. The I1-2R molecule is expressed on 
activated T-lymphocytes, B-lymphocytes, thymocytes, macro
phages and natural killer cells (NK cells). Resting cells do not 
express I1-2R. Nine hours after activation of the cell, it is expressed 
on the membrane (11). Its expression peaks between 48 and 72 
hours (12). I1-2R is constructed of two polypeptide chains, a 
smaller (Mr 55,000) alpha chain and a bigger (Mr 75,000) beta 
chain. Beta chain of 11-2 receptor is called intermediate affinity 
receptor and represents 90% (30,000 to 60,000 molecules per cell) 
of the I1-2R molecules expressed on activated T lymphocytes. The 
alpha chain, or low affinity receptor, is present on the membrane 
only if associated with beta chain, constructing 11-2 high affinity 
receptor (10% or 2,000 to 4,000 molecules per cell). Beta chain 
binds 11-2 slowly but retains it longer than alpha chain, alpha chain 
binds 11-2 rapidly but releases it quickly. When both chains are in 
the complex, they bind 11-2 quickly and release it slowly, giving the



cell opportunity to receive the signal from 11-2 molecule. Beta 
chain mediates the signal, while alpha chain helps in binding the 
ligand (10). The alpha chain contains a specific portion recognised 
by anti-Tac monoclonal antibody. The alpha chain can be released 
from the membrane and found in the extra cellular fluids as the 
soluble I1-2R with, perhaps, important regulatory properties. 
Recently the gamma chain of the I1-2R was discovered (13, 14). 
This chain (Mr 64,000) facilitates binding of 11-2 to beta chain.

Artificial im munomodulation
Great effort was made in recent years to transfer the knowledge 
of immunomodulatory mechanisms to medical praxis (15). But its 
application in therapeutical approaches did not bring any great 
success, contrary to what was expected.
In our laboratory, experiments were performed to elucidate the 
role of soluble I1-2R in regulation of 11-2 release. We proposed, that 
soluble I1-2R form binds, though with low affinity, enough 11-2 to 
restrict its binding to high affinity receptors on the membrane of 
activated lymphocytes, if they are already saturated with 11-2. 
Because of the property of the alpha chain to release bound 11-2 
molecules only slowly, it remains unavailable for high affinity 
receptors, when they are able again to bind 11-2. This way it 
suppress the activation of I1-2R bearing cells and the production 
of new 11-2 molecules. The end result is then a stop of the immune 
response.
We prepared a CNBr activated Sepharose gel coated with anti
bodies against soluble I1-2R molecules (anti-Tac). With the use of 
this gel, soluble I1-2R molecules could be removed from the 
supernatant of the activated T-lymphocytes in cell culture. After 
such an treatment of supernatant the soluble I1-2R should not be 
available any more for binding of 11-2, but the 11-2 would be 
available to bind to the membrane bound receptor. This way 
positive activation loop for the production of 11-2 would be 
constructed, and a constantly increasing amount of 11-2 in the 
supernatant expected.
The results presented in Fig. 1 give the information on the 
dynamics of I1-2R and 11-2 changes in our system. The concentra
tion of 11-2 normally increases in the first 48 hours after PHA 
stimulation of lymphocytes in culture, and after 48 hours begins to 
decrease by itself. The dynamics of I1-2R increase is different from 
that described for 11-2. U-2R concentration increase rapidly for 40 
hours when the increase becomes slower, but it is still evident after 
72 hours. After chromatography on the anti I1-2R gel, the dynamics 
is different. I1-2R molecules were bound to anti Tac antibodies on 
CNBr activated Sepharose and efficiently removed from the 
applied supernatant every time when the supernatant was chro
matographed, which was not the case with the control super
natant, which was chromatographed over a “blind” (BSA) column. 
In the same supernatants, also the concentration of 11-2 was 
measured. Its concentration was measurable only at the beginning 
of the experiment, but as the chromatographic procedure con
tinued it was almost undetectable. The results were the same 
whether the anti-Tac-or BSA-loaded column was used. The 
disappearance of 11-2 was explained in two ways: first with the 
proposition that 11-2 binds to the I1-2R molecules bound to gel, 
second that it binds also to free, with anti-Tac or BSA non-occupied 
spaces of CNBr Sepharose gel (12).
The results presented are indicative for the conclusion that the 
significance of the soluble I1-2R in regulation of 11-2 synthesis and 
its release is not substantial. But perhaps the findings will be of 
interest in some diseases where defect of the I1-2R gene exist. This 
defect results in 5 to 10 times bigger amount of U-2R in the serum 
of the patient. If the correlation between pathogenicity and 
concentration of I1-2R will be found, our experiment procedure 
could be of value for therapeutica treatment of such disease (16). 
In the experiments described next, the possibility to influence the 
activity of natural killer (NK) cells was studied. NK cells are able

Fig. 1. The 11-2 a n d  II-2R con tain in g  su pern atan t over con tin u 
ously grow ing PH A -stim ulated prim ary  hu m an  lym phocyte cu l
ture w as ap p lied  every 8  hou rs to anti-Il-2R  o r  BSA -coated CNBr 
activ ated  Sepharose gel. C hrom atographed su pern atan t w as then  
retu rn ed to the orig in al cell cu lture fla s k  a n d  grow ing o f  lym pho
cytes con tin u ed  fo r  an oth er 8  hours. The process w as rep eated  every 
8  hou rs fo r  72 hours. P an el A: T im e-dependent chan ges o f  Il-2  
con cen tration s in su pern atan t o f  a  n orm al PH A -stim ulated lym 
p h ocy te culture. P an el B : T im e-dependent chan ges o f  Il-2  con cen 
tration s in the sam e su pern atan t a fter chrom atography on an ti- 
Tac o r B SA -coated CNBr Sepharose. P an el C: T im e-dependent 
chan ges o f  II-2R con cen tration s in su pern atan t o f  a  n orm al PHA 
stim u lated  lym phocyte culture. P an el D: T im e-dependent chan ges 
o f  II-2R con cen tration s in  the sam e su pern atan t a fter  chrom ato

graphy on  an ti-T ac o r  BSA -coated CNBr Sepharose.

to kill tumour cells without prior sensibilization. Tumour cells 
differ in their susceptibility for NK cells attack, K 562 cell line being 
the most susceptible in the human system. How NK cells are 
triggered to kill tumour cells is still under investigation (17,18,19). 
Different possibilities were discussed in the past. One of them 
proposes the presence of a specific receptor. The receptor was 
actually found several years ago and named T9 receptor (2, 20). 
Until now, this receptor was not isolated or characterised. Based 
on this proposition, it can be shown experimentally, that priming 
of freshly isolated NK cells with K 562 cells stimulates the former 
to be more effective in killing fresh K 562 targets (17). We tried to 
find out whether the supernatant over the K 562 cells growing in 
the culture had the same priming activity. If that were the case, the 
“stimulating” receptor molecule in a soluble form could be 
postulated, and perhaps isolated from the supernatant, and then 
used as an NK cells activating factor.
We grew K 562 cells in optimal culturing conditions until they 
began to deteriorate. This happened normally on day 5 to 7. The 
supernatant was then separated from the cells with decantation 
and centrifugation at 500 g for 10 minutes. Supernatants were 
frozen at -20°C and used after thawing in subsequently described 
experiments.
Addition of already mentioned supernatant to freshly isolated 
human lymphocytes for 20 hours resulted in a dose-dependent 
increase of NK cells mediated killing activity of K 562 targets. This 
stimulatory activity was present in most of the tested supernatants



DILUTION OF ANTIBODIES
Fig. 2. The K 5 6 2  cells w ere grow n in  optim al cu lturing con dition s 
until they began  to deteriorate. Supernatant w as co llected  an d  
u sed fo rN K  cell stim ulation . D ifferen t portion s o f  the sam e super
n atan t w ere treated  with m on oclon al an tibod ies ra ised  again st 
Il-l, 11-2, IFN alpha a n d  IFN gam m a. The NK cells activity test with 

51 Cr lab elled  K  56 2  target cells w as p erform ed .

but not in all. Activity was the most pronounced if supernatants 
were prepared as described above; if they were centrifuged at
10.000 g for 30 minutes, the activity was decreased or lost. This 
results are indicative for the opinion that the “stimulating” factor 
is a part of the cell membrane. To further characterize our 
“stimulator” factor, we compare its activity to already established 
NK cell stimulating molecules like Il-l, 11-2, IFN alpha and IFN 
gamma. The testing was performed using a thymocyte test. 
Recombinant human 11-2 was used as a positive control. It was 
found that investigated supernatant has an 11-2 like activity. To 
point out the factor responsible for the stimulating activity, we 
performed blocking experiments with monoclonal antibodies 
raised against Il-l, 11-2, IFN alpha and IFN gamma. All of the 
antibodies used were able to block the activity of the supernatant 
in the thymocyte test. To obtain a more relevant information, the 
blocking experiments were performed using also an NK test. In 
that case, the dose-dependent inhibition of stimulation was 
observed with anti-IFN gamma antibodies (21), while the other 
antibodies were without effect (Fig. 2).
Though the experiments performed are not completed yet, we 
have reasons to believe that K 562 cells posses a membrane-bound 
molecule involved in the recognition and stimulation processes of 
NK cells. Our data are an additional argument for the opinion that 
an active interchange reaction takes place between effector and 
target cells, which results in stimulation of effector cells and, 
afterwards, deterioration of target cells.

Conclusion
The immune response is highly sophisticated and well-regulated 
physiological process. The regulatory mechanisms are not totally 
elucidated yet, but with isolation and characterisation of signal 
molecules, especially lymphokines, there is more and more 
understanding about them. Although the investigators are still

completing the data, attempts are made to use the known data in 
constructing effective, therapeutically usable protocols. Manipu
lation of naturally occurring regulatory events on the experimental 
level is shown and discussed above in order to give more 
information on possibilities to influence the immune response 
with immunomodulation in disease.
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Abstract — Background. N atural k iller cells com prise a  lym phocyte 
su bpopu lation  a b le  to k ill tum our o r  viru s-in fected  cells spon ta
neously, w ithout p r io r  sensitisation . NK cells k ill th eir targets in a  
w ay that d iffers su bstan tially  from  that o f  T lym phocytes. W hile 
cytotoxic T lym phocytes recogn ise foreig n  m o lecu les- an tigen s on  
target cells, NK cells on  con trary k ill th eir targets, i f  certain  s e lf 
m olecu les a re  absen t fro m  the cell su rface o f  the target cell. HLA 
m olecu les serve a s  “s e lf ” m olecu lar signals, that a re  ch ecked  byN K  
cells. IfN K  cells fin  targets that d o  not express an  appropriate set o f  
HLA m olecules, the killin g m echan ism  ofN K  cells is activated .

Conclusions. Very few  d a ta  a re  av a ilab le abou t a  c lin ica l sign i
fic a n c e  o f  that m echanism s, but the role in post-tran splan tation  
im m une events m ight b e to reconsider.

NK cells
In 1975 Herberman and co-workers described a subpopulation of 
white blood cells able to kill tumour cells “in vitro”. The observa
tion was unexpected because the killing happened without prior 
immunisation with the tumour cells. The capability of white blood 
cells to spontaneously kill tumour cells was termed “natural 
cytotoxicity” (1), and cells capable of natural cytotoxicity were 
defined as natural killer cells (NK cells).
In a subsequent studies Timonen (2) found out that the pheno
mena of natural cytotoxicity was mediated by a morphologically 
distinct lymphocyte subpopulation. Cells were distinguished from 
typical lymphocytes by a higher amount of cytoplasm, that 
contained azurophilic granules. Because of a distinct morphology 
cells were named “large granular lymphocytes” (LGL cells). 
Several functions of NK cells were determined “in vitro”: killing of 
tumour and virus-transformed cells, lymphokine synthesis, the 
regulation of heamatopoesis and the rejection of an allogenic 
transplant (4). However NK cell function in vivo is poorly defined. 
Natural cytotoxicity was first described in humans and mice. Later 
it was described in many other vertebrates as well as in lower 
species, e.g. worms. Thus, it can be concluded that natural 
cytotoxicity is evolutionary very old.

K lju čne besede: celice NK; tum orske celice; m ehan izm i u bijan ja ; 
aloreaktivn ost

Izvleček -  Izhodišča. C elice n aravn e u bija lke (ce lice  NK) so 
podvrsta lim focitov, k i so zm ožn i u bijati tum orske a li z  virusi 
oku žen e ce lice  b rez  p red h od n e im u n izacije. Ugotovili so, d a  celice  
NK izb ira jo  svoje “žrtve” n a bistveno dru gačen  n ačin  kot lim fociti
T. M edtem  ko lim fociti T  n a  oku žen ih  in tum orskih celica h  p re 

p ozn av a jo  organ izm u tu je m oleku le -  antigene, c e lic e  NK na  
oku žen ih  in  tum orskih celicah  p rev erjajo  n avzočn ost n ekaterih  
organ izm u  lastn ih id en tifikacijskih  m olekul. O dsotnost takih  m o
leku l spodbu d i u bijalsko aktivnost celic  NK. Poskusi kažejo , d a  p r i 
človeku  m oleku le HLA prvega razred a  slu žijo kot takšn e id en 
tifikacijske m olekule. C elice NK p reverjajo n avzočn ost m oleku l 
HLA na celičn ih  površin ah . Če n aletijo  n a celice, k i n e iz raža jo  
ustreznih m oleku l HLA, take celice ubijejo.

Zaključki. K lin ičn i pom en  teh m ehan izm ov še n i ja sen , gotovo p a  
bo p otrebn o preveriti n jihovo vlogo p r i im unskih pojav ih , k i sprem 
lja jo  p resad itev  organov.

The origin and developm ent of NK cells
NK cells are formed from precursor cells in bone marrow. After 
bone marrow allogenic transplantation it is possible to detect NK 
cells of donor origin in the blood (5). Cells with the NK activity 
were detected in “in vitro” bone marrow cultures (6). Upon 
maturation in bone marrow NK cells are released in the blood. 
Their life span is not determined. “In vitro” labelled and injected 
NK cells persisted in the circulation from few days to several 
months (3).

Cytotoxic activity of NK cells
Cytotoxic activity of NK cells is measured by incubating NK cells 
with tumour target cells, labelled with a radioactive chromium. 
After 3-4  h incubation period, the radioactivity released from 
damaged tumour cells is measured (1). The released radioactivity 
is proportional with a NK ability to kill tumour cells.
NK killing can be distinguished into three phases. First the 
conjugate between NK cell and tumour cells is formed. Surface 
molecules on the NK cells (LFA-1 -  CD lla/CD 18 and CD2) and 
ligands (ICAM-1 [CD 54] and LFA-3 [CD 58] on the target cells 
participate in the conjugate formation. The conjugate formation is 
a necessary but not sufficient step of NK killing. In the second step



NK cells must specifically recognize tumour from non-tumour 
cells. After recognition of tumour cells the non-specific lytic 
mechanism is initiated. In the third lytic phase, NK cells release the 
content of cytotoxic granules in target cells. Cytotoxic granules 
contain proteases and cell toxins. The action of perforin is well 
defined. By polimerasing in target cell membranes perforin forms 
transmembrane channels. That cause osmotic lysis of target cells. 
In contrast, some other cytotoxic proteins cause apoptotic death 
of target cells (3).
The most intriguing question to be answered is, how NK cells 
distinguish tumour from non-tumour cells. Numerous membrane 
proteins that influence NK lysis of tumour cells were reported. 
Most of them were found to act as adhesion molecules, enabling 
the formation of NK cell - target cell conjugate. However, so far no 
protein was described, that would mediate the specific recognition 
of tumour cells (7).

NK killing and histocom patibility 
molecules
An important step in understanding the mechanism of NK killing 
was an observation that some tumour cells have a decreased 
expression of MHC molecules compared to non-tumour cells of 
the same origin. Furthermore it was shown that decreased MHC 
molecules expression make tumour cells more susceptible to NK 
lysis. For example, interferon by enhancing the expression of MHC 
molecules in tumour cells makes them more resistant to NK lysis 
(8). Thus it can be concluded that NK cells do not recognise foreign 
molecules (antigens) on target cells. Instead they recognise distinct 
“self’ molecules, that serve as identification molecules of indivi
duals normal cells. The presence of appropriate self identification 
molecules inhibit the NK killing ability. However if target cells do 
not express appropriate self molecules, NK cells recognise and kill 
their targets (9).
NK cells are able to kill not only tumour cells but also non-tumour 
cells of other individuals (allogenic killing) (10). Allogenic killing 
can be explained by the variability of self molecules among 
individuals. According to this hypothesis each individual has a 
unique variant of identification molecules, recognised by self NK 
cells. Allogenic killing is not possible between individuals express
ing the same identification molecules. The opposite would hap
pen if identification molecules in two individuals are not the same. 
Extensive genetic studies revealed, that identification molecules, 
recognised by NK cells, are located on the sixth chromosome in 
the area of histocompatibility genes (11, 12).
In our work we studied the role of HLA molecules in NK killing. 
For that purpose B cell lines with defective HLA molecules 
expression were prepared. We suggested that cells, resistant to NK 
cell lysis, would become susceptible to lysis, if they lost the 
identification molecules expression.
In experiments we used B cell lines with a defined HLA haplo- 
types. Mutants with defective HLA expression were prepared by 
irradiating cells with gamma rays and selected with distinct anti- 
HLA antibodies. We observed that cells defective in HLA Cw3 
expression lost the resistance to NK lysis and concluded that HLA 
Cw3 molecules served as identification molecules, that inhibit NK 
cells killing ability. Mutated target cells, that lost the ability to 
express HLA Cw3 molecules, became susceptible to lysis by NK 
cells as well (13).
To confirm our observation we used target cells, susceptible to NK 
lysis. We tested if transfer of HLA Cw3 gene make cells resistant 
to NK lysis. We used mouse tumour target cells P815 as a model. 
Those cells are normally susceptible to lysis by human NK cells. 
As we suggested, the transfected cells became resistant to NK cell 
lysis (13).

The m echanism s of NK killing regulation 
by HIA m olecules
The experiments indicate that HLA molecules, besides their role in 
antigen presentation to T lymphocytes, also play a role as 
identification molecules for NK cells. HLA molecules are ex
pressed on all nucleated human cells. Their presence on cell 
surfaces indicate a cells resistant to NK cells, while the absence of 
HLA molecules indicates that target cells are changed. This is a 
signal for NK cells to kill such targets. The mechanism is extremely 
important in viral infections. Viruses often inhibit HLA molecule 
synthesis in infected cells. Because only HLA molecules are able 
to present viral antigens to T cells, ceils with suppressed HLA 
synthesis become invisible for T cells. However, such cells are 
recognised as foreign by NK cells (9, 10). Tumour cells have a 
decreased expression of HLA molecules in order to escape the 
immune control mechanisms. NK cells may be appropriate pro
tective mechanism.
There are still many questions about NK cells recognition mecha
nisms. During maturation in bone marrow NK cells must be 
instructed to recognise HLA molecules of an individual as self 
identification molecules. The mechanisms of such instructive 
phase are completely unknown yet. The selection process, similar 
to tymic T cell selection, might take a place. However, no 
experimental data are available up to now.
How NK cells recognise HLA molecules on target cells? NK cells 
do not have antigen receptors and some other receptor molecules 
must react with HLA molecules on target cells. It is not known, how 
such receptors distinguish distinct variants of HLA molecules. This 
question has also a practical implication: Can HLA tissue typing 
prevent the NK cell reaction against the grafted tissue? How 
important can be anti-graft NK cell reaction? In mice model it was 
shown, that NK cells mediate a rejection of a bone marrow 
transplant. The phenomenon is called a hybrid resistance. In 
hybrid resistance the heterozigote descendant for histocompati
bility genes (A x B) FI reject the bone marrow transplants of both 
homozygote parents (parent A and parent B) (4). The rejection is 
not due to the classic mechanisms of graft rejection. Because the 
heterozigote descendant express both sets of histocompatibility 
molecules, tissue of both parents is tolerated by T lymphocytes. It 
was shown that the hybrid resistance depends on the presence of 
NK cells. By use of monoclonal antibodies it is possible to deplete 
NK cells in the mice. The depletion of NK cells prevents the hybrid 
resistance. It is likely that NK cells of heterozygous descendant are 
instructed for the recognition of both fathers and mothers histo
compatibility molecules. Bone marrow cells of each parent contain 
only one set of histocompatibility molecules and lack the other. 
Since no parental cells express all identification molecules used by 
descendants NK cells, the killing mechanisms are activated.

Conclusions
NK cells distinguish between self and non-self in a way, different 
from T lymphocytes. T  lymphocytes kill if they recognise foreign 
molecules on target cells. On the other hand, NK cells attack if they 
do not recognise distinct normal, self molecules on target cells. 
Experiments demonstrate that HLA molecules serve as identifica
tion molecules' for NK cells. Very few data are available about a 
clinical implications of that finding. However it will be important 
to elucidate the role of NK cells in transplantation events.
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Abstract — Background. Cytokines a re  sm all, secreted  protein  
m ediators that a c t a s in tercellu lar com m u n icators betw een va
rious cells o f  the im m u n e system  a s w ell a s betw een these a n d  other 
cells o f  th e organ ism . They a re  m ostly syn thesized  a n d  secreted  by  
the activ ated  cells o f  the im m une system . C ytokine synthesis is 
regu lated  by d ifferen tiation  o f  cells into variou s cytokin e secreting  
phenotypes, a n d  by selective activation  o f  d ifferen t types o f  cells to 
p rod u ce th eir ch aracteristic cytokines. From  the p o in t o f  view  that 
they a re  n atu ral im m une response m odifiers it is very im portant to 
know  how  the regu lation  o f  their synthesis a n d  secretion  occurs. 
E specially o f  interest a re  the d ifferen ces betw een  n orm al a n d  by 
d isease o r  therapry a ltered  im m une system . D ue to the com plexity  
o f  the cy tokin e netw ork, it is d ifficu lt to fo llo w  a n d  in flu en ce 
cytokin e prod u ction  in vivo, therefore, in vitro ap p roach  to this 
p roblem  is m uch m ore frequ en tly  presen ted .

Methods. The au th or stu d ied  m od ification s o f  the prod u ction  o f  
in terleu kin -1 a  (I l- la ) , interleukin-1  P (Il-l P9 a n d  in terleukin  
(11-2) in hu m an  p erip h era l b lood  m on on u clear cell (MNC) cu l
tures. MNC w ere isolated  fro m  the b lood  o f  d ifferen t groups o f  
donors: h ealthy  volunteers, p atien ts with G raves' d isease (au to
im m une hyperthyreosis- AH) p r io r  to treatm en t a n d  p atien ts a fter  
kidn ey tran splan tation  receiving im m unosuppressive therapy  
(1ST) w ith C yclosporin A (CsA) a n d  corticosteroids. MNC in the 
cultures w ere activ ated  with d ifferen t am ounts o f  m itogen ic lec
tins, con cariav alin  A (ConA ) a n d  phytohem agglutin in  (PHA), 
a lon e a n d  in  com bin ation  with p h orbo l m irystate a ceta te (PMA). 
F ou r m odes o f  MNC stim ulation  w ere u sed in  the experim ents: 
ConA, PHA, ConA&PMA with PHA&PMA. At the en d  o f  the 
in cu bation  the con cen tration  o f  cytokines in cell cu lture super
n atan ts w as estim ated  by radioim m u n oassay (RIA).

Results. V arious responses in  cytokin e prod u ction  to d ifferen t 
activation  m odes w ere fo u n d  am ong the three groups o f  b lood  
donors. Not on ly qu an titative d ifferen ces but a lso  d ifferen t cyto
k in e p rod u ction  p attern s related  to the ce ll origin  w ere detected. 
S ign ifican t d ifferen ces in  the quantity o f  the produ ction  o f  I l- l a  
a n d  IT 2 w ere fo u n d  in both groups o fp atien ts w hen com pared  with 
the p rod u ction  in  the healthy  group.

Conclusions. The com bin ation  o f  PHA a n d  PMA w as the m ost 
appropriate stim ulation  m ode in the grou p o f  healthy  donors. But is 
w as not p ossib le to overcom e the effect o f  in  vivo im m unosuppres
sion  o f  1ST p atien ts MNC stim u lated  in vitro with PHA a n d  PMA. In  
the ca se  o f  AH, an  appropriate stim ulation  is very im portant fo r  
dem onstrating the ab ility  o f  MNC to p rod u ce excessive am ounts o f  
cytokines, especially  11-2, w hich p robab ly  reflects the involm ent o f  
this cytokin e in the p rocesses o f  d isease progression .

Ključne besede: in terlev k in -la ; in terlevkin -l§ ; in terlevkin -2; 
lim fociti T; im unosupresija; avtoim u n ska h ipertiroza

Izvleček — Izhodišča. C itokin i so topn i d ejav n iki beljakov in ske 
n arav e m an jše m oleku lske m ase, k i sodelu jejo p ri kom u n iciran ju  
m ed različn im i celicam i im unskega sistem a ter m ed  le-tem i in  
celicam i drugih organ skih sistem ov v organizm u. P retežn o jih  
sin tetiz irajo  in iz loča jo  aktiv iran e celice im unskega sistem a. Urav
n av an je n jihove sin teze p o teka  n a  en i stran i z  d iferen ciacijo  celic  
v fen otip e, k i iz loča jo  svoje zn ačiln e citokine, n a  dru gi stran i p a  s 
selektivn o aktiv acijo  celic, k i so zm ožn e iz ločati d o ločen e citokin e. 
S stališča, d a  so citokin i n aravn i m odu latorji im unskega odziva, 
j e  z e lo  pom em bn o vedeti, kako  p o teka  u ravn avan je n jihove sin teze 
in iz ločan ja . P osebno zan im iv e so raz like v u ravn avan ju  m ed  
im unskim  sistem om  zd ravega organ izm a in on ega s sprem en je
nim  delovan jem  im unskega sistem a -  bod isi z a ra d i bo lezn i a li 
z a ra d i im u n om odu latom e terapije. Z arad i kom pleksnosti v d e
lovan ju  in  m edsebojnem  u čin kovan ju  c itok in ov jep rou čev an je teh 
m ehan izm ov in  vivo zapleten o, za to  j e  in  vitro pristop  n a  hu m a
nem  m aterialu  pogostejši.

Metode. A vtorica j e  p rou čev ala  m od ifikacije v izdelovan ju  inter- 
levkin a-1  a  (I l-l a ) , in terlevkina-1  P (I l-l P9 in in terlevkin a-2  (II- 
2 ) v ku lturah hu m an ih  m on on u kleam ih  celic  (MNC). C elice j e  
izo lira la  iz  venske krvi različn ih  darovalcev : zd rav i darovalci, 
boln ik i p o  presad itv i ledvice, k i so b ili n a im unosupresivnem  
zdrav ljen ju  s ciklosporinom  A (CsA) in  kortikosteroid i ter boln iki 
z  avtoim unsko hipertirozo (AH) p red  zdravljen jem . Za spodbu 
ja n je  celic  j e  av torica u p orabila  raz ličn e kon cen tracije m itogenih  
lektin ov kon kan av alin a  A (ConA) in  fitoh em ag lu tin in a  (PHA) 
sam ih  a li v kom b in aciji s forbolm iristatacetatom  (PMA) in  izb ra la  
štiri raz ličn e n ačin e spodbu jan ja: s  ConA, s  PHA, s ConA&PMA in  
s PHA&PMA. Po kon cu  in ku b acije j e  s cen trifu giran jem  ločila  
celice  o d  su pem atan tov, v katerih  j e  z  radioim u n skim i m etodam i 
(RIA) d o loč ila  kon cen tracijo  citokinov.

Rezultati. R ezultati so p o k a z a li raz like v odzim i MNC n a izbran e  
n ačin e sp od bu jan ja in vitro m ed  posam ezn im i sku pin am i. R az
lik e v izdelovan ju  citokin ov  so kvantitativne, oben em  p a  j e  op aziti 
tu di raz ličn e vzorce od ziv an ja  n a spodbu jan je g led e n a izvor 
MNC. S ign ifikan tn e raz lik e se p o jav lja jo  v MNC ku lturah boln ikov  
p r i izdelovan ju  I l - la  in Il-2 , č e  ju  prim erjam o z  izdelovan jem  obeh  
citokin ov  v MNC ku lturah zdrav ih .

Zaključki. K om bin acija PHA in PMA se j e  iz ka za la  z a  n aj
p rim ern ejši n ačin  sp od bu jan ja v op isan ih  eksperim entih. V endar 
ta n ačin  sp od bu jan ja MNC boln ikov  z  IST n i obšel u čin ka  im uno- 
supresivne terap ije in vivo. V prim eru  boln ikov z  A H pa j e  p rim em o  
sp od bu jan je z elo  pom em bn o, k er od krije sposobnost MNC za  
izd elov an je večjih  količin  citokinov, p osebn o 11-2, kot p a  MNC 
zdrav ih  darovalcev . To k a ž e  n a  m orebitno vpletenost 11-2 v n apre
d ov an je bolezn i.



The cytokines are important participants in immune events. Tim 
Mosmann defines them as a group of small, secreted protein 
mediators that act as intercellular communicators between various 
cells of immune system. From his point of view cytokines act 
mostly in immune compartment of the organism (1). On the other 
hand, Carl Nathan, another important investigator in this field, 
believes that the cytokine science has been progressing since the 
discovery of interferon in the fifties more or less separately in four 
different fields: immunology with interleukins, virology with 
interferons, hematology with colony-stimulating factors and cell 
biology with growth factors. Therefore, his definition of cytokines 
is more general and more suitable for the researchers of all four 
fields mentioned. He defines a cytokine as a soluble glycoprotein, 
nonimmunoglobuline in nature, released by a living cell of the 
host, which acts nonenzymatically in picomolar to nanomolar 
concentrations to regulate host cell function. Cytokines make up 
the fourth major class of soluble intercellular signalling molecules 
alongside neurotransmitters, endocrine hormones, and autacoids. 
The physiologic importance of cytokines is not lesser than that of 
other classes (2).
Cytokines are biological response modifiers acting as signal 
transducers between different cells of the organism, but to a great 
extent they may act between the cells of the immune system or 
between immune system and other organ systems in the organism. 
Studies with natural and recombinant cytokines revealed that most 
cytokines are pleiotropic and have multiple biologic activities with 
many cell targets which express their specific receptors (3). There 
is also considerable overlap of function between cytokines, and 
one of the best examples for this is the proliferation of T- 
lymphocytes which can be enhanced by 11-2, 11-4, 11-6, 11-7 and 
11-9. The cytokine network is very complicated and not at all 
explained in details. In Mosmann's opinion, the extraordinary 
complexity of the cytokine network is a defence against pathogen 
interference. Since microorganisms can evolve more rapidly than 
their mammalian hosts, it would be very difficult for any single 
immune mechanism to perform a given function without possibi
lity of microorganism interference. The strategy of multiple 
interlocking regulatory mechanisms offers extra assurance against 
this interference. It should be difficult for a pathogen micro
organism to evolve simultaneously several different agents that 
were able to interfere with all the necessary components of a 
complex interlocked system. Thus the complexity of the cytokine 
regulatory network may be a defence against pathogen inter
ference (1).
And which substances belong to the cytokines? In immunology, 
cytokine research was started in late sixties with the discovery of 
some soluble factors which were designated as lymphokines 
because it was thought that they were products of lymphoid cells 
functioning as signal transducers between these cells. Up to date, 
this term describes the cytokines produced by T-lymphocytes, 
merely T-helper, and they have a pivotal role in immune response 
regulation (4). The cytokines such as interleukin-1 (Il-l), tumor 
necrosis factor a  (TNF a )  and other products of macrophages are 
termed monokines. Soluble factors derived merely from the cells 
of nonleukocyte type, but displaying some effects on immune 
cells, are classified as cytokines (5).
Interleukin is another term in immunology which was introduced 
at one of the lymphokine conferences in 1979 in connection with 
Il-l and 11-2 to prevent confusion in nomenclature. This termino
logy has been preserved until now (6). In 1991, to prevent the 
overflow of new interleukins, the WHO subcommittee on inter
leukin designation published the criteria for such designation:
1. The molecule has to be purified, cloned and expressed. Its 
nucleotide and amino acid sequence should be different from any 
other molecule already described. Neutralising antibodies and 
known chromosomal location would be desirable.
2. The molecule has to be natural product of cells of the immune 
system, be known to mediate a potentially important function in 
immune responses, preferably more than only one simple func

tion, and moreover, the majority of the action should be in the 
immune system compartment, which is in this case defined very 
broadly to include leukocytes other than lymphocytes and mono
cytes as important participants.
3. If the molecule is a member of an already characterized family 
of molecules that have their major functions outside the immune 
system, it would be preferable to use the designation connected 
with that family.
4. The Subcommittee recommends the use of a well-chosen 
descriptive name whenever possible. A good example is TNF a  
(7).
There have been 13 interleukins described (8) until today, but 
nevertheless, Il-l and 11-2, even though discovered more than ten 
years ago, are still interesting molecules recently studied by many 
immunologists. Il-l is a cytokine responsible for mediating a 
variety of processes in host defence, inflammation and response 
to injury. Il-l may be grouped with TNF a , lymphotoxin and 11-6 
as factors mediating common effects. Although initially described 
as a product of activated macrophages (11), Il-l is now known to 
be produced by practically all nucleated cells in the organism. It 
is a cytokine with pleiotropic properties and has various biological 
activities. Il-l consists of two distinct but related molecules (Il-l a  
and Il-l (3), encoded by separate genes but sharing the same 
receptors, and as a consequence having similar biological proper
ties. The meaning of two distinct molecules has not yet been 
clarified. In the past it was thought that Il-l is a major costimulatory 
signal delivered by activated macrophages and other antigen- 
presenting cells to activate lymphocytes and to push them into the 
proliferation cycle. The up-to-date opinion is that other, mem
brane-bound molecules play a pivotal role in these events and 
Il-l stimulates the process though it is not essential (3, 12, 13). 
11-2 is secreted mainly by T-helper cells; the process begins 4-12 
hours following activation by binding of an antigen to the T-cell 
receptor and appropriate costimulation. Approximately at the 
same time, the high-affinity 11-2 receptor starts to emerge on the 
cell membrane of activated T cells, and after the binding of 11-2 to 
the receptor, the cells enter the proliferation cycle. The biological 
effects of 11-2, although originally defined on the basis of the T-cell 
growth, have expanded to include interactions with macrophages, 
activated B cells, NK-cells and other cytotoxic cells. It is a very 
important cytokine with a central role in a specific immune 
response to antigens (12-14).
Cytokine mediated immune and inflammatory responses can be 
modulated at two stages: at the activation of cytokine gene with 
the end consequence of cytokine secretion and at the effector 
phase involving cytokine-specific receptor interaction (1). From 
the point of view that the cytokines are natural immune response 
modifiers, it is very important to know how the regulation of their 
synthesis and secretion occurs. Especially of interest are the 
differences between normal and by disease or therapy altered 
immune system. Due to the complexity of the cytokine network, 
it is difficult to follow and influence cytokine production in vivo, 
therefore, in vitro approach to this problem is much more 
frequently used. Very often this kind of research is performed in 
mononuclear cell (MNC) cultures with MNC isolated either from 
peripheral blood or from lymphoid organs. MNC fraction is 
composed of lymphocytes and macrophages which are main 
participants in specific immune response to the antigen (15). 
Usually stimuli other then antigen are used in vitro to mimic natural 
specific antigen stimulation that occurs in the organism. Cytokine 
production as part of this process has been intensively studied 
since the discovery of their existence. T-lymphocytes are known 
to need at least two distinct stimuli to be activated. Mitogenic 
lectins deliver the signal through antigen specific T-cell receptor 
(TCR) which causes the phospholipid turnover, the signal trans
duction pathway common to many different cell types. With 
mitogen triggering TCR receptor, the natural activation of T cells 
with antigen is simulated. On the other hand, phorbol mirystate 
acetate (PMA) as a ligand of protein kinase C activates this enzyme.



This is a signal transduction pathway from the cell environment to 
the nucleus specially important for 11-2 production. With PMA we 
probably replace insufficient costimulatory signals delivered from 
antigen presenting cells (APC) and essentially needed in T-cell 
activation for proliferation and expression of effector functions. 
Monocytes are activated by PMA as a sufficient stimulus, and also 
by mitogenic lectins, but it is not clear whether they are activated 
directly or indirectly through activated T-helper cells (16-19). 
The aim of our work was to study different responses to various 
stimuli and the modifications of 11-1 a , 11-1 (3 and 11-2 production 
in human peripheral blood MNÇ cultures according to different 
cell origins. MNC were isolated from the blood of three groups of 
donors: healthy volunteers as a source of normal responding MNC, 
patients with Graves' disease (autoimmune hyperthyreosis -  AH) 
as a source of in vivo hyperactivated MNC and patients after kidney 
transplantation receiving immunosuppressive therapy (1ST) with 
Cyclosporin A (CsA) and corticosteroides as a source of in vivo 
suppressed MNC.

Materials and m ethods
MNC were isolated from the peripheral blood of six healthy 
volunteers, six patients receiving 1ST and six patients with AH by 
the centrifugation on Ficoll-Paque as described elsewhere (20). 
MNC were counted, calibrated to 1 x 10'6 cells/ml in RPMI 1640 
with 10% human AB serum and cultured for 24 hours at 37°C in 
atmosphere with 5% CO, and 95% humidity. Lymphocytes and 
combination with PMA. Four stimulation modes for each donor's 
MNC were chosen: 1) with ConA, 2) with PHA, 3) with ConA and 
PMA simultaneously, and 4) with PHA and PMA simultaneously. 
Activated MNC in the microcuitures secreted cytokines to the cell 
culture supernatants according to their ability to respond to 
different activation conditions. After that the supernatants were 
separated from the cells and kept frozen to await radioimmuno
assay (RIA) determination of cytokine concentration.
RIA determinations of cytokine concentrations were performed 
with RIA kits (Amersham, G. Britain) for Il-l a  and Il-l |3 according 
to the directions for use. 11-2 determination was performed with 
RIA reagents (Amersham, G. Britain) with a modification of the 
suggested method. The primary reaction reagents were diluted to
10,000 cpm for labelled 11-2 and to the final volume of 50 ml for 
11-2 antibodies. The duration of the primary reaction was 2.45 
hours at the temperature of 37°C. Amerlex-M antibodies (Amer
sham, G. Britain) were used for the primary reaction products 
separation in reduced amount (250 pi per tube). After the 
centrifugation, the tubes were placed into the magnetic separator, 
the supernatants were discarded and the radioactivity was mea
sured.
Statistical parameters i.e. mean value (X), standard deviations 
(DS), and significant differences between selected groups (Stu
dent's t-test) were computed using statistical package Microstat 
(Ecosoft Inc., USA). Graphs were drawn using scientific graph 
package Sigmaplot (Jandel Sc., USA).

Results
We compared Il-l a , Il-l |3 and 11-2 production in MNC cultures of 
three groups of donors. The Figures 1, 2 and 3 show the average 
production of the three cytokines in one group. Asterisk labels the 
significant differences in the production of a given cytokine in 
patient MNC cultures, if compared with normal production using 
the same mode of stimulation. The results presented by figure 1 
show that the production of Il-l a  is affected significantly by lectin 
mode of stimulation in both groups of patients, but it is completely 
restituted after combined stimulation in the group of 1ST patients, 
and significantly excessive in AH patients. Il-l P production 
pattern is similar in both patient groups presented by figure 2,

although we could not prove any significant differences because 
of great individual differences in the production. However, normal 
Il-l P production is more PMA-dependent than Il-l a  production. 
But evident differences between the effects of stimulation modes 
and between donor groups can be observed in the case of 11-2 
production (Fig. 3). It is apparent that healthy MNCs respond to the 
combined mode of stimulation (PHA and PMA) with massive 11-2 
production while it is significantly suppressed in 1ST patients. AH 
patients MNC stimulated with PHA and PMA react with a distinctive 
hyperproduction of 11-2, although the production in PHA stimu
lation mode is significantly lower if compared with normal 
production.

HEALTHY 1ST AH

Fig. 1. M ean valu es a n d  stan d ard  errors (X  ± SE) o f  III ot (fm ol/m l) 
in MNC cu ltures o f  h ealthy  don ors (n  = 6), 1STpatien ts (n  = 6 ) an d  
AH patien ts (n  = 6). MNCs w ere stim u lated  on  fo u r  d ifferen ts 
m odes: 1. w ith ConA, 2. w ith PHA, 3 ■ with ConA&PMA, 4. with 

PHA&PMA.

Sl. 1. Sredn je vrednosti in stan d ard n e n ap ake (X  ± SE) p ri 
izdelovan ju  I l- l a  (fm ol/m l)  v ku lturah MNC zdrain h darovalcev  
(n  = 6), boln ikov  z  1ST (n = 6) in boln ikov z  AH  (n  = 6). MNC sm o 
spodbu jali n a  štiri raz ličn e n ačin e: 1. s ConA, 2. s  PHA, 3■ s 

ConA&PMA, 4. s PHA&PMA.
* significant differences in comparison with healthy donors (p<0.05) 

signifikantne razlike pri primerjavi z rezultati pri zdravih darovalcih 
(p<0,05)

ConA concanavalin A 
konkanavalin A 

PHA phytohemagglutinin 
fitohemaglutinin 

MNC mononuclear cells
mononukleame celice

AH autoimmune hyperthyreosis (Graves' disease) 
avtoimunska hipertiroza

1ST immunosuppressive therapy (Cyclosporin A and 
corticosteroids)
imunosupresivna terapija (ciklosporin A in kortikosteroidi)

Discussion
The results of our experiments revealed the fact that the produc
tion of cytokines in vitro differs according to different origin of 
MNC and also to different modes of in vitro stimulation. We could 
detect not only quantitative differences but also different produc
tion patterns of cytokines examined in these experiments. Il-l is 
an interesting cytokine appearing in two different forms but their 
relationship to the role of Il-l in immune and inflammatory
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Fig. 2. M ean values a n d  stan d ard  errors (X  ± SE) ofIl-lf>  (fm ol/m l) 
in MNC cu ltures o f  h ealthy  donors (n  = 6), 1STpatien ts (n  = 6) a n d  
A H patients (n  = 6). MNC w ere stim ulated in fo u r  d ifferen t m odes: 
1. with ConA, 2. withPHA, 3. with ConA&PMA, 4. withPHA&PMA.

SI. 2. Sredn je vrednosti in stan dardn e n ap ake (X  ± SE) p ri 
izdelovan ju  Il-lfi (fm ol/m l) v ku lturah MNC zdrav ih  darovalcev  

(n  = 6), boln ikov  z  1ST (n  = 6) in boln ikov z  AH (n  = 6). MNC 
sm o sp od bu jali n a  štiri različn e n ačin e: 1. s ConA, 2. s PHA, 3- 

s ConA&PMA, 4. s PHA&PMA.
* significant differences in comparison with healthy donors (p<0.05) 

signifikantne razlike pri primerjavi z rezultati pri zdravih darovalcih 
(p<0,05)

ConA concanavalin A 
konkanavalin A 

PHA phytohemagglutinin 
fitohemaglutinin 

MNC mononuclear cells
mononukleame celice

AH autoimmune hyperthyreosis (Graves' disease) 
avtoimunska hipertiroza

1ST immunosuppressive therapy (Cyclosporin A and 
corticosteroicfs)
imunosupresivna terapija (ciklosporin A in kortikosteroidi)

responses has not been clarified yet (11, 21, 22). Our results show 
that the synthesis of II-1 a  and II-1 |3 is regulated differently.
11-1 a  production is stimulated by lectins and PMA costimulation 
shows additive effects in the cultures of healthy MNC. In the case 
of 1ST patients, we observe a strong lectin-dependent production 
suppression. We could explain this with the stimulation of 
macrophages by lectins via activated T cell, in our case strongly 
suppressed by the CsA. PMA directly triggers macrophages, which 
seem to respond normally. The same pattern is observed in AH 
patients, which is surprisin: normal or hyperproduction as seen in 
combined stimulation was expected.
In the case of 11-1 (3, the addition of PMA acts more synergistically 
on the production in the group of healthy donors when compared 
with Il-l a  production. But in the two groups of patients we could 
not prove significant differences in the production because of 
individually greatly varying production, which is reported also by 
other authors (23). From this point of view Il-l a  seems to be a 
more appropriate Il-l in vitro production marker.
Distinct differences observed in the case of 11-2 in vitro production 
in MNC cultures of three origins are consistent with the current 
knowledge about mechanisms of T-cell activation and drug- 
induced immunosuppression. It is evident that the T cell requires 
two pathways of activation, e.g. lectin stimulation, which triggers 
T-cell receptor and imitates antigen binding to this receptor, and

Fig. 3. M ean values a n d  stan d ard  errors (X ± SE) o f  Il-2  U x lO 2/  
m l) in  MNC cultures o f  h ealthy  don ors (n  = 6), 1STpatien ts (n  -  6) 
a n d  AH patien ts (n  = 6). MNC w ere stim u lated  in fo u r  d ifferen t 
m odes: 1. with ConA, 2. w ith PHA, 3■ with ConA&PMA, 4. with 

PHA&OMA.

SI. 3. Srednje vrednosti in  stan d ard n e n ap ake (X  ± SE) p r i 
izdelovan ju  11-2 U x 1 0 2/m l) v ku ltu rah MNC zdrav ih  darovalcev  
(n  = 6), boln ikov z  1ST (n = 6 ) in boln ikov z  AH (n  = 6). MNC sm o 
sp od bu jali n a  štiri raz ličn e n ačin e: 1. s ConA, 2. s  PHA, 3■ s 

ConA&PMA, 4. s PHA&PMA.
*  significant differences in comparison with healthy donors (p<0.05) 

signifikantne razlike pri primerjavi z rezultati pri zdravih darovalcih 
(p<0,05)
ConA concanavalin A 

konkanavalin A 
PHA phytohemagglutinin 

fitohemaglutinin 
MNC mononuclear cells

mononukleame celice
AH autoimmune hyperthyreosis (Graves' disease) 

avtoimunska hipertiroza
1ST immunosuppressive therapy (Cyclosporin A and 

corticosteroids)
imunosupresivna terapija (ciklosporin A in kortikosteroidi)

PMA costimulation, which activates protein kinase C pathway and 
probably imitates the coactivation of T cell through accessory 
molecules on the antigen-presenting cell membrane (17, 24).
But on the other hand, there are some new data revealed by our 
results which elucidate probably hyperactive T cell in autoimmune 
disease. In the case of PHA stimulation of AH patients MNC 11-2 
production was significantly lower when compared with “healthy” 
production. This so called “peripheral” 11-2 defect was already 
described in some other autoimmune diseases, and it was ex
plained with the exhaustion of T cells in vivo (25). But in our 
opinion the results obtained with the combined stimulation are 
more relevant because the situation in vivo, with an excess of APC, 
is simulated more closely. On the other hand, the combined 
stimulation reveals the ability of T-cells for hyperproduction of 
11-2, which has not yet been described in association with human 
autoimmune diseases. Two interpretations of this finding are 
possible: 11-2 is being hyperproduced either during the progres
sion of the disease and is involved in selfamplifying processes, or 
11-2 hyperproduction precedes the autoimmune disease and can 
be involved in abrogation of peripheral tolerance to autoantigens 
via breaking of clonal anergy and activation of autoreactive T-cell 
clones. This means the beginning of autoaggression and disease 
development.
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Abstract — Background. The neu trophil activation  pathw ays 
in clu de com plex chan ges in  ion ic con du ctan ces a n d  m em bran e 
p oten tial. These chan ges a re  con sid ered  to b e early  p aram eters o f  
the n eu trophil activation  process, how ever, th eir ex act fu n c tio n a l 
role is still u n clear. In  ou r study, an  ex tern al electric fie ld  that 
chan ges the neu trophil m em bran e p oten tia l w as u sed to assess the 
correlation  o f  the m em bran e p o ten tia l chan ges to the ox idative 
burst (O B) response.

Materials and methods. Venous b lood  w as taken  fro m  healthy  
adu lts a n d  fro m  the patien ts with ch ron ic gran u lom atou s d isease 
(CGD) w ithout an y  oth er m an ipu lation  to estim ate the neutrophil 
activation  m easu red  with lu m in ol-en h an ced  chem ilu m in escen ce 
(CL). P horbol m yristate a ceta te (PMA), chem otactic p ep tid e N- 

form ylm eth ion ylleu cy lphen ylalan in e (fMLP) a n d  calciu m  ion o- 
p h ore ionom ycin  w ere u sed fo r  in vitro activation  o f  th e OB. F or 
electric treatm ent, the PEC w as ap p lied  fo r  on e o r fiv e  m inutes 
through P t-Ir electrodes d irectly  im m ersed in  cell suspension. The 
tim e cou rse o f  the OB response o r  the CL levels before a n d  a fter  
treatm ent w ere chosen  a s the m ain  estim ation  values. The statisti
ca l sig n ifican ce w as an aly sed  by a  p a ir ed  Student's t-test.

Results. The PEC treatm ent in d u ced  n o sig n ifican t OB response in  
n orm al hu m an  neutrophils. The on e-m in u te PEC treatm ent a ffec t
ed  m ostly the ionom ycin- a n d  fM LP-stim ulated PMNs a n d  less 
PM A-stim ulated PMNs. The CGD PMNs exposed  to eith er fiv e -  
m inute PMA, PEC o r  com bin ed  PMA a n d  PEC treatm ent show ed  no 
sig n ifican t alteration  in  CL levels com p ared  to n on exposed  con trol 
PMNs. The CL levels o f  n orm al PMNs stim u lated  fo r  fiv e  m inutes 
with com bin ed  PMA a n d  PEC w ere 53%  h ig h er than  in PM A-alone- 
activ ated  neutrophils. H ow ever, the CL level o f  PM A -activated 
neutrophils in  calciu m  dep leted  m edium  w as on ly h a lf a s h igh as  
in n orm al calciu m  m edium . F ive-m inute activation  o f  the OB with 
PMA a n d  PEC in calciu m  dep leted  m edium  w as 13% h ig h er than  
in solely  PM A-treated PMNs.

Conclusions. PEC a ffects stim u lated  response in n orm al PMNs. A 
close association  betw een m em bran e p oten tia l chan ges a n d  OB 
w as dem onstrated, how ever, these chan ges a re  not a  trigger in  
sign al transduction , sin ce there w ere no sig n ifican t chan ges in  the 
n eu trophil CL level a fter PEC treatm ent. The PEC p referen tially  
affects calciu m -depen den t activation  with ionom ycin  a n d  fM LP 
rath er than  activation  with PMA w here calciu m  is n eed ed  bu t not 
absolu tely  n ecessary fo r  OB response. The PEC effect is closely  
related  to cellu lar calciu m  m obilisation , sin ce depletion  o f  ex tra
cellu lar calciu m  highly suppressed the PEC effect.

K ljučne besede: aktiv acija ; m em bran ski p oten cia l; p u lzn i elek 
tričn i tok; k a lc ij; kron ičn a gran u lom atoza

Izvleček — Izhodišča. A ktivacijske p o ti n evtrofilca vključujejo  
obsežn e sprem em be ion skih  prevodn osti in m em bran skega p oten 
c ia la . Te sprem em be so zgodn ji param etri ak tiv acije nevtrofilca, 
ven dar n jihova fu n kc ijska  vloga še n i po jasn jen a . K er j e  zn an o, 
kako  se sprem en i m em bran ski p o ten c ia l okrog le celice, kot je  
nevtrofilc v zu n an jem  električn em  polju , sm o u p orab ili p u lzn i 
električn i tok, d a  b i o cen ili p ovezavo sprem em b m em branskega  
p oten cia la  z  oksidativn o eksplozijo.

Materiali in metode. Vensko kri zdrav ih  odraslih  in boln ikov s 
kron ičn o gran u lom atozo brez  druge obd elav e sm o u porabili z a  
ocen itev  ak tiv acije nevtrofilca, k i sm o jo  m erili z  lum inolom  
o ja čan o  kem ilu m in iscen co (CL). Za in  vitro aktiv acijo  oksidativne 
eksp lozije (O B) sm o u porabili fo rb o ln i m iristat aceta t (PMA), 
kem otaktičn i p ep tid  N -form ilm etion illevcilfen ilalan in  (fMLP) in  
kalcijev  ion o for ion om icin . Za tretiran je s  tokom  sm o u porabili 
en o- a li p etm in u tn i tretm a s pu lzn im  električn im  tokom  (PEC), k i 
sm o g a  p riv ed li s P t-Ir elektrodam i, n eposredn o potop ljen im i v 
suspen zijo celic . Z a ovredn oten je ak tiv acije sm o s i izb ra li časovn i 
p otek  oksidativn e eksp lozije in  raven  kem ilu m in iscen cep red  in p o  
tretiranju . S tatistično zn ačiln ost raz lik  sm o iz raču n a li s  parn im  
t-testom  p o  Studentu.

Rezultati. T retiranje s pu lzn im  električn im  tokom  n i izzvalo oksi
dativn e eksp lozije v n orm aln ih  hu m an ih  n evtrofilcih . Enom inut
no tretiran je j e  vplivalo n a jbolj n a nevtrofilce, stim u liran e z  
ion om icin om  in  fMLP, m an j p a  n a  s PMA stim u liran e nevtrofilce. 
N evtrofilci boln ikov  s kron ičn o gran u lom atozo, izpostavljen i p et
m inutnem u tretiran ju  s PMA, PEC, a li PMA in PEC se n iso odzvali 
z  n oben im i zn ačiln im i sprem em bam i kem ilu m in iscen ce vprim er
ja v i z  n eizpostavljen im i kon troln im i celicam i. R aven kem ilu m i
n iscen ce n orm aln ih  nevtrofilcev, stim u liran ih  p e t m inut s kom bi
n acijo  PMA in  PEC, j e  b ila  53%  višja, ko t j e  b ila  raven kem ilu m i
n iscen ce sam o s PMA aktiv iran ih  nevtrofilcev. K em ilum in iscenca  
s PMA aktiv iran ih  nevtrofilcev v m ediju, k jer k a lc ij n i b il navzoč, 
j e  b ila  sam o p o lov ica  tiste, k jer so b ili n evtrofilci v m ediju  s 
fiz io lo šk o  kon cen tracijo  ka lc ija . P etm inutna aktiv acija  oksid a
tivne eksp lozije s  PMA in PEC v m ediju, k jer k a lc ij n i b il navzoč, p a  
j e  b ila  sam o 13% višja kot p r i sam o s PMA tretiran ih  nevtrofilcih.

Zaključki. P u lzn i električn i tok vpliva n a  spodbu jen  odziv  v 
n orm aln ih nevtrofilcih . D okazan a j e  b ila  tesn a p ov ezav a m ed  
sprem em bam i m em bran skega p o ten cia la  in oksidativno eksplo
zijo, v en d ar p a  te sprem em be verjetno n iso sprožilec v pren osu  
sign ala, k er  n ism o op az ili zn ačiln ih  raz lik  v kem ilu m in iscen cip o  
tretiran ju  z  električn im  tokom . P ulzn i električn i tok predn ostn o  
p rizad en e o d  k a lc ija  odvisno aktiv acijo  z  ion om icin om  in fMLP, 
m an j p a  aktiv acijo  s  PMA, k jer j e  k a lc ij s icer  potreben , n e p a  
zahtevan  z a  oksidativn o eksplozijo. E fekt p u lzn eg a električn ega  
toka j e  tesno p ov ezan  z  m ob ilizacijo  celičn eg a  ka lc ija , k er je  
odstran itev zu n ajceličn eg a  ka lc ija  z elo  zm an jša la  vpliv toka.



Introduction
Polymorphonuclear leukocytes (PMNs, neutrophils) play a major 
role in the body's defence against harmful foreign pathogens, as 
evidenced by the often life-threatening infections acquired by 
patients with chronic granulomatous disease (CGD), neutropenia, 
leukemia, or congenital diseases affecting leukocyte structure and 
function (1). In order to perform this role. PMNs migrate from the 
circulation to sites of tissue damage or inflammation under the 
influence of chemoattractant factors produced by various humoral 
or cellular immunologic processes. Upon reaching those sites, 
PMNs phagocytoze and destroy microorganisms and damaged 
tissue with an array of microbicidal oxidants, proteolytic enzymes, 
and antimicrobial peptides. Under certain circumstances, the 
excessive or inappropriate release of these highly destructive 
agents can result in undesirable tissue damage, therefore, PMNs 
can also be considered the primary cellular mediators of patho
logic inflammation (2).
The process of neutrophil activation involves a variety of cellular 
responses, including cell shape changes, aggregation, phago
cytosis, granule enzyme secretion, and stimulation of the oxidative 
burst (OB). The OB is mediated by a membrane-bound NADPH 
oxidase, which generates superoxide anion (O20, the precursor of 
powerful microbicidal oxidants (2). All of these processes are 
dependent on a series of distinct events: (1) the binding of 
chemoattractant ligands by specific cell surface receptors, (2) the 
transduction of the binding event signal into an intracellular signal 
for cell activation, and (3) the stimulation (or inhibition) of the 
appropriate biochemical pathways that lead to neutrophil activa
tion.

Biochemical pathways of polymorphonuclear leukocyte 
activation

The stimulus-response pathways operating in the neutrophil OB 
have not been completely elucidated yet. One pathway may 
involve the hydrolysis of phosphatidylinositol bisphosphate (PIP ) 
by a receptor-linked phospholipase C (PLC) to give inositol 
trisphosphate (IP3), which mobilises intracellular calcium and 
diacylglycerol (DAG). Both activate protein kinase C (PKC), which 
has an important role in stimulating superoxide production by the 
neutrophil (3, 4). Recent evidence has indicated that inositol lipid 
hydrolysis is not the only source of DAG in activated cells. A 
number of agonists elicit functional responses in the absence of IP 
formation, or an increase in intracellular calcium (5). Furthermore, 
many of these responses are accompanied by raised DAG levels 
or increased phosphatidylcholine turnover (5). Tumor-promoting 
phorbol ester, phorbol myristate acetate (PMA) may substitute for 
DAG, and it activates PKC directly in the first phase which is 
followed by the activation of NADPH oxidase assembly (6), but it 
does not activate phosphoinositide-specific PLC (5). However, the 
subsequent phase of DAG production, which may be required to 
sustain the OB, is mediated by the action of a phospholipase D on 
phosphatidylcholine coupled with phosphatidate phosphatase. 
Furthermore, a large part of the DAG formed in chemotactic 
peptide N-formylmethionylleucylphenylalanine (fMLP) stimulat
ed PMNs results from the activation of the receptor-linked phos
pholipase D (5). The operation of these pathways, which indicates 
the increased DAG levels, however derived, and subsequent PKC 
activation are involved in the OB response.

Ion transport and membrane potential changes during 
activation in polymorphonuclear leukocyte

The activation pathways include complex changes in ion fluxes 
across membranes, alterations in the intracellular concentrations 
of ions, and changes in the binding of ions to membrane and 
intracellular components (7, 8). The early events that follow the 
binding of ligand to the membrane include changes in membrane

potential (Vm) and intracellular pH. A close association between 
membrane depolarization and the OB in normal neutrophils was 
demonstrated (8). In patients with CGD, a clinical syndrome of 
severe and recurrent infections that is biochemically characterised 
by the absence of the neutrophil OB, the membrane potential 
changes after cell stimulation were not observed (9).
Intracellular Ca2+ concentrations ([Ca2+]i) are thought to have a 
major role in the regulation of cellular responses at different stages. 
Increases in [Ca2+]i have a dual origin: mobilisation from intracel
lular stores, the so-called IP5-sensitive calciosomes, and influx 
from the extracellular medium (11). In neutrophils, Ca2+ acts in at 
least three ways: first, some pool of Ca2+ maintains receptor 
expression; second, some pools of [Ca2+]i take part in signal 
transduction of different stimuli, and third, [Ca2+]i transients 
potentiate, but are not required for function (10). PMNs in which 
[Ca2+]i is driven to high levels by ionophores A23187 or ionomycin, 
mobile ion carriers for Ca2+, promptly degranulate and make OB. 
Great attention has been devoted to the feedback control of [Ca2+]i. 
It has become increasingly clear that Ca2+-activated enzyme PKC 
plays a dual role in the regulation of neutrophil responses: 
stimulatory and inhibitory. Stimulation by PMA induces several 
PMN responses without increasing [Ca2+]i. PKC feedback regula
tion is exerted at different levels: (1) PKC increases the activity of 
the plasma membrane Ca2+-ATP ase (2) by causing depolarization 
of Vm, which reduces IP3 generation and therefore mobilisation of 
Ca2+, and (3) by acting on PLC. Another important feedback 
mechanism involves changes in the intracellular concentrations of 
cAMP, which acts directly by inhibiting increases in [Ca2+]i or by 
activating protein kinase A followed by phosphorylation of a 
receptor (12).
Neutrophils are not electrically excitable cells, however, it is 
known that changes in membrane potential (Vm) are involved in 
their activation. The exact functional role of Vm changes is still 
unclear. The external electric field induces a position-dependent 
modulation of the membrane potential difference which is super
imposed on the resting potential (13). Therefore, we might expect 
that an external electric field that change the resting membrane 
potential of the neutrophil affects the neutrophil activation.
In our study, the pulsed electric current/field (PEC) was used, 
alone or combined with PMA, fMLP or ionomycin (chemical 
stimuli which operate through distinctly different activation path
ways) to assess a correlation of Vm changes to the OB response. 
Experiments on normal human PMNs and PMNs of CGD patients 
were performed. Luminol-enhanced chemiluminescence (CL), 
which is an effective analytical technique for the estimation of the 
OB response of phagocytic cells, was used (14).

Materials and m ethods
Chemicals

PMA, fMLP, ionomycin, luminol (5-amino-2, 3-dihydro-4-phthala- 
zinedione), Hank's balanced salt solution (HBSS) and dimethyl 
sulfoxide (DMSO) were obtained from Sigma (St. Louis, USA). The 
chemicals for modified HBSS (HBSS-EGTA), i.e. Ca2+-free HBSS 
with 3 mM ethylene glycol-bis [fi-aminoethyl etherl-N, N, N' N'- 
tetraacetic acid (EGTA), were obtained from Merck (Damistadt, 
Germany). PMA, fMLP, ionomycin and luminol were dissolved in 
DMSO and added to the cell suspension to give a final concentra
tion of 3 pM PMA, 1.5 pM fMLP or ionomycin, 10 pM luminol and
0.1% DMSO (v/v). in HBSS or HBSS-EGTA.

Blood samples

Venous blood (5 ml) was taken from healthy adults (18-45 years 
old) into heparinized (50 IU) tubes. Their hematological charac
teristics, such as the leukocyte count (Coulter Counter, USA), the 
differential count and the erythrocyte sedimentation rate, were



Fig. 1. The one-m in u te treatm en t effec t o f  2 0  mA am plitu de PEC, ionom ycin, fMLP, PMA, a n d  com bin ation s o f  them  on  the tim e course 
o f  the n eu trophil OB m easu red  w ith chem ilu m in iscen ce. E ach p o in t represents the m ean  o f  7 sam ples. The statistical sig n ifican ce w as 
an aly sed  hy a  p a ir ed  Student's t-test. (A) The effect o f  PEC, 1 .5  pM  ionom ycin  a n d  th eir com bin ation  on  the OB. (B ) The effec t o f  PEC,

1 .5  pM fM LP a n d  th eir com bin ation  on  the OB. (C ) The effec t o f  PEC, 3  pM  o f  PMA a n d  th eir com bin ation  on  the OB.

Sl. 1. Vpliv en om in u tn ega tretiran ja  s pu lzn im  električn im  tokom , am plitu de 2 0  mA, ion om icin om , fMLP, PMA in  njihovim i 
kom b in acijam i n a  časovn i p o tek  oksidativn e eksp lozije n evtrofilca, m erjen e s kem ilu m in iscen co. Vsaka točka  p redstav lja povprečje 
sedm ih vzorcev. Statistično zn ačiln ost sm o izraču n ali s p arn im  testom  p o  Studentu. (A) Vpliv p u lzn eg a električn ega toka, 1 ,5  pM  
ion om icin a in n june kom b in acije n a  oksidativno eksplozijo. (B ) Vpliv p u lzn eg a električn eg a toka, 1 ,5  pM fM LP in  n ju n e kom bin acije  
n a oksidativn o eksplozijo. (C ) Vpliv p u lzn eg a električn ega toka, 3  pM  PMA in n ju n e kom b in acije n a  oksidativn o eksplozijo.

within normal range (15). For certain experiments blood was 
obtained from two patients with CGD of childhood. Samples were 
used to assess neutrophil activation without any other mani
pulation. At the beginning, 200 pi of heparinised blood was 
resuspended in 400 pl HBSS, or in some experiments, in HBSS- 
EGTA. With regard to activation treatment, blood samples were 
divided into four groups: control, PEC, chemical stimulant (PMA, 
fMLP or ionomycin) and chemical stimulant & PEC. The samples 
in the control groups were treated neither with chemical stimulants 
nor with PEC. In the PEC groups, samples were treated with 
electric current alone. In the chemical stimulant groups, samples 
were treated with PMA, fMLP or ionomycin solution. In the 
chemical stimulant & PEC groups, samples were treated with PMA, 
fMLP or ionomycin and electric current. Experimental groups 
consisted of 7, 10 or 20 samples, as indicated. During treatment, 
samples of all groups were shaken in cuvettes with electrodes at 
room temperature.

Neutrophil OB activation

A 3 pM final concentration of PMA and 1.5 pM final concentration 
of fMLP or ionomycin in HBSS were used for in vitro activation of 
OB. In some experiments, 3 pM final concentration of PMA in 
HBSS-EGTA was used. For electric treatment, four-second trains of 
biphasic, asymmetrical, charge balanced pulses, separated by 
four-second pauses were used; the pulse amplitude was 20 mA, 
frequency 40 Hz, and the pulse duration 0.25 ms. PEC was applied 
for one minute or 5 min through Pt-Ir (90/10%) electrodes directly 
immersed in suspension. During treatment, signals were mo
nitored by current probe/oscilloscope combination (Tektronix 
P6042/7704, USA). All hematological parameters listed above were 
checked after treatment with PEC. Not even 60 min of PEC caused 
any significant changes.

Chemiluminescence (CL) assay

CL was measured on a LKB-Wallac 1250 luminometer in polysty
rene measuring cuvettes (Clinicon, Finland). After particular 
activation, or control treatment, 400 pi of luminol solution in HBSS 
or HBSS-EGTA were added to each cuvette. The cuvettes were 
then transferred into the counting chamber and the results 
expressed in mV are the mean values of measurements lasting for

ten seconds. The time course of the OB response or the CL levels 
before and after 5-min treatment were chosen as the main 
estimation values. The statistical significance of the results was 
analysed by a paired Student's t-test.

Results
PMA-, fMLP- and ionomycin-stimulated neutrophils
Control and one-minute PEC treatment induced no significant OB 
response (Fig. 1: a, b, c). The PEC did not change the OB response 
curves for any of the three OB activators in normal human 
neutrophil. The one-minute PEC treatment preferentially affected 
the ionomycin-stimulated neutrophil, rather than fMLP- or PMA- 
stimulated one. The integrated OB response (an area under a 
response curve) of the ionomycin & PEC-stimulated cells was 87% 
higher than in solely ionomycin-treated cells, whereas the peak CL 
was 114% higher (Fig. la). The integrated OB response of the 
fMLP&PEC-activated neutrophils was 32% higher than in the fMLP- 
treated cells (Fig. lb ) and in the PMA&PEC-treated neutrophils 
only 4.7% higher than in the PMA-alone-treated cells (Fig. lc). The 
peak CL after combined fMLP&PEC treatment was 22% higher 
compared to the fMLP-alone-activated cells. However, there were 
no significant differences in the peak CL between the PMA&PEC- 
and the PMA-treated neutrophils. The statistical significance of the 
results is shown on the Figures.

Stimulation of neutrophils in normal and Ca2 -depleted 
medium
Using the same concentration of PMA (3pM) in both presence and 
absence of extracellular Ca2\ the CL response levels after 5-min 
treatment with either PMA or PMA&PEC, were measured. The 
control and the PEC treatment caused no significant changes in 
PMN CL levels in HBSS (Fig. 2) as well as in HBSS-EGTA (Fig. 3). 
In the PMA&PEC group, the CL levels in HBSS were (53±7)% 
(mean+S.E.; n=20) higher than in the PMA group. The difference 
was statistically significant at a high level of confidence (P 0 .0003). 
However, the CL levels of PMA-activated cells in HBSS-EGTA were 
(48±3)% of the CL levels in the PMA group in HBSS. The PEC effect 
in HBSS-EGTA was highly reduced, namely the CL levels in the 
PMA&PEC group were only (13±3)% higher than in the PMA 
group. The difference was still highly significant (P 0 .0005).
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Fig. 2. The 5-m in  treatm ent effect o f  2 0  mA am plitu de PEC, 3  pM  
PMA a n d  a  com bin ation  o f  them  on  neu trophil OB m easu red  with 
chem ilu m in iscen ce in  HBSS. The results a re  m ean  ± S.E. o f  20  
sam ples. The d ifferen ce betw een PMA a n d  PMA & PEC treatm ent 
w as show n to b e statistically  sign ifican t by a  p a ir ed  Student's t-test.

SI. 2. P etm inutni vpliv tretiran ja s p u lzn im  električn im  tokom , 
am plitu de 2 0  mA, 3  pMPMA in  n june kom b in acije n a  oksidativno  
eksplozijo n evtrofilca, m erjene s kem ilu m in iscen co v HBSS. Re
zu ltati so povprečn a vrednost ± stan d ard n a n ap aka  2 0  vzorcev. 
R azlika m ed tretm ajem  s PMA in PMA in  pu lzivn im  električn im  
tokom  j e  statističn o zn ačiln a , izraču n an a s p arn im  t-testom  p o  

Studentu.

4.5  

4 .0

3.5

f i ,

(0 3 0
O
c

2.5 O«D
C! 2.0

E
B  1.5

E
E l.o43
o

0 .5

0.0

Fig. 3. The 5-m in  treatm ent effect o f  2 0  mA am plitu de PEC, 3  pM  
PMA a n d  a  com bin ation  o f  them , on neutrophil OB m easu red  with 
chem ilu m in iscen ce in HBSS-EGTA. The results a re  m ean  ± S.E. o f  
2 0  sam ples. The d ifferen ce betw een PMA a n d  PMA & PEC treat
m ent w as show n to b e statistically  sign ifican t by a  p a ir ed  Student's 
t-test.

SI. 3. P etm inutni vpliv tretiran ja s pu lzn im  električn im  tokom , 
am plitu de 2 0  mA, 3  pM  PMA in  n june kom b in acije n a oksidativno  
eksplozijo nevtrofilca, m erjen e s kem ilu m in iscen co v HBSS-EGTA. 
R ezultati so p ovprečn a vrednost ± stan d ard n a n ap aka  2 0  vzorcev. 
R azlika m ed tretm ajem  s PMA in PMA in pu lzn im  električn im  
tokom  j e  statistično zn ačiln a , izraču n an a s p arn im  t-testom  p o  

Studentu.
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PEC treatment of CGD neutrophils
Unlike normal PMNs, the CGD PMNs exposed to PMA showed no 
significant alteration of CL levels (n=10) compared to nonexposed 
control PMNs (Fig. 4). CL levels of normal PMNs challenged 5 min 
with PMA&PEC were (51±8)% (mean±S.E.; n=10) higher com
pared to PMA treated cells. However, five minutes of either PEC 
treatment or PMA&PEC treatment caused no significant changes in 
CGD neutrophils activity.
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Fig. 4. The 5-m in  treatm ent effec t o f  2 0  mA am plitu de PEC, 3  pM  
PMA a n d  a  com bin ation  o f  them , on  n orm al (A) a n d  CG D patients' 
(B ) neu trophil OB m easu red  with chem ilu m in iscen ce. The results 
a re  m ean  ± S.E. o f  10 sam ples. The d ifferen ce betw een PMA a n d  
PMA & PEC treatm ent w as show n to b e statistically  sig n ifican t by 
a  p a ir ed  Student's t-test.

SI. 4. P etm inutni vpliv tretiran ja s pu lzn im  električn im  tokom , 
am plitu de 2 0  mA, 3  pM  PMA in  n ju n e kom b in acije n a oksidativn o  
eksp lozijo n orm aln ega n evtrofilca (A) in  n evtrofilca boln ikov  s 
kron ičn o gran u lom atozo (B), m erjen e s kem ilu m in iscen co. Re
zu ltati so povprečn a vrednost + stan d ard n a n ap aka  10 vzorcev. 
R azlika  m ed  tretm ajem  s PMA in PMA in pu lzn im  električn im  
tokom  j e  statističn o zn ačiln a , izraču n an a  s p arn im  t-testom  p o  

Studentu.

Discussion
Despite considerable progress in understanding of the biochemi
cal signalling pathways in neutrophils parallel to the progress in 
describing ionic events, a myriad of questions remains. The most 
relevant is the relationship of membrane potential, ion fluxes, 
intracellular Ca2t and pH to neutrophil function. We have exam
ined the effect of the PEC on the OB response. Our results suggest 
that membrane potential changes in human neutrophils do not 
elicit the response by itself, thus they are not a trigger of the 
signalling as in electrically excitable muscle or nerve cells. On the 
other hand, we have demonstrated that Vm changes induced by 
external electric current modify the OB to different extent when 
neutrophils are challenged with different chemical stimuli, such as 
PMA, fMLP or ionomycin. The PEC mostly affects the ionomycin- 
and the fMLP-stimulated OB and less the PMA-stimulated OB 
response, which suggests that Vm changes and ion transport 
produced by the PEC may not be important in all signalling 
pathways, however, the exact mechanisms of PMN response to the 
PEC remain to be determined.
It is generally accepted that both, the intact membrane and soluble 
cytoplasmic proteins of the NADPHoxidase assembly are neces
sary for optimal one-electron transfer from NADH to oxygen (16). 
Since CGD PMNs are incapable of producing the OB, the 
predictable absence of the PMA-stimulated OB response in our 
experiment with CGD neutrophils has been observed (17). Also, 
the absence to initiate normal changes in membrane permeability 
followed by the biphasic potential shifts in CGD neutrophils after



particu lar stim ulation w a s d e scrib ed  b y  Castranovat et al. (9). 
Sim ilarly , o u r observations that the P E C , e ither alon e or w ith  PM A, 
fa iled  to in d u ce  the O B  in  C G D  PM N s su pp o rt the v ie w  that C G D  
is lin k e d  to a general m em b rane defect w h e re  ox id ase  m ay have  
a m ajor ro le  as p ro p o sed  b y  recent investigations (1, 16).
O u r  resu lts indicate that in  n eu tro p h il oxidative burst m o d el, the 
P E C  effect is c lo se ly  related to ce llu la r  ca lc iu m  m o bilisation  from  
extracellu lar sp a ce  (18), s in ce  d ep letio n  o f extracellu lar ca lc ium  
h ig h ly  su p p ressed  the P E C  effect.
In  co n clu sio n , the results o f  the p resen t study suggest that the P E C  
p ro b ab ly  m odulates the O B  resp o n se  in  the n eutrop hil and  that 
this m o dulatio n  is m ostly re lated  to ca lc iu m  in flu x  from  extra
ce llu la r sp ace . N evertheless, further exp erim en ts sh o u ld  be done  
to determ ine the exact regulatory p ath w ays o f the P EC .
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Abstract — Background . In vivo effects o f  a  therapeutic dose o f  
azithrom ycin on  som e hum an  im m une fu n ction s w ere studied  
thoroughly.

M ethods. The research w as p er fo rm ed  as a  controlled, d ou b leb lin d  
clin ical trial com paring an  azithrom ycin-treated group (n = 2 1 )  
a n d  a  p lacebo-treated  control group (n  = 10). B efore a n d  a fter  the 
adm inistration o f  azithrom ycin  orp la ceb o  (starch), b lood  sam ples 
were taken  a n d  the fo llow ing  tests w ere done: phagocyte m icrobi
c id a l test with C andida alb icans, m easurem ent o f  oxidative burst 
in polym orphonuclear leukocytes with lum inol am plified  chem ilu 
m inescence, proliferative lym phocyte responses to stimulation with 
p okew eed  mitogen (PWM) a n d  protein  A (ProtA), a n d  the am ount  
o f  the soluble interleukin-2 receptors (sIL-2R).

Results. The study show ed that azithrom ycin  h a d  no in flu ence on  
natural killing mechanism s, but it significantly in creased  the 
proliferative lymphocyte response to PWM (p  = 0.016). Azithrom y
cin also h a d  n o significant in fluence on lymphocyte response to 
ProtA, but it significantly elevated  the am ount ofsIL-2Rproduction  
(p = 0.002).

D iscu ssio n . Since natural phagocytic killing activity ap p eared  to 
be intact in azithrom ycin lo a d ed  cells, azithrom ycin may, together 
with norm al m echanism s o f  the host's phagocytic cells, help to 
erad ica te  intracellu lar in fections cau sed  by sensitive m icroor
ganism s. A ccording to the tests p er form ed  with PWM, Prot A a n d  
to the am ount o f  sIL-2Rproduction, it is likely that azithrom ycin  
interferes with interactions between Tcells an d  B  cells resulting in 
stim ulation o f  these cells.

C o n c lu s io n . Azithromycin is not dam aging  to the im m une system 
in an y  way. On the contrary, it is possible that it even increases the 
activity o f  the im m une system, w hich gives hope f o r  the patien ts  
suffering from  a ll kinds o f  im m une insufficiency.

Izvleček — Izh o d išča . Za uspešno zdravljen je bakterijskih in fek
cijskih bolezn i j e  pom em bn o razum eti odnos m ed  m ikroorganiz
mi, gostiteljevo obram bo in antim ikrobn im izdravili. Im unom odu- 
lac ija  z  an tibiotik i j e  sodoben  pristop k  izboljšanju antim ikrobnega  
zdravljenja. To j e  posebn o  pom em bn o p r i boln ikih z  okvarjenim  
im unskim  sistemom. M ed vsemi antim ikrobn im i zdravili m akro- 
lidni an tibiotiki najbolje vstopajo in se koncentrirajo v celi
cah  .Avtorji so želelipreučiti vpliv terapevtske d oz e  azitrom icina na  
nekatere kom ponente hu m anega im unskega sistem a in vivo.

M etode. Gre z a  kontroliran klin ičn i preskus, k i p rim erja  testirano 
azitrom icinsko skupino (n  = 21) in kontrolno p la c eb o  skupino (n 
= 10). Izb o r  zdravih  preiskovank (starost 2 0  d o  33  let) v ob e  skupini 

j e  bil opravljen p o  načelu  dvojno slepega preskusa. Kriteriji, p o  
katerih so bile preiskovan ke uvrščene v študijo, so bili klin ičn i in 
laboratorijski. P red  in p o  prejem u azitrom icina (500  mg dnevno, 
3  dni, ora ln o) oz irom a p la c eb a  (škrob) j e  b ila odvzeta kri, v vseh 
vzorcih p a  so bili opravljeni sledeči testi: fag oc itn o  m ikrobicidni 
test s C an dida alb icans, m erjenje oksidativne eksplozije vpolim or- 

fonu kleu sn ih  levkocitih (PMN) s kem ilum inescenčno metodo, pro- 
liferativni lim focitn i odziv  s pokew eed  m itogenom  (PWM) in 
proteinom  A (ProtA ) in količina topnih receptorjev z a  interlevkin 
2  (tIL-2R) v kulturah m ononukleusnih celic, spodbujen ih sfitohe- 
m aglutininom  in  forbo ln im  miristat acetatom .

R ezu ltati .A zitrom icin ni signifikantno vplival n a  fag oc itn o  mikro- 
bicidne m ehan izm e fagocitov, kako r  tudi n e n a  oksidativno eks
p loz ijo  v PMN p er ifern e venske krvi. S ignifikantno p a  j e  poveča l 
proliferativni odziv  limfocitov s PWM (p = 0.016). Proliferativni 
odziv lim focitov s ProtA ni bil signifikanten. Azitrom icin j e  signifi
kantno p ov eča l tudi tvorbo HL-2R v kulturah MNC (p = 0.002).

Razpravljanje . A zitrom icin ne vpliva na fag oc itn e  m ikrobicidne  
m ehanizm e. P om em bno j e  predvsem, d a  n e zm anjšu je aktivnosti 

fagoc itov  oz. PMN per ifern e venske krvi, k a r  om ogoča dvojno 
delovanje n a  tiste znotrajcelične m ikroorganizm e, n a  katere a z i
tromicin seveda deluje. Rezultati m erjenja proliferativnih odzivov  
s PWM in ProtA  ter rezultati tvorbe HL-2R v kulturah MNC kažejo  
na stim ulacijo in terakcije m ed  limfociti T in lim fociti B. P onuja se 
hipoteza, d a  so m orda celice p om ag a lke  (klon i T h J tiste tarčne  
celice, n a katere vpliva azitrom icin .

Zaključek. A zitrom icin vsekakor ne okvari im unskega sistema. 
Nasprotno, m orda j e  im unski sistem p o d  njegovim vplivom celo v 
stanju p ov ečan e  aktivnosti, k a r  j e  seveda pom em bn o z a  obram bo  
p red  m ikroorganizm i, posebn o p r i bolnikih z  im unsko pom an jklji
vostjo.



Introduction
A n  interaction b etw een  antim icrobial agents and host defen ce  
factors ap pears to be cru cia l for an effective therapy o f infections, 
esp ec ia lly  w h e n  they are cau sed  b y  the m icro organ ism s that 
su rv ive  the k illin g  m echan ism s o f the host p hagocytes (1, 2) (fig. 
1). O v e r  the last few  years, the im m u no m od u lato ry  activities o f  
antim icrobial agents h ave b een  a matter o f  g ro w ing  co n cern  (3). 
M acro lides h ave  b een  exten sive ly  studied, a lthough the results are 
not consistent (4). T h e  aza lid e  azithrom ycin  dem onstrates h igh  
vo lu m e o f distribution, lo w  leve ls in  serum , lo w  prote in  b ind ing  
and a long elim ination  half-life (5, 6) (Tab . 1). A z ith ro m ycin  is 
h ig h ly  concentrated  in  a n um b er o f ce ll types, in clu d in g  polym or-  

- p h o n u clea r leu ko cytes (PM N ), m onocytes, m acro ph ag es and  
fibroblasts, w h ich  can  retain, de liver, and  re lease  azithrom ycin  at 
sites o f infection  (7). T h e  interaction b etw een  azith rom ycin  and  
the bactericidal m echan ism s o f PM N  and the m acrophag e system  
is an area o f active research , but few  studies h ave  b een  devoted  
to the analysis o f azithrom ycin  interference w ith  sp ec ific  im m u ne  
resp on se  (8 -1 1 ).

INTRACELLULAR
MICROORGANISM

IMMUNE SYSTEM ANTIMICROBIAL AGENT

Fig. 1. Triangle o f  the three equally im portant fac tors  f o r  the 
effective antim icrobial therapy.

Sl. 1. Trije faktorji, k i so  en ako  pom em bn i z a  učinkovito zdravlje
nje bakterijskih okužb.

T ab . 1. Azithromycin pharm acokinetics in com parison  with other 
antibiotics (m od ified  from  Schentag a n d  Ballow  1991) (7).

Tab . 1. Farm akokinetične lastnosti azitrom icina v prim erjavi z  
nekaterim i drugim i antibiotiki (m odificirano p o  Schentagu in 

Ballow u 1991) (7).

Antibiotic Cmax
(mg/1)

Vd
(1/kg)

t 1/2 
(hours)

PMN
(I/E)

azithromycin 0.4 23 14 (>40) 79
erythromycin 0.9-1.4 1.5 1.6 10-13
clarithromycin 2.4 - 4.7 -
penicillin 10.0 0.2 0.3 0.1
cefaclor 5.0 0.2 0.5 0.1
ciprofloxacin 3.5 1.4 3.9 2.5

Cmax -  maximal concentration
-  maksimalna koncentracija 

Vd -  volume of distribution
-  volumen distribucije 

t 1/2 -  half-life time
-  razpolovni čas

I/E -  the ratio of intracellular to extracellular concentration
-  odnos znotraj- in zunajcelične koncentracije

T h e  a im  o f the presen t study w as to investigate the effects o f the  
therapeutic do se  o f o ra lly  taken  azithrom ycin  o n  the p hagocyte  
m icrobic idal test w ith  C an d id a  alb icans and the oxidative burst in  
PM N w ith  lu m ino l am plified  ch em ilu m in escen ce , its effect on  the 
proliferative lym p hocyte  resp on ses to p o k ew eed  m itogen (PW M )  
and prote in  A  (Prot A ), and  its in flu en ce  o n  the am ount o f the  
so lub le interleukin-2 receptors (sIL-2R ) in  supernatants o f m o n o 
n u clear ce ll (M N C ) cu ltures, ex  v iv o  stim ulated b y  p hyto hé
m agglutin ine (P H A ) an d  phorb o l m yristate acetate (PM A).

T h e  research  w a s p erform ed  as a co ntro lled , d o u b le  b lin d  c lin ica l 
trial, co m p arin g  an  azithrom ycin-treated group  an d  a p laceb o-  
treated control group.

M aterial and m ethods
A zith ro m ycin  CP-62 993/XZ-450 (P liva , Zagreb , Croatia).
T h e  drug w a s adm in istered  in  v iv o  b y  the oral route, 500m g daily  
for three days. P laceb o  (starch ) w a s  g iven  in  the sam e w ay .

Volunteers

T h e  study w a s p erform ed  w ith  hea lth y  fem ale vo lu nteers, age 20 
to 33 years. A ccep tan ce  criteria w e re  c lin ica l an d  laboratory. T h e  
se lection  into azithrom ycin  (n  = 21) and p laceb o  (n  = 10) group  
w a s p erform ed  as a d o u b le  b lin d  trial. Before  the adm in istration  
o f  azithrom ycin  or p la ceb o  and seven  days after that, b loo d  
sam p les w e re  taken for determ ination  o f im m u no log ica l p ara
m eters.

Phagocyte microbicidal test

Leu k o cytes w ere  obtained from  h e p arin ized  b lo o d  sam p les b y  
sedim entation  o n  dextran, fo llo w e d  b y  lysis o f  resid u a l erythro
cytes and b y  w a sh in g  w ith  H anks' b a lan ced  salt so lution  (H B SS , 
G ib co , U S A ). Leu ko cytes w ere  p rep ared  in  concen tration s o f 7 x 
lO V m l. C . a lb icans w a s  cu ltured  in  Sabo urand  agar at 37”C  for 24 
ho u rs fo llo w ed  b y  w ash in g  w ith  0.9%  so d iu m  saline, a n d  su sp en d 
ed  in  H B S S  to a concentration  o f 7 x 106/m l. Le u k o cy tes an d  C. 
a lb ican s w ere  in cu bated  together at 37°C  for 1 ho ur. Sod ium  
d e so xych o lat w a s ad d ed  for lysing  leu kocytes. T h e  sp ec im en s  
w ere  sta ined  w ith  m ethylen e b lu e  B  and the n u m b er o f  v iab le  and  
d e a d  C . a lb icans w a s m icro sco p ica lly  assessed . Ex p erim en t w as  
d o n e  in  triplicate. In  the contro l tube, the su rv iva l o f C . a lb icans  
ex p o se d  to the sam e co n d itio n s w a s tested. R esu lts w ere  e x 
p ressed  as p ercentage (m ean  o f three counts) o f  d ead  tow ards  
v iab le  C . a lb icans.

PMN oxidative burst

PM N  oxidative burst as assayed  by  lu m ino l (Sigm a, U S A ) am p lified  
ch em ilu m in e sce n ce  m ethod (V a n  D y k e ). PM N  from  aliquots o f  
100 pi b loo d  w e re  in  p o lyeth y len e  v ia ls (C lin ico n , Sw ed en), 
stim ulated w ith  250 u l 123 ng/m l p horb o l m yristate acetate (PM A; 
Sigm a, U SA ) so lution  in  H B S S  w ith  1 mM so d iu m  azid e  at room  
tem perature. T h e  so lution  o f  lu m in o l (250 pi 1 x 10~3M ) w a s added, 
fo llo w e d  b y  m easuring  light em issio n  at a w aveleng th  o f 425 nm  
for three m inutes, u sing  a lu m ino m eter (L K B , W allac , F in lan d ). 
O n ly  p ea k  va lu es w e re  co n sidered . C h e m ilu m in e sce n ce  o f control 
ce lls , w h e re  o n ly  lu m ino l w a s add ed , w a s u sed  for co m p ariso n , 
an d  the results w ere  ex p re sse d  in  m illivo lts (m V ).

MNC preparation

M N C s w e re  iso lated from  h e p a rin ized  b lo o d  b y  centrifugation  
o v er a F ico ll-H yp aq u e  d ensity  gradient. T h e  ce lls w ere  then  
w a sh e d  in  RPM I 1640 (G IB C O , Scotland) su p p lem en ted  w ith  
L-g lutam ine, streptom ycine an d  p o o led  hum an A B  se ru m  (grow th  
m ed ium ).

Proliferative lymphocyte responses to PWM and Prot A

M N C s w e re  d iluted w ith  grow th m ed ium  to a co ncentration  o f  
1 x lO V m l. A lquots o f 100 p i w ere  p la ced  in w e lls  o f m icro cu lture  
plates (N U N C , T  grade, D en m a rk). PW M  (Serom ed, G e rm a n y ) w as  
ad d ed  at a concentration  o f  10 mg/1, and Prot A  (Pharm acia , 
S w ed e n ) at a co ncentration  o f 12.5 mg/1, an d  the lym p hocyte  
pro liferative resp on ses w ere  m easured . Contro l ly m p h o cyte  cu l-



ture w a s p la ced  in  grow th m ed iu m  on ly . T h e  cu ltures w ere  
incubated  for 72 hours at 37°C  in  hu m id ified  atm osphere w ith  5%  
C 0 2, after w h ich  tritiated thym id in e  (3H -Td r, Sorin  B io m ed ica , 
B elg iu m ) w a s add ed  to ea ch  w e ll (18.5 k B q  p er w e ll)  and  the 
plates w ere  incubated  for further 18 hours. H arvesting  w as  
perform ed b y  a sem iautom atic ce ll harvester (Skatron, N orw ay). 
After add ing  a scintillation  co cktail, incorporation  o f 3H -T d r w as  
assessed  in  a beta scintillation  co u n ter (L K B  Pharm acia , Sw ed en). 
Results w e re  exp ressed  as co u n ts p e r m inute (CPM ).

Quantitative determination of sIL-2R levels in MNC cultures

M N Cs w e re  d iluted w ith  gro w th  m ed iu m  to a concentration  o f  
1 x  lO V m l an d  aliquots o f  1000 pi w e re  p la ced  in  24 w e lls  o f cu lture  
plates (N U N C , T  grade, D e n m a rk ). C e lls  w ere  stim ulated w ith  P H A  
(D IF C O , U SA ) at a co ncentration  o f  10 mg/1 an d  20 mg/1 and  
costim ulated w ith  PM A  (S IG M A , U S A ) in  concentration  o f  
10 pg/1. C e ll cu ltures w e re  in cu b ated  for 24 hours at 37°C  in  
hu m id ified  atm osphere w ith  5% C 0 2. Afterw ard the supernatant 
w a s co llected  w ith  centrifugation. T h e  quantitative determ ination  
o f sIL-2R  lev e ls  in  the su pernatant w a s perform ed b y  sa n d w ich  
en zym e -  lin ke d  im m u no so rb en t assay  w ith  tw o m o n o clo n a l 
antibodies, w h ich  reco g n ise  tw o  different ep itopes o f the sIL-2R  
(Eu rog enetics, B e lg iu m ). Resu lts w ere  exp ressed  in  units p er  
m illiliter (U /m l).

Statistical analysis

T h e  uniform ity o f  azith rom ycin  an d  p la ceb o  groups w a s co m 
pared  b efore the c lin ica l trial b y  the M ann-W hitney rank  su m  test. 
T h e  sig n ifican ce  o f d ifferences in  the results before an d  after the 
clin ica l trial w a s an a lysed  b y  the W ilco x o n  signed ran k  test. 
M edians and quartile deviation s (Q  - Q ]/2)  are presented  b elow .

Results
B efore the c lin ica l trial there w e re  n o  statistically significant  
differences b etw een  azith ro m ycin  a n d  p la ceb o  groups (Tab . 2).

T a b . 2 .M edians, quartile deviations (Q3-Q./ 2 )  a n d  M ann-W hitney  
rank sum  test between azithrom ycin  a n d  p la c eb o  group before the 

c lin ica l trial.

T a b . 2. M ediane, kvartilne dev iacije  (Q -Q / 2 )  in M ann-W hitneyev 
test vsote rangov m ed  azitrom icinsko in p la c eb o  skupino p red  

klin ičn im  preskusom .

Test
n = 21

before azithromycin 
median Q,-Q1/2

n = 10
before placebo 
median QyQ1/7

Mann
Whit
P

phagocyte microbicidal 15.60 2.12 15.95 1.18 0.657
oxidative burst 4.66 1.81 6.02 1.88 0.254
stimulation with PWM 27,725 18,180 26,705 10,270 0.767
stimulation with Prot A 490 646 319 496 0.375
growth medium 283 92 249 85 0.331
level of SIL-2R 173 6.75 173 9.12 0.626

Phagocyte microbicidal test

T h e  results are sum m arized  in  T ab . 3 A , B . Before  the ad m in is
tration o f azithrom ycin , the m ed ian  va lu e  o f  C . a lb icans k illing , 
ex p re sse d  as a p ercentage o f  d ead  tow ard s v iab le  C . a lb icans, w a s  
15.60, w ith  quartile d eviation  2.12. After ingestion  o f azithrom ycin  
there w a s  a n onsign ificant e levation  o f  k illin g  capab ilities to 16.60, 
w ith  quartile deviation  2.37.

PMN oxidative burst

T a b les  3 A , B  sh o w  the results o f  PM N  oxid ative burst assayed  b y  
ch em ilu m in e sce n ce  an d  ex p re sse d  in  m V . In  azith rom ycin  group ,

Tab. 3- M edians, quartile deviations (Q qQ /2 ) a n d  Wilcoxon 
signed ran k test before a n d  a fter the c lin ical trial in azithrom ycin  

group (A) a n d  p la c eb o  group (B).

Tab . 3. M ediane, kvartilne deviacije (Q ,-Q /2) in W ilcoxonov test 
predzn ačen ih  rangov p re d  kliničnim  preskusom  in p o  njem v 

azitrom icinski skupin i (A) in p la c eb o  skupini (B).
A -  azithromycin group (n = 21)

Test
before azithromycin after azithromycin Wilcox

median q 3-q , , median Q U A , P

phagocyte microbicidal 15.60 2.12 16.60 2.37 0.305
oxidative burst 4.66 1.81 4.75 2.43 0.821
stimulation with PWM 27,725 18,180 30,641 17,987 0.016
stimulation with Prot A 490 646 540 307 0.375
growth medium 283 92 269 70 0.931
level of sIL-2R 173 6.75 187 14.75 0.002

B -  placebo group (n = 10)

Test before placebo after placebo Wilcox
median QcQu, median Q ,- Q , , p

phagocyte microbicidal 15.95 1.18 15.95 2.64 0.332
oxidative burst 6.02 1.88 5.09 1.99 0.386
stimulation with PWM 26,705 10,270 29,201 9,150 0.203
stimulation with Prot A 319 496 434 164 0.800
growth medium 249 85 235 98 0.721
level of sIL-2R 173 9.12 177 7.75 0.664

before the adm in istration  o f the drug, the m ed ian  va lu e  w a s 4.66, 
w ith  quartile d eviation  1.81. After the ingestion  o f azithrom ycin , 
there w a s  a slight, but not significant e levation  o f m ed ian  va lu e  to
4.75, w ith  quartile  d eviation  2.43.

Proliferative lymphocyte response to PWM

T h e  results are  sh o w n  in  T a b les  3 A , B. B efore  the adm inistration  
of azithrom ycin , the m ed ian  va lu e  o f the pro liferative lym p hocyte  
resp o n se  to PW M , ex p re sse d  in  CPM , w a s 27,725, w ith  quartile  
deviation  18,180. After the adm inistration o f  azith rom ycin  there  
w a s  a sig n ificant (p  = 0 .016) elevation  o f m ed ian  va lu e  to 30,641, 
w ith  quartile d eviation  17,987.

Proliferative lymphocyte response to Prot A

T a b les 3 A , B  sh o w  the results o f lym p hocyte  stim ulation  w ith  Prot 
A. In  az ith ro m ycin  group , b efore the adm in istration  o f the drug, 
the m ed ian  va lu e  o f the pro liferative lym p hocyte  resp o n se  to Prot 
A , ex p re sse d  in  CPM , w a s 490, w ith  quartile deviation  646. After 
the adm in istration  o f azith rom ycin  there w a s n o  significant ch ang e  
in 3H -T d r in co rp o ratio n  (m ed ian  540, quartile deviation  307).

Proliferative response in control nonstimulated lympho
cyte cultures

T h e  results are sh o w n  in  T a b le s  3 A , B . A z ith ro m ycin  h ad  no  
significant effect o n  lym p hocyte  pro liferation  w h e n  lym p hocytes  
w e re  m ain ta in ed  in  g ro w th  m edium .

Quantitative determination of sIL-2R levels in MNC cultures

T h e  results are sh o w n  in  T a b les 3 A, B. In  the azith rom ycin  group, 
before the ingestio n  o f the antib iotic, the m ed ian  lev e l o f  sIL-2R  in 
M N C cu ltures, ex p re sse d  in  U /m l, w a s 173, w ith  quartile deviation
6.75. H o w ev er, after the ingestion  o f azithrom ycin , a significant 
(p  = 0.002) e levation  in  the m ed ian  va lu e  w a s  ob served  (m ed ian  
187, quartile deviation  14.75).

Discussion
P revio us stud ies, co n cern in g  the effect o f different m acro lides on  
ce llu la r an d  h u m ora l im m u ne functions, h ave  g iven  conflicting



results (2, 3 ,1 0 ,1 2 ) . T h e  results od  o u r study, p erform ed  o n  sm all 
groups, sh o w ed , that the distribution o f o u r data obtained  w a s not 
norm al, G a u ss . H ig h  standard deviations an d  w id e  variation  
ranges (u n p u b lish ed  data) cla im ed  for the u se  o f the non- 
param etric statistic tests. B efore the beg in n ing  o f  the c lin ica l trial, 
all variab les w e re  m easured  and tested, an d  no  statistically  
significant d ifferences b etw een  the tw o gro up s w ere  found.
A  g lobal an a lys is  o f  phagocyte m icro b ic ida l m echan ism s w a s  
perform ed u sin g  phagocyte m icro b ic ida l test w ith  C . a lb icans. 
PM N  oxid ative burst w a s assayed  b y  the lu m ino l am plified  
ch em ilu m in e sce n ce  resp o n se  stim ulated b y  PM A. W e  ob served  no  
significant in flu en ce  o f azithrom ycin  or p la ceb o  o n  these fu n c
tions. O u r stu d y  sh o w e d  that azith rom ycin  d id  not im pair norm al 
p hagocytic a n d  bactericidal activity. S in ce  norm al phagocytic  
m echan ism s in  azith rom ycin  load ed  ce lls a p p eared  to b e  intact, 
azith rom ycin  m ay, together w ith  natural k illin g  m echan ism s, he lp  
to erad icate the in trace llu lar infections cau se d  b y  sensitive m icro 
organism s.
Lym p h o cytes h ave  a p ivotal role o n  the sp ec ific  im m u ne resp o n 
ses. It has not b een  estab lished  w h eth er az ith rom ycin  accum ulates  
in  lym p hocytes like  erythrom ycin  do es (12).
In  the presen t study, w e  exam in ed  the in  v iv o  effect o f  azithro
m y cin  o n  h u m a n  B -ce ll activation directly  at the leve l o f the B  ce lls  
as w e ll as at the leve l o f the T -ce ll he lp . Prot A  d irectly in du ces  
proliferative lym p hocyte  resp on se  o f h u m an  B  ce lls , w h ile  u nd er
the in flu en ce  o f  PW M , B  ce lls are activated v ia  interaction w ith  C D ,’ -1
+ T  ce lls, T h 2 c lo nes (13). M oreover, for the p ro du ction  o f PW M  
in d u ced  T-ce ll-d erived  h e lp er factors ( in te rleu k in  4, 5, 6), ce llu lar  
interactions b etw een  T  ce lls (T h , c lo n es) an d  m onocytes (in terleu 
k in  1; IL-1) are n eed ed  (14).
O u r e x  v iv o  c lin ica l study after the ingestion  o f azithrom ycin  
sh o w ed  significant effect o n  the PW M -in d uced  proliferative lym - 
p hocite  B -ce ll response . H o w ev er, there w a s  n o  significant 
proliferative lym p hocyte  resp on se  to Prot A  after the adm in i
stration o f azithrom ycin . In  the control p laceb o  group test as w e ll 
as in  the contro l laboratory test (grow th m ed iu m  on ly), there w ere  
no significant changes. B ase d  on  all the find ings m en tioned  a 
hypothesis w a s p ro po sed  that azithrom ycin  in d u ced  B -ce ll res
p o n se  v ia  T -ce ll activation. T h e  m echan ism  by  w h ich  azithrom ycin  
exerted  this activity w as not elucidated . It rem ains to be deter
m ined  w h eth er this stim ulation (T  ce lls -  B  ce lls) reflects T h 2-cell 
activation o r  m o no cyte  activation. T h e  m ain  target o f the azithro
m ycin  effect w a s  not estab lished . N evertheless, it w a s suggested  
that azith rom ycin  m ight in du ce stim ulatory activity on  ly m p h o 
cyte T .
T h is  find ing  w a s  supp o rted  b y  the results o f  quantitative deter
m ination  o f  sIL -2 R  leve ls  in  M N C cu ltures, e x  v iv o  stim ulated by  
P H A  and PM A , w h e re  the m ost m arked  effect o f azithrom ycin  on  
lym p hocyte  activation  w as dem onstrated. T h e  in crease in  sIL-2R  
pro du ction  w a s  statistically significant.
It has b een  estab lished  that after p o lyclo n a l m itogen stim ulation  
T  ce lls syn th esize  an d  secrete IL-2. At the sam e tim e increased  
ex p ressio n  o f sp ec ific  ce ll (T  ce lls, B  ce lls, m o no cytes) surface  
in terleukin-2  receptors (IL-2R ) are ob served  (15). IL-2R  is co m 
p o se d  of at least tw o distinct subunits, designated  a lpha (p55 or 
T a c ) (16) a n d  beta (p  70/75) (17). After M N C activation, a lp ha  
ch a in  or T a c  m o le cu le  is induced , w h ich  is exp ressed  and released  
as a so lub le  form  (sIL-2R ) (18). T h e  va lid ity  and sig n ificance o f sIL- 
2R m easurem ents has not yet b een  clarified  (8 -2 0 ). It has b een  
co n clu d ed  that sIL-2R  is a n o ve l m arker o f im m une system

activation, while it is directly correlated with the activation of 
lymphocytes and the expression of cellular IL-2R (18).
In conclusion, the overall results suggest that a therapeutic dose 
of azithromycin does not impair host defense system, on the 
contrary, it might even stimulate it. This even or potentially 
beneficial interaction my contribute to a successful outcome of 
antimicrobial chemotherapy, which means that azithromycin 
probably has important immunomodulatory properties, especially 
for immunocompromised individuals.
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