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Space for Plato's Republic in The Seat of The Soul 
all in reference to the shape of the all-seeing eye of God, a symbol of The Great Architect of the Universe 
 

Irena Pangeršič 
MA and BS in architecture, DipHE in Civil Engineering 
e-mail: ariel.aneri@gmail.com 
 
 
 
 

»Pherecydes of Syros once wrote that the Hyperboreans were a race 
of Titans and that Hyperborea was the birthplace of the first giants.« 
H.P. Blavatsky [1] 
 
 

Abstract.»Ancient Greek and Roman scholars mention a time when 'the Moon 
was not near the Earth'. Ancient records refer to people known as the 
Pelasgians, Proselenes, and the Arcadians. They were beings belonging to a 
very ancient race that inhabited our planet in times when there was no Moon. 
According to the Greek philosopher Aristotle, (384 BC - 322 BC), before the 
Hellenes occupied Arcadia, the land was inhabited by a group of people known 
as the Pelasgians. They 'occupied the land already before there was moon in 
the sky above the earth.'  Plutarch, the Greek historian (46 - 127) confirmed this 
in his writings: 'There were Arcadians of Evander`s following, the so-called pre-
Lunar people.' Also Ovid, a Roman poet (43 BC-17 AD) wrote of the pre-Lunar 
civilization. From his writings, we learn that 'the Arcadians are said to have 
possessed the land before the birth of Jove, and the folk is older than the 
Moon.' Apollonius of Rhodes who lived during the third century BC confirmed 
the presence of a very ancient pre-Lunar civilization in his writings. He wrote: 
'when not all of the orbs were yet in the heavens, before the Danai and the 
Deukalion races came into existence, and only the Arcadians lived, of whom it 
is said that they dwelt on mountains and fed on acorns, before there was a 
moon.' Giordano Bruno, an Italian philosopher (1548 - 1600) was one of the 
earliest modern thinkers who contemplated on the existence of a pre-Lunar 
civilization. In one of his books he wrote: 'There are those who have believed 
that there was a certain time (as our mythology says) when the Moon, which 
was believed to be younger than the sun, was not yet created. The Arcadians, 
who dwelt not far from the Po, are believed to have been in existence before it 
(the moon).'« Ellen Lloyd [2] 

 
»The giants, in Slovenian called the Ajdi, are believed to be the oldest inhabitants of the Earth. 
The word Ajd has drawn attention up till now just for its possible indication of the 
archaeological sites. It is taken for a widely spread motif in folkloristics. The author includes 
the narratives about the continuity, cohabitation and appearance of the Ajdi from the 
prehistoric and Roman settlement on Ajdovščina above Rodik in the context of the specific area 
and time. The paper considers the possibilities of the historical truth of the studied oral 
tradition, which due to its uncommonness and connection to the specific place seems 
possible.« Katja Hrobat [3] 

»Helmolts Weltgeschichte[4], notebooknr. 5, chapter »Das Auftreten der Kroaten und 
Serben«, page 277; »Es muss aber in Erinnerung gebracht werden, dass das ganze, jetzt von 
den Kroaten beseste und nach ihnen benannte Land früher den Slowenen gehörte und 
Slowenia hiess...« " and as stated by "Ožbalt Gutsman, Deutsch – windisches Wörterbuch [5], 
Celovec 1789, p. 284, explanation of the terms Slav – Slovenec, Slavenland – Slovenian land 
and Slavisch – Slovenian.« 
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Map from the ancient book 'Starodavni in današnji Slovenci' (Ancient and Modern Slovenians) /Jurij Venelin1[6]; 
[translaton from Russian by Ana Brvar, translation of Pavel Tulajev by Just Rugel, translation of Ovid from Latin by 
Barbara Šega-Čeh]. - Ljubljana : Amalietti & Amalietti, 2009 ([Ljubljana] : Schwarz) [pic.001] 
 

 … and Arcadia was previously named Gigantis, land of the giants …2 
Arcadia remained a beautiful, secluded area, and its inhabitants became proverbial as 
herdsmen leading simple pastoral unsophisticated yet happy lives, to the point that Arcadia 
may refer to some imaginary idyllic paradise, immortalized by Virgil's Eclogues, and later by 
Jacopo Sannazaro in his pastoral masterpiece, Arcadia (1504); see also Arcadia = utopia.3 

»A utopian land, known in our narrations as Koromandija, Komandija, Kolovozija, 
Kolobocija, Korotan, the ninth land, the paradise of loafers, Land of Cockaigne and also the 
“world upside down,” and described also in both Slovenian legends about the Flood Myth, i.e. 
the time when we lost the utopian paradise twice because of reckless decisions and a 
disrespectful attitude towards nature.« Pangeršič Irena [7] [8] 

“In ancient times there lived giants, the Ajdi. They had a human form, but they were 
extremely big. The first generation of the giants lived at 'Glassmountain’, from where they 
moved to our highest mountains. If they wanted to talk with each other, they did not go to 
another village like we do, but they spoke while standing on the mountains. If one of them 
needed to borrow something from another one, he simply called and the desired object was 
thrown to him by his neighbour from the other mountain. They did not even go to fetch water 
with pots like we do, they simply leaned from the mountain and took the water from the river 
with a bucket ... since they lived for a long time it could happen that the grandfather held his 
grandchildren’s sons in his arms. The ancient generations of the Ajdi were sad when they 
realised the younger generation was not as largely built as they were. Finally, the youngest 
generation was born, and this is us, the people.” Vinko Möderndorfer [9] 

                                                 
1 Venelin was born in 1802 in the Nagy-Tibava village (Velika Tibava) in the Carpathian mountains of Georgius 
Hutz. This was a Hungarian area, part of the then-Austrian Empire, which is now western Ukraine. The historian 
regarded himself as Carpatho-Russian. He took the last name Venelin (Venelovič) and the Russian name Jurij as an 
adult when he moved to Russia. Available at http://www.hervardi.com/jurij_venelin.php. 
2http://www.atlantida.gr/Eng/engAtlasArcadia.htm 
3http://en.wikipedia.org/wiki/Arcadia 

River Po 
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And the legend about the beginning of the world says that the Slovenians were, in 
ancient times when God still lived on earth, giants called Ajdi. The story also says that God, 
the creator, lived together with these people. However, he abandoned us because the people 
were afraid of him because of his mightiness and brightness.Kelemina Jakob [10] 

In order to remember this and never forget that God went back to heaven, our 
ancestors carved this into stone and placed it solemnly in the place where God said goodbye 
to his people.  

 
 

'BUG OŠA SO VIŠAD' [venetian]= 'Tu je Bog odšel v višave' [slovenian];  
This is where God went to great heights;  

 
A Venetian inscription [pic.002] from Würmlach [Bumlje in Slovenian], more than  

2,500 years old, kept in the Provincial Museum of Carinthia in Klagenfurt.[11] 
 

Even though the ethnogenesis of the Slovenians , according to the Venetian theory, 
stems from the basis that they were as much Paphlagonian and Adriatic as they were Baltic, 
and ancient Armorican inhabitants called Eneti , Veneti , Venedi, or Vends  were actually 
predecessors of the Slavs  Robert Petrič [12] it is forgotten that people on earth only spoke one 
human language in ancient times, until the collapse of the Tower of Babel. And according to 
the records: »Abu 'Isa, the astronomer quoted by Abu al-Fida [13][»Historia Anteislamica«, ed. 
Fleischer, p. 18 in 19] [14], also tells the Biblical story of the Tower and the confusion« - he 
adds that only Eber's4 people were able to maintain the original language of humanity 
because they did not participate in the construction of the Tower of Babel. [However, Biblical 
scholars have discovered that Eber5 also means “away” or “outside,” out of the region or 
across, the opposite side, or “the ones who went away.”] 

 
 

 

The giant Nimrod building the Tower of Babel6[pic.003] 

                                                 
4 Eber - lingua humana [Latin]= »the human language« →according to Hebrew testimony 
5http://www.jewishencyclopedia.com/articles/7445-hebrew 
6Salerno ivory, 11th cent. http://www.tali-virtualmidrash.org.il/ArticleEng.aspx?art=28 
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... and the composition of the town of Babylon with the Tower of Babel  
was shaped in the form of the “all-seeing eye”, as an idea to enable  

King Nimrod to carefully follow the happenings on earth  
from his temple in heaven...7 

 
However, Pseudo-Philo VI. 5-18 [15] also quotes Abraham from this period, as well as 

eleven other men who opposed the construction of the Tower of Babel and thus were the only 
ones spared when God descended on earth, and the tower collapsed and burned down: 
»According to this Midrashic account, Abram with eleven other men whose names are given, 
refused to bake bricks for the building of the Tower of Babel. In consequence, they were seized 
by the people of the land, and brought before the princes, and on their persistent refusal to 
take any part in the building of the Tower, were condemned to be burnt. A respite of seven 
days is given them at the intercession of Jectan, “the first prince of the captains,” but at the 
end of th is time, if they have not already changed their mind, they are to be handed over for 
execution. Jectan, a secret friend, contrives their escape to the mountains, and eleven of the 
men do escape, but Abram refuses to flee, and remains behind. At the end of the seven days, 
the “people of the land” demand that the imprisoned men shall be produced. Jectan explains 
that eleven of them “have broken prison and fled by night,” but Abram is produced, is cast 
into the fire, but is miraculously delivered by God,8 who causes an earthquake which breaks 
up the furnace and scatters the fire, which “consumed all them that stood round about in the 
sight of the furnace; and all they that were burned in that day were 83,500. But upon Abram 
was there not any the least hurt by the burning of the fire.« 
 

 
 

The Tower of Babel9 [pic.004]   
 
And despite the long forgotten time of the construction of the Tower of Babel, when we as the 
only people were spared [ by being able to keep the original language of humanity], here the 
only remaining memory of these times is the inscription on the beehive panel [pic.005] kept in 
the Slovenian Ethnograhic Museum630:LJU;0007288[16] and named in the inscription as: 
The Tower of Babel”. : Inv. n. 7288; 13 x 28 cm; upper left corner number 8, and right corner 
number 88; the beehive panel was found at “Andrejčnik” in Gornji Grad in the Savinjska 
Dolina.  
 
                                                 
7Available on August 22, 2012 at: http://christianitybeliefs.org/thefuelproject/the-tower-of-babel-heaven/ 
8According to R. Eliezer b. Jacob it was Michael who delivered Abraham from the fire; but the prevailing view was 
that it was God Himself; cf. Bereshith rabba xliv. 16. 
9 Available on August 25,2012 at https://sites.google.com/site/crossbr/babel.jpg 
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The beehive panel [pic.005] 
 

 
 

The Tower of Babel = Bab-el10 … the Gate of God;  
and Ezra11 states in his records 8_88: 

 
88 You were so angry at us before, that you could have 
destroyed as all!89 You didn't, though – you were faithful 
and allowed some of us to survive. 90 But now we admit 
that we have sinned and are not fit to worship you. 

 
The brave decision of twelve men to no longer participate in the construction [considering that 
at first the purpose of the tower’s construction was to build a structure to worship and honour 
God – later the builders decided that the tower would be used by priests, because of their 
haughtiness, so that they could reproach God  the creator for his creation] could be compared 
with the unique law of the Slovenian people [Lawof the Twelve], preserved until the French 
occupation of our regions [1797, 1805-06, 1809-13], when they cut down all of the lime 
trees [the Slovenian tree of life] where this legal order had been preserved for centuries – i.e. 
the so-called “dvanajstija” or “the dozen.”12 And the Slovenians, more out of mockery than out 
of honour, still say about themselves when talking about their decisions that they are “more 
papal than the Pope himself”. 

With the cutting down of numerous lime trees, not only has Slovenian law died out, but 
also the so-called peak of people's joy, dancing under the lime, called ”the dance under the 
lime“ or ”the high dance” or ”the first paradise dance“. 

The lime tree appears as a holy tree in the tradition of all the ancient Slavs, but only in 
the Slovenian tradition is it respected as the tree of life. The 'typical' lime leaves that do not 
fade on the tree of life and represent health for the people appear in the tuft of feathers on 
helmets [seal of the marshal of Styria, 1278]. Šavli [17]. According to common belief the lime 
tree has magical properties because it protects from lightning, various accidents, diseases, evil 
spirits and witchcraft.  

Pliny13 the Elder mentions that the lime tree leaves help against a thousand cases of 
illness, while the lime tree wood does not get eaten by worms. Above all, the abundant lime 

                                                 
10 Hebrew:   bab-el,  from bab "gate" + el  "god" - Is it called gate of God because here God "came down"  
22.8.2012 on:  http://www.emergingtruths.com/tower_of_babel/tower_of_babel.html 
11 The name Ezra means “God helps” and his book [regarded by Christianity as apocrypha in some records = i.e. a 
forged paper] speaks mostly about the departure from Babel and the reconstruction of the eternal city. 
12 Rallies and legal actions took place under the lime trees; historic sources describe this as “institution sclavenica” 
(Slovenian law) and “consuetudo sclavorum” (Slovenian habit) – in Slovenian regions this task was assigned to the 
mayor and his “dozen,” comprised of twelve men who were at the head of the village community. These assemblies 
under the lime trees were preserved until the 16th Century [and ended with the peasants’ revolt ], while the mayors 
with their “dozens” lasted even until 1848; Even the most heated disputes between neighbours were solved under 
the lime trees. Unfortunately, a large number of lime trees were cut down during the French occupation, because the 
Slovenian legal order was not consistent with the French constitution. Šavli J. [17] 
13BOOK 24: CHAP. 34. THE LINDEN-TREE I FIVE REMEDIES.  

17



6 
 

tree inflorescence is excellent and the most rich honey chamber. The Book of Revelation [22, 1 
and 2] foretells that the tree of life will be a reward to the righteous for their good works at the 
end of the world. Quote: 1 And he shewed me a pure river of water of life, clear as crystal, 
proceeding out of the throne of God and of the Lamb. 2 In the midst of the street of it, and on 
either side of the river, was there the tree of life, which bare twelve manner of fruits, and 
yielded her fruit every month: and the leaves of the tree were for the healing of the 
nations.The Holy Bible: King James Version[18] 

Construction ofthe tower of Babel.“The construction of the high tower progressed 
gradually. Years had to pass for the ground floor to be completed. Because of the extent of 
the construction, the area appeared low, not at all grand, resembling more of a sheep barn 
than a house of God. Some priests already loudly expressed their doubts about the tower ever 
reaching the ’sky.’”... “The links between individual sites were gradually but completely 
interrupted. Everyone shaped his own way of life and customs. Years passed, priests died, 
their successors only accepted their heritage with lenient understanding and dreamed about 
their own great deeds. They simply did not believe that it could be possible to build a sky-high 
tower, since they already knew something about the sky, but they still believed they would be 
able to inhabit these towers.” ...And in the land of Shinar, after God had come down from 
heaven and confused their languages, many different kingdoms were created ... “The priests 
claimed that the communityof people who did not build the tower, are to be blamed for the 
failure. Should we agree with them? It is known that these people continued visiting that place 
still for many centuries after that and admiring the great deed of their ancestors. Anyway. A 
place remained that was intended to become a stairway to the sky, but it only remained a 
symbol of confusion.” Vladimir Kavčič [1914] 
 

 
 
 
Satellite archaeology in the area where the Venetians worshiped the place of God’s departure back to heaven 
[A=Würmlach] shows a large triangular formation [pic.006] with a central, partially oval part 
[https://maps.google.si/maps?hl=sl] 
 

                                                                                                                                                      
The linden-tree is useful, thougli in a less marked degree, for nearly all the same purposes as the wild olive. The 
leaves,  however, are the only part that is made use of for ulcers upon infants ; chewed, too, or employed in the form 
of a decoction,  they are diuretic. Used as a liniment they arrest menstruation when in excess, and an infusion of 
them, taken in drink, carries off superfluous blood. [20] 
14PROBLEMI: magazine for culture and social issues – Year 1, n. 1 (1962) – Ljubljana: Society for theoretical 
psychoanalysis, 1962- . -24 cm. 

Würmlach 
 
Raufen 
 
St.jakob 
 
Silian 
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Satelite magnification ofone of theanglesofa gianttriangle [pic.007] 
 

Even detailed enlargements in the western part of these triangular formation show the 
shape is correct but unfortunately collapsed [triangular formation = town, and oval formation 
= parts of the tower][pic.006]. Satellite archaeology also reveals that a huge triangular 
formation15 really does represent the shape of the “all-seeing eye of God” [pic.008, 009] 
which was once worshipped by the Egyptian community, while today it is known in Hinduism 
as the third eye of the god Shiva, worshipped in Christianity as the Holy Trinity, and 
representing the “Eye of Divine Providence” in freemason societies – which actually represents 
the seat of the soul and whose first worshipper was Nimrod himself – a great man and hunter 
before God [adapted from Bible 1 Mz 10,8-10,9 and Ch 1,10] [21]. 

 
 

     
 

Above [Pic.008 in 009] 
 
»And they said: come, let us build us a city, and a tower (11:4)« … »A third of this tower which 
they built sank [into the earth], a third was burnt, while a third is still standing. And should you 
think that it [the remaining third] is small — R. Huna said in R. Idi`s name: When one ascends 
to the top, he sees the trees below him like grasshoppers.«Midrash Rabbah [22] –'even after 
there was only one third left and the trees below still looked like grasshoppers'. 

 

                                                 
15Giovanni Villani (1300)[23]: He relates that "it measured eighty miles round [129 km], and it was already 4,000 
paces high (5,920 m (19,423 ft)) and 1,000 paces thick, and each pace is three of our feet." [14]. Tower and wall of 
Babylon was began 700 years after the Flood or 2364 years from begining of the world. 

The all-seeing eye  
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The City and the Tower of Babel - The European Parliament [pic.010, 011] 
 

As a curiosity: the recomposition of the Tower of Babel represented by the EU 
Parliament building complex literally recreates all key elements of the archaeological remains 
of satellite archaeology: the triangular eye shape = the main building, dome shape = the 
eyeball, the  unfinished shape of the entrance hall = the portal where God left Earth. 

The ancient people – Venetians, who went on a pilgrimage after the collapse of the 
Tower to the town of Bumlje where God had left them – can be paralleled with the Samoyedic 
people from Ural who call their language Yenetic [as Slovenian and Venetian, also the Yenetic 
language knows the dual form, which is basically only found in one other language – the 
Sanskrit]. 

Today,few world languages use the grammatical dual. Among those that can boast 
this language characteristic are allSamoyedlanguages as well asSlovenian,whichdeveloped 
from theVenetianlanguage. Researchshows that Slovenian is theoldest proto-languagein 
Europe. However, thedualis not the onlycommon featureof the Slovenian 
andSamoyedpeoples. They also share afeaturecalled GIANTS, who had supposedly lived on 
earth[fairy tales, legends, the Bible, Siudbabts16– the heroic epics of the Nenets about the 
giantsandEneoh’s records17]. The legend goes that the original 
12giantslivedonCrystalMountain, from where theymoved to the 
Slovenianmountainsandsettled[24]. 

Enormousforms, suggestingthearchaeologicalbuilding remains of giganticproportions, 
are represented at ‘Špik nad Policami’[Jôf di Montasio in Italian or ‘Montaž’ in Slovenian], 
which is located in theVenetian Alps [now known as the Julian Alps]. 
 

     
 
Little ‘Sphinx’ or ‘big pussy-cat’[pic.012] [height of approximately7 m and length ofapproximately10 m] anda big 
‘Window’[pic.013], both on the mountains of  ‘Špik nad Policami’ 

                                                 
16http://www.everyculture.com/wc/Norway-to-Russia/Nentsy.html 
17Noah'sgreat grandfather, whoserecordsareonlyrecognized by the EthiopianandEritreanOrthodoxCommunities, 
accessedon25 August 2012at 
 http://en.wikipedia.org/wiki/Book_of_Enoch 

20



Scientific research article 
 

9 
 

      
 
‘Double Window’ [pic.014]and the presentation of the size of a managainst thehugebrick rocks [each stratum is 
approximately3-7 m high] – named ‘Lego bricks’18[pic.015] by the author[Primož Blaha] of the photo. Both on the 
mountainsof  ‘Špik nad Policami’ 
 

       
 
Megalitsontop of a mountainŠpik are overlookingthe valleybelow all on the mountains of ‘Špik nad 
Policami’[pic.016,017,018] 
 

      
 
Demolished megalithictempleMetulum [formertemple ofthe sun]and enormous ‘snake head’19[25]stone foundalso 
under the mountainŠpik by Dimitrij Kebe20and his relative in August 1999 [pic.019,020] 

                                                 
18 Primož Blaha at http://primozblaha.wordpress.com/2011/10/03/poliski-spiki-1-10-2-10-2011/ 
and Špikomanija at http://www.gore-ljudje.net/novosti/57683/ 
19Stone caled ‘Snake head’ [in Slovenia] or ‘snake egg’ [in Britain] or ‘chicken god’ [in Russia]. Such stones have 
been discovered by archaeologists in Britain, Egypt and Slovenia. Stones were believed to have magical powers such 
as protection against eye diseases or evil charms, preventing nightmares, curing whooping cough, the ability to see 
through fairy or witch disguises and traps if looked at through the middle of the stone, and of course recovery from 

21



10 
 

Enormous‘tables’ or ‘mushrooms,’ asthey were known by the localsin theSloveniankarst 
region, are also theremnantsofthe ancient,heroictimes whenthe firstgenerationsof giants lived. 
[pic.021,022]  
 

     
 
Theyhave been preserved up to the present time. Stone mushroom[Left pic. 021] and Tomaž’s Table[Right pic. 022]. 
 

King Matthias, mighty giganticHyperborean [Arcadian] king.The version of the tales 
about King Matthias, who sleeps in Peca, deriving from the Lower Carniola (Dolenjska), talks 
about the mighty gigantic pagan king (Ajdovski kralj in Slovene) [27], who 
provokedaconflictwith God –KingMatthias, the ruler of Slovenians [28]… and ‘every hundred 
yearsthe goldenbirdflies to Sveta Gora[Mount PecaorKordež’s Head] andsings a song. King 
Matthias wakes up, looksaround the world,and goes backto sleep.However, when times will 
be the worst, thegoldenbird will sing so sadly that Sveta Gora will open and King Matthias 
andhiswarriorswillwake up andkill all the tyrants. And again justice will rulethe earth’. Do you 
know whoKing Matthias is? This is a Sloveniansoulwho, together with his knights, sleeps in the 
mountain for centuries because they were captured by the enemies of the Slovenian nation-
adapted fromMalovrh, MiroslavKralj Matjaž [29] 
 

 
 

King Matthiasand his knights on a beehive panel, above [pic.023] 
 

According to legend, King Matthias sleeps with his knights21 in the cave on Mount Peca 
andwhen hisbeard will grownine timesaround thestonetable they will all wake upand take the 
human raceonce againto the Golden Age. 
 

                                                                                                                                                      
snakebite. According to popular conception, a true adder stone will float in water. The stone can be any rock with a 
hole bored through the middle by water. Human intervention is not allowed. [26] 
20 Magazin Misteriji september 2011 on: http://www.misteriji.si/art/Letnik_2011/Misteriji_218 
21http://www.akropola.org/App_Upload/Image/galerije/slike/PR_SLO_Kralj-Matjaz-%20big.jpg 
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Has King Matthiaswoken up? … King Matthias, the rulerof the Golden Age who has stirred the imagination of 
Slovenians for centuries, indeed showed up on Mount Peca in 200622– the shape isvisible fromTopla 
DolinaValley23near ‘Črna na Koroškem’24. [pic.024,025] 
 
In Greek mythology, is the rulerof mankindin theGolden Age ofTitan,Cronus, who ruled the 
earth along with the otherelevenTitans. The establishment of the newGolden Age of Kronos, a 
timeof peace and justice,“when a new generation of humanity is supposed to have comedown 
from heavento the earth,” is also described by the poetVirgilin the fourthEclogue25. [30] 

Now the last age by Cumae's Sibyl sung 
Has come and gone, and the majestic roll 
Of circling centuries begins anew: 
Astraea26 returns, 
Returns old Saturn's27 reign, 
With a new breed of men sent down from heaven. 
 

In the foreword to a collection of"VolksliederausKrain" (Leipzig 1850,p. X), 
AnastasiusGrünwrote thatKing Matthias was “ein fastfabelhaftesWesen” (an almost fabulous 
creature). In a text written by Peterlin from Lower Carniola – Grafenauer No. 41 –King 
Matthiasisa kind ofgiant, three times bigger than the biggest among the currently living human 
beings and a modern man does not drinkeven a half of the measure that was three times a 
day drunk by the smallest subject of King Matthias. King Matthias considers the people who 
currently live on the Earth nothing more than weaklings, whom he will get rid of when he 
wakes up.This is where the traditionof the weakening human race derives from (cf. Št. Kuhar, 
Kakši so bili lidjé prad nŕmi pa kakši do za nŕmi? ČZN VIII, 1911. 61) [31] 

King Matthias–IX. Written down by Rok D[rofenik] Gorski in the areaaroundPtujska 
gora. VrtecXVII, 1887, No. 12.213-214(hereinafter the publications and reprints of Vrtec from 
1884– therefore No. IX) Varianta h Graph. t. 23-37, »Obisk pri Kralju Matjažu« - 'Visit at King 
Matthias'; prim. Graph. t. 41 and 42. Contents: the missionary who is sentenced to death (!) is 
promised to be released, if he goes to the kingdom of King Matthias and inquires about the 
Judgment Day. On the way there he takes a nap, just for “a few hours” =300 years. When he 

                                                 
22 Accessed 22 Aug. 2012 at https://24ur.com/ekskluziv/zanimivosti/kralj-matjaz-na-peci.html?ar= 
23Topla istheAlpine valley below the southern walls of Peca near Črna na Koroškem. Being one of themost beautiful 
and interestingSlovenianvalleys, thearea, which covers about1350hectares, has been protectedsince 1966 as a 
natural parkand a natural monument. Through the valley, Topla stream runs, which flows into Meža River. 
24On 8 January 2006, Slovenian songwriter Milan PečovnikPiđi discovered the face of King Matthias in the 
rocksofMt Peca  
25The Eclogues also called the Bucolics, is the first of the three major works of the Latin poetVirgil. 
26 Alias Justitia – Personification of justice 
27 Cronus 
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arrives to King Matthias, he tries to pull the sword from thescabbardandlearns that 
theJudgment Day will come when the“sword will jump from the scabbard alone.” After 
returninghome, the missionarydoes not dieimmediately.[31] 

Ancient famous Paradiseriver Ister.According to Herodotus [4th book, chapters 48, 49] 
[32] the Eden River called Ister [river called after goddess Ishtar], which was still known in the 
Silver Age, was the most prominent river in the Old World and following its passage into the 
present area of the Black Sea it ramified. While in Herodotus’ time it had a five-branch river 
mouth, it currently has only a three-branch one [and an artificial river bed]; in the period 
before the Flood it probably had a four-branch mouth [pic.028,029].  
 

       
 
Goddess Ishtar and all-seeing eye [pic.026]; Holy Lady on the ancient cathedral of Carantania, the first Slovenian 
state – 'Gosposvetsko polje', Gospa Sveta (german:Maria Saal) [pic.027]; Below: Reconstruction of the Garden of 
Eden according to the record in the Bible [pic.028] 
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Ister, also known as  Savus, on Abraham Ortelius’ map from 1624[33] [pic.029]. Easter/Ister is the second name for 
Ishtar or Astarte, “the Queen of Heaven or Eden Queen.”28 
 
The changes on the earth’s surface in the area of the Black Sea were major after the Flood 
[pic.030,031]. As William Ryan and Walter Pitman from Columbia University established in 
1997, the common theory of the formation of the Black Sea indicates that a massive amount 
of water flowed through the Bosphorus Strait [present Istanbul], where the water from the 
Mediterranean flooded and filled a smaller freshwater lake.  
 

      
 

The deep bed of the former river under the Black Sea from the Mediterranean through the Bosphorus [pic.030] and 
part of the structure of large settlements under the Black Sea [pic.031] 
 
This catastrophe irreversibly changed the history of the people living in this area, as well as the 
life of animals and plants. According to the theory, before that date the glacial melt water that 

                                                 
28 “8 And the LORD God planted a garden eastward in Eden; and there he put the man whom he had formed. 
9 And out of the ground made the LORD God to grow every tree that is pleasant to the sight, and good for food; the 
tree of life also in the midst of the garden, and the tree of knowledge of good and evil. 10  And a river went out of 
Eden to water the garden; and from thence it was parted, and became into four heads. 11 The name of the first is 
Pison: that is it which compasseth the whole land of Hav'ilah, where there is gold; 12  and the gold of that land is 
good: there is bdellium and the onyx stone.13  And the name of the second river is Gihon: the same is it that 
compasseth the whole land of Ethiopia. 14  And the name of the third river is Hid’dekel: that is it which goeth 
toward the east of Assyria. And the fourth river is Euphra’tes.” The Holy Bible[21] 
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once supplied the coasts of the Black and Caspian Sea, and the freshwater lakesthat occupied 
vast areas, emptied into the Aegean Sea. As the glaciers retreated, the water level was 
reduced [...]29William Ryan and Walter Pitman [34]. Yet the colossal changes led also to the 
loss of any trace of the four rivers that once flowed from Eden.   
 

 
Gospel of Thomas, 18  [35] 

.. For where the beginning is, there will the end be .. 
 
Reconstruction of the Garden of Eden according toKing Nimrod's regional planing of Tower of Babel in shape of the 
all-seeing eye of God[pic.033] 
 

Conclusion. In Greek mythology the soul represents the beginning of life and the 
beginning of living nature. For Anaxagoras it represents the cause of movement, Thales  adds 
counter pole nature with movement,  while according to Aristotle the theory of the soul is in the 
metaphysics30 of the living world, the highest level of which is the human being. Kalan, 
Valentin [36]  Man’s creation  according to the Bible places him into Eden, which existed in a 
material way, considering that it is described as the area of four rivers that watered the garden 
– the Pishon, the Gihon, the Hiddekel and the Perath. Among other things, there are also the 
tree of life and the tree of knowledge of good and evil growing in the Garden of Eden, 
standing in opposition – the usefulness of each is to be judged by the human, who is not 
aware of the consequences that await him. Krause, J.E. and Terrien, S. [37] As a means of 
global arbitration and just action of the human, according to ancient Egyptian beliefs, it 

                                                 
29 Accessible on 30 May 2012 at: http://sofiaecho.com/2011/07/07/1119372_archaeology-black-seas-ancient-
coast-found-report 
30 a philosophy that  deals with the principles of reality which are inaccessible and unrecognisable to emotions 
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represents the eye of “Udjat”31, which lives its own life and represents the symbol of the soul’s 
wisdom. In Hinduism the nucleus of the soul was represented by a third eye [the seat of the 
sixth chakra], the main organ of which is the hypophysis, which is functionally divided into 
adenohypophysis and neurohypophysis; in an anatomical  sense it is divided into the anterior 
lobe, the middle lobe and the posterior lobe. Štiblar-Martinčič, D.[38].  

Democritus claimed that the soul is some kind of fire and warmth [Aristotle in Kalan, 
V.][36] that is the beginning of life, also described as the oldest belief in the soul in the form of 
a bird in the myth about Phoenix, the purple firebird made of the force of life which 
represented the soul in the Egyptian world. The two-headed Phoenix, however, as the 
androgynous freemason symbol of the 32nd and/or  33rd level represents the royal memorial 
and the messiah from whom the salvation of the world depends on, and whose mission, 
symbolised by the old coat of arms, is also attributed to the Province of Carniola. [pic.033] 
 

 
 

The two-headed blue and golden Phoenix on the coat of arms of the Province of Carniola and the one-headed red 
and golden Phoenix on the coat of arms of Kranj in the code: “The Kranj Antiphonary”32 writer and illuminator 
Ioannes von Werd de Augusta, August 17, 1491.[39] [pic.033] 
 

New Golden Age.A folk tale says that he there shall be a decisive battle at the Sora 
plain [field near Kranj] in which seven kings shall compete. A "spruce with seven peaks" 
sprungat the Sora plain, causing the beginning of harsh times. Seven largearmies come to the 
plain, where it is decided who shall be the lord of  the world.  

The war is ended with the signing of a peace treaty by theseven kings under the storm-
weathered three [with seven tops] [40], after  which the Golden Age follows. [41]  According to 
the folk song, the marvellous rays of a Golden Age shall glow from the sky and calm the 
whole world. Different nations shall celebrate together, everyone shall be their own lord, and 
the most beautiful day shall come for the Slovenian nation. [41] 
 
 
 
 
 
 
Translated by Brina Beškovnik Hrastar, University graduate in translation 

                                                 
31 the eye of Horus (originally the eye of Ra) is the symbol of indestructible royal power. The eye is comprised of six 
shapes, which match the six senses : touch, taste, hearing, thought, sight and smell. Horus was the  ancient Egyptian 
god of the sky; one of his eyes was the sun , the other one was the moon.  Ra (also Raa) in ancient Egyptian 
mythology is the god of the sun, the creator of people and gods. He is the highest god in ancient Egypt.  
32 book of choral songs, sung in turn by two choirs or by a solo singer and a choir 
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one-headed red and golden Phoenix on the coat of arms of Kranj in the code: “The Kranj 
Antiphonary” writer and illuminator Ioannes von Werd de Augusta, August 17, 1491. 
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»Fractal geometry will make you see everything 
differently. There is danger in reading further. You risk 
the loss of your childhood vision of clouds, forests, 
flowers, galaxies, leaves, feathers, rocks, mountains, 
torrents of water, carpets, bricks, and much else 
besides. Never again will your interpretation of these 
things be quite the same.« Barnsley, Michael F.,Fractals 
EverywhereChapter I (p. 1) Academic Press, Inc. San 
Diego, California, USA. 1993; inGaither [1] 

 
Abstract: For us, nature is a multitude of phenomena that sometimes appear 
coincidental and chaotic, and to understand the entire reality, we use several 
scientific theories, philosophies and religious views that we observe and 
compare to our own mental models which mostly do not let us perceive the 
whole only as one reality and we are, when it comes to physical nature and 
dynamics, under the influence of scientific models that treat reality as a kind 
of machine, consisting of an unimaginable number of parts that influence 
each other under certain static and physical laws. The creation of a single, 
final theory that would explain the existence of all matter, energy and natural 
forces is getting closer today with the standardisation of quantum theory and 
general theory, or “the theory of everything”. However, despite the scientific 
progress and optimistic search of a scientific “theory of everything”, we 
increasingly feel that something is missing and it will stay missing until we try 
to form our view of life only on the basis of science. “We are, in fact, forced to 
accept scientific absolutes with unconditional trust – in a similar way that we 
accept religious beliefs. It is not possible to prove that speed of light is 
constant and unsurpassable any better that it is to prove the existence of 
God.” [2]. Thus, if we are finding out that sciences cannot offer all absolute 
truths that would guide us, and that religions are not all about superstition, 
we could find out that sciences and religions could complement each other. 
Religions consist of secrets that are inaccessible to science all the time, while 
sciences contain understanding that would remain secret any way. 
Furthermore, answers need to be sought also in the connection between 
physical structures of nature and creations of the human hand, in the 
conjunction of elements of social activities and processes. 
 
Key words: biological fractals, operation of swarms, dimensions of space and 
time 

 
The nature of the world, perceived with senses [sight, touch, taste, smell and hearing] is, in fact, 
unidentifiable and the “fundamental question is how, when and into what it changes, and why 
it sometimes does not. [...] The form therefore acts as a principle that organises [coordinates] 
disharmonies of opposites and disorder [...] the urban area, the spatial unit and at the same 
time the entire world – and here, space and time as fundamental concepts that influence our 
ways of understanding the existence of the world ...” Similarly to the geographer Dr. Andrej 
Černe, also the sociologist, Dr. Drago Kos determines: “it is practically impossible to cover all 
symbolic and semantic, essentially worldly dimensions of space. Three basic coordinates might 
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suffice in geometry or geodesy, while the social space is much more curved and it is therefore 
more difficult to analyse. At the same time, space is also sensually and explicitly concrete, as 
well as abstract and conceptual. It can be generally available or totally exclusively closed, so to 
speak locked, it can be totally individualised or generically unspecific etc. In modern empirical 
and also theoretical tradition, this is a problem that exceeds the known methodological 
instruments” [3]. The still hidden nature is also presented in: The Gospel of Thomas, in own 
words of Jesus Christ: » '1' … Whoever hears these words shall never taste death … '3' … the 
Kingdom of God is inside of you, and it is outside of you … '77' … Split a piece of wood, and I 
am there. Lift up the stone, and you will find Me there … « [4]. A riddle on the true image of the 
nature of the world and its solution is actually equally exciting as the story about Rarg:'A land so 
perfect that the sun never rose until it was absolutely sure that everyone was awake. Everybody 
was happy in Rarg until one day an astonishing discovery was made that was to change their 
lives. The Rargians discovered that they are just a dream'… [5]. 

Biologistic society: The inseparable addressing of social, natural, cultural and economic 
environment can be found in the so called biologistic theories for which it is characteristic to 
contain factors and mechanisms which occur in biology and have a holistic view of reality. The 
thesis about society and the reflection of social activity in the common social, natural, cultural 
and economic environment as a living organism including basic and more complex forms, or 
as a super-organism, which develops in an organicistic and evolutionistic way, is presented by 
Spencer [6] as the founder of socio-biology, and Geddes [7] as a biologist and theorist and the 
father of modern city planning. Organicistic theories about the nature of society were already 
present in Plato’s Republic with the statement that the same laws apply to the individual and to 
society ... as written by MacDonald [8]. Identical theories are also written in the Manu holy 
books, namely that castes originated from different parts of the Creator’s body [9]. Organicists 
Lilienfeld [10] and Schäffler even tried to prove that society is in fact an organism, where they 
tried to find out how the nervous system corresponds with the government, the transport with 
the vascular system and which organ in the human society would correspond with individual 
organs in a live organism. J. K. Bluntschli [11] also agrees with their theory, claiming that the 
state lives as an organic formation or as a combination of legislation and politics, which 
operate reciprocally. Scientific research studies of organic state formations can also be studied 
according to the philosophy method and the method of historic facts, considering that the state 
as a moral organism is not a product of cold logic, as the legislation is not a collection of 
speculative opinions. [11] 

The State – homeostatic organism.According to H. Spencer’s theory, the state – as an 
organism – is homeostatic [12], which means that the change in one part triggers a change in 
other parts in order to keep the system in balance. It develops in a similar way as other 
organisms in evolution, i.e. from simple forms to more complex ones. The human society, 
however, is – as an organism – the most perfect evolutionary formation [13]. The concept of 
creation which operates as an organism is also adopted by Leonardo da Vinci, who is 
convinced that by knowing the function of the human organism we can apprehend and 
understand the operation of the entire universe. [14]. Even the condition to create an ideal 
society was already seen by Renaissance architects in the design of the ideal city, built 
according to the patterns and measurements of the human proportions, in order to ensure 
order and harmony [15] to the society through the ideal city structure. The Renaissance thought 
of the human organism as an ideal city is continued and researched by Patrick Geddes [7]. 
According to Geddes, the planning has to start with an analysis of real conditions in the region, 
with resources in the region and the human response to these resources, as well as an analysis 
of their complex consequences, shown in the cultural landscape. The analysis of real conditions 
before the actual plan was Geddes’s motto. The region represented a basis for the renovation 
of the social and political life. With this, Geddes provided a substantive framework for the 
thinking of numerous other regional and other planners [16]. Following Geddes, further 
research of city structures is adopted and continued by Lewis Mumford whose thinking also 

36



Scientific research article 
 

3 
 

influences Frank Lloyd Wright, who is – according to many – the founder of organic architecture 
and one of the most passionate defenders of regional planning.  

Organic planning.As a new challenge and response, organic planning is supposed to 
set on its rails the current chaotic scenario, where urban planners are losing their last battles of 
a legitimate relationship towards spatial planning. Space should be planned and constructed 
on the basis of individual needs, individual findings and within a modern development which is 
not hostile to our natural and cultural heritage. Mumford also presents an argument about how 
and why these organic-society and space based formations are made: “Due to an increase of 
brain growth, which directly exceeded the human’s direct functional needs, the human was 
capable of developing new organs outside  his body, without being attached – as in other 
organic adjustments – to an infinite continuation of these organs. By remaining non-specified, 
man opened a thousand new ways for himself and for a further development.” [17] “While 
other organisms only need as much past as they carry in their genetic codes, and only as much 
environment as is available, the real human capacity depends on their access to more distant 
events, those coming from memories or those projected into the future, as well as to more 
distant or inaccessible parts of the environment. When materialisation is created, it is not 
possible to achieve with direct efforts any equal quantity of experience within the limits of only 
one life.” [17] “Organic planning does not start with a pre-designed intent; it develops and 
moves based on individual needs, individual opportunities, in a long line of adjustments that 
become more and more consistent and efficient, so that in the end they create a complicated 
final design of a sketch, which is hardly less uniform than the pre-designed geometric pattern.” 
... “Those who refuse organic plans as unworthy of their name, confuse pure formalism and 
correctness with efficiency, and incorrectness with spiritual confusion or technical 
incompetence.” [17] 

Man – the original plan of creation.  Also the holistic-sophistic, philosophically oriented 
anthropocentric view places man in the centre of action. It gives him the role of honour, i.e. 
seeing man as a plan of everything that exists. Holy geometry or the original plan of creation 
can be found both in the golden cut as well as in the system of Mandelbrot’s [18] fractal and in 
holographic theory, according to which every part of the holograph contains all necessary 
information for the description of the overall state. Even Kabbalah comes close to Protagoras’s 
statement that man is the measure/measurement of all things and all processes, when it offers 
in its tree of life a holistic explanation of man as a microcosm in a macrocosm. Pantheism is 
not far behind, equating the Creator with the creation – here also the anthropocentric principle 
needs to be taken into account = man is not only the culmination of creation, but also its 
master. Still, despite man’s presence elsewhere than on Earth, anthropocentrists do not perceive 
themselves to be masters of the solar system or masters of the universe or the multiverse. The 
anthropocentric view on man as the master of creation, also adopted by Judaism, Christianity 
and Islam, can also be compared to the non-compliance of relativism in the sense of 
awareness that for our existence other forms of life are also important, and that social an 
mutual relations and the care for nature are not separate elements, considering they are co-
dependent and as such reach the whole world within the concept of globalisation. 

Hypotheses.HYPOTHESIS 1: The creativity of the geo- and bio environment of Nature 
operates as a workshop where social individuals are the co-creators who – with their social, 
cultural, and economic interventions in space – structuralistically co-create the developing 
dynamic supra-organism.  HYPOTESIS  2: The geo- and bio- natural structures on Earth with 
their cycles and development phases, complemented by collective and individualistic 
adjustments and co-creation of habitat coevolutionary structures, gradually change into more 
perfect and more sophisticated forms and readable multi-dimensional, and more and more 
time-concentrated and fragmented projections that allude to the organic evolutionary form of 
the dominant individual. HYPOTHESIS 3: The antagonistic and reductionistic approach and 
intervention into space which does not consider the holistic and synergic structurally 
interdisciplinary and potentially perspective procedures of planning, causes an effect of static 
and instable inner states that is reflected – in a combination of natural and social habitats – as 
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a statistically critical deviation, where the union of all deviations can also be reflected as a total 
escalation and collapse of the systems that preserve us, enrich us and develop the past, present 
and futuristically oriented social and cultural development. 
HYPOTHESIS 4: Different developmental, multi-dimensional interdisciplinarily shaped forms 
indicate in a semiotic way and with a conductor orientation the needs and efficiency of 
planning, which can only result prosperous with adjustments to an individual form, while at the 
same time the positivity of the first tradition is restored and, if needed, the energy of 
polarisation annihilation can be enriched and used. HYPOTHESIS 5: The synergy in the 
guidelines of spatial planning with the use of sophisticated structures of organic planning is the 
interdisciplinary connection of multilayer levels into a holistic whole, which protects 
multiculturalism and the habitat bio- and geo- diversity, while specialisations of individual 
sciences are still implemented in their strict reductionism, which leads to an even more perfect 
understanding of the whole. PREVIOUS HYPOTHESES: The Earth is a living creature, a 
hypothesis supported already by numerous thinkers through all historic periods: Pythagoras, 
Democritus, Plato, Aristotle, Leonardo da Vinci, Descartes, the pioneer of modern time, Dr. 
James Ephraim Lovelock, and others. 

The Earth fractal and the Homo sapiens sapiens fractal. Even the characteristic feature 
of the Homo sapiens sapiens fractal is shown in the infinite geometric complex structure, where 
a certain level of self-similarity is already detected, but not always equally expressed. In certain 
basics it is expressed as a real or physical fractal, in others as an exact or mathematic fractal. 
The difference between them is that self-similarity in mathematic fractals only exists on a truly 
small scale, which means that their fractal structure is expressed also when ε→ 0, while in real 
fractals this self-similarity finally ends with a big ε. There are a great number of real fractals in 
nature and some of the typical examples are listed here: mountain ranges, outlines of coasts, 
clouds, large rivers deltas, cities, network of blood vessels, the heartbeat, ferns, blades of grass, 
treetops, cauliflower, broccoli, etc. Of course, you will not be able to see self-similarity in these 
systems without imagination. It is much easier to notice this characteristic in mathematical 
systems that have fractal solutions for certain parameter values. These systems occur in social 
and political structures, whose peak is represented by the state homeostatic system where 
certain formations are already connecting into more highly developed formations that are more 
easily traceable as visually pure mathematical fractals. However, because the Earth fractal is – 
as the Homo sapiens sapiens fractal – a time-space fractal, it is also necessary to consider the 
deviation from the real formation due to the phase age factor [because not all homeostatic 
formations are completely shaped, this indicates a very early, actually fetal stage of 
development of the Homo sapiens sapiens.] 

Behavioural models.A record of apparently complex behaviours of natural phenomena 
with the use of procedural models [computer programmes] which include actions and 
autonomous characteristics of virtual worlds – based on repetitive behaviours of birds – was 
presented by Craig Reynolds with his implementation of the Boids programme [based on 19, 
20]. He presented movements on the basis of three basic rules: separation, alignment and 
cohesion. This kind of approach meant a great step forward in comparison to traditional 
techniques used in the film industry or, more precisely, in all types of computer animations in 
the 80s of the previous century. Prof. Dr. Forest Kenton “Ken” Musgrave (aka Doc Mojo) 
entered history with the construction of fractal planets, recreating with a fractal construction of 
virtual reality: multifractal terrain models, static erosion gradient fields, ontogenetic geometric 
atmospheric density, proceduralism [it abstracts copious detail into a compact set of instructions 
for its reproduction] and with the capability to explore these worlds interactively.A progress in 
the expansion of the basic Reynolds model is presented by Delgrado-Mata [21] who expanded 
the basic model and included the consideration of the effects of fear, and by Hartman and 
Benes’s [22], whose model presents complementary forces in algorithm alignment, which they 
called “change of leadership” – a force that enables each agent to become the leading one 
and try to escape, etc. [based on 23]. Here we could look for a fractal connection of bio-life 
with artificial intelligence, through the basis of which an interconnection between psychology, 
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neurology, mathematics, logics and other sciences – with the purpose of making a machine 
that would imitate humans’ thinking, emotions and consciousness – was already conceived in 
the 40s of the previous century by John von Neumann [24]  in his researches of advanced 
computer architectures with a foundation on parallel processing. He named this structures 
“cellular automata” [CA] – whose basic characteristic was its inner state that can be changed 
through discrete time steps by the cell, based on its own state in the previous step, and on states 
of its neighbouring cells in the previous step.  

This type of behavioural models, called the CA can be compared – fractally speaking, 
seen through a time component – to the development of the red blood cell – the erythrocyte 
[i.e. a smaller version of the real physical fractal, the Homo sapiens sapiens], whose 
developmental phases are also based on the changing inner state, while these phases of the 
changing cell [aka cellular automata] act exactly in the opposite direction – from the most 
complex to the simplest inner state, also becoming smaller in each transformation [this is the 
degradation of size from 60 μm to 6 μm]. And if we draw a parallel here with the development 
of the human race: could we therefore say that this is a degraded race of giant ancestors, 
whose achievements and capabilities were once something to be envied? This hypothesis can 
also be silently proved by giant architectural creations from around the world [25]: 

• 200 ton blocks at Ollantaytambo and Ollantayparubo, Peru  
• 100 to 200 ton foundation and wall blocks of Puma Punku, Tiahuanaco, Bolivia 
• 340 ton 65 feet high standing stones of Brittany, France  
• 2000 ton foundation stone, and 1000 ton 180 foot stones fitted 20 feet up in the 
building at the Temple of Jupiter, Baalbek, Lebanon  
• 50 to 300 ton blocks of Sacsayhuamen, Peru, fitted precisely  
• Walls 40 feet thick, Chan Chan, Peru 
• Stone heads the size of a 7-storey building, on Easter Island  
• 25 to 50 ton blocks at Stonehenge, England  
• geometrically shaped blocks at El Enladrillado, Chile:12 to 16 feet high, 20 to 30 feet 
long, and weighing several hundred tons  
• 170 ton stone tomb on Tonga Tabu, Pacific Ocean  
• 65 foot giant statues, at Thebes, Egypt  
• Statue 18 stories high, Bemian, Afghanistan  
• 20 ton blocks of Bosnia piramids  

And instead of looking for sophisticated and complicated ways how these architectural 
structures were built, it would be better to ask: Why would ‘little people’ of an average height of 
6 feet make superhuman effort to build structures that could only be used by giants? As prophet 
Hadith says in 4:543 and 4:544 of the Narrated Abu Huraira [26], the first man, i.e. Adam, 
was 60 cubits tall – this is ten times more than the average height of the Homo sapiens sapiens 
today. 

Fractally speaking: 
 The range of erythropoiesis of the erythrocyte is from 60 μm to 6 μm 
 The maturation of the Homo sapiens sapiens according to Hadith's records is from 60 

cubits to 6 feet[taking into account that a part in this unique developmental state can 
also be attributed to the creation of our only satellite – the Moon – and its distance from 
Earth, which was not always the same as it is today ...]: 

The fact that people of the past were of immanent size, and were eventually degraded both in 
their figure as in their strength, is present in myths and archaeological findings around the 
world. The giants were always the topic of discussion in ancient records:: Numbers 13,32-33 
[27];Judith 16,7 [28]; Wisdom of Solomon 14,6 [28]; Sirach 16,7 [28]; 3 Maccabees 2,4 [29]; 
2 Samuel 21,20 [28]; Chilam Balam Of Chumayel [30]; 1 Baruch 3, 26 [28]; Plutarch's parallel 
lives: Theseus 36 [31]; I.Herodotus 68 [32]; II.Herodotus 155 [33]; III.Herodotus 82 [34]; 
Flavius Josephus Book I, Ch 3, 1 [35]; Flavius Josephus Book I, Ch 9 [35]; Flavius Josephus 
Book III, Ch 14, 2 [35]; Flavius Josephus Book V, Ch 2, 3 [35]; Flavius Josephus Book VII, Ch 
4, 1 [35]; Flavius Josephus Book VII, Ch 12, 1-2 [35]; … 
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Table 1: Very first people of immense stature later degenerated in size and vigour + Erytropoesis 

 
Some cultures count with more than five previous worlds. For example, we learn from a 

Hebrew tradition called 'Shmi Tot' [36] that each of the previous worlds was destroyed in a 
cataclysm. The Jews believe that the world exists in cycles and each ending of a cycle is 
considered as a transformation. A Jewish legend tells:  
»Nor is this world inhabited by man the first of things earthly created by God. He made several 
worlds before ours, but He destroyed them all, because He was pleased with none until He 
created ours. But even this last world would have had no permanence, if God had executed His 
original plan of ruling it according to the principle of strict justice. It was only when He saw that 
justice by itself would undermine the world that He associated mercy with justice, and made 
them to rule jointly.« 

‘Shmi Tot’ [36] states that Noah’s great-great grandfather Enoch, who lived before the 
great Flood, actually lived in the seventh creation of this world and that today’s eighth creation 
can become perfect even without a cataclysmic demolition if the entire community proves to be 
worthy of this in front of the Creator. With a fractal parallel we can once again relate to the 
developmental groups of the erythrocyte: even the 8th developmental stage [i.e. the 
reticulocyte], similarly to the red blood  cell – the erythrocyte – does not have a nucleus, but is 
still not perfect and approximately 1% of these can already circulate in peripheral blood. The 
fractal erythrocyte goes through 8 stages of development in its maturation from 60 μm to 6 μm, 
to reach perfection only at the 9th stage. [1. The pluripotent stem cell, 2. The multipotent stem 
cell of myeloid lineage, 3. The directed stem cells of erythroblast lineage, 4. Pronormoblast, 5. 
Basophilic normoblast, 5. Polychromatic normoblast, 6. Orthochromatic normoblast, 8. 
Reticulocyte and 9. Erythrocyte] [Table 1],... and how this perfection can be seen in our world ... 
is presented by the Coptic Gospel of Thomas ‘18’, in Jesus’s own words: [4]: … »When you 
make the two one, and when you make the inside like the outside and the outside like the 
inside, and the above like the below, and when you make the male and the female one and the 
same, so that the male not be male nor the female female; and when you fashion eyes in the 
place of an eye, and a hand in place of a hand, and a foot in place of a foot, and a likeness in 
place of a likeness; then will you enter [the Kingdom]« … 

40



Scientific research article 
 

7 
 

+

-
Electron = EVE

Proton = ADAM

Adam’ rib

By marriage:
the husband and wife are one person in law 
or 'two souls in one flesh' 

 
 

Table 2: First Matryoshka fractal: Hydrogen atom - Eve was created from Adam's rib [the rib is in 
Hebrew called “CELA” (cell  structure); http://www.studylight.org/lex/heb/view.cgi?number=06763] 

 
In order to understand the meaning of these words, we have to know the fractal rate 

that is smaller than the erythrocyte ... the hydrogen atom ... ἄτομος : átomos – meaning 
indivisible. The hydrogen element which is composed of one proton [+] and one electron [-] is 
basically only one indivisible unit [Table 2]which is represented on a higher fractal level by the 
erythrocyte, in which the cytoplasm [-] and the nucleus [+]can no longer be defined. 

 

1 P
0 N

H

First Matryoshka doll:
Hydrogen atom

Second Matryoshka doll: 
Erythrocyte

Third Matryoshka doll: 
Homo sapiens sapiens

Fourth Matryoshka doll: 
Earth

Fifth Matryoshka doll: 
Our solar system

Sixth Matryoshka doll: 
Milky way galaxy

Seventh Matryoshka doll: 
Observable Universe

Eighth Matryoshka doll: 
"Bubble universes"

 
Table 3: The "matryoshka principle" is also an example of Mise-en-abyme - the onion metaphor for a 
self-similar. 
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This is how we get the basic story which lead to the “big bang”: ... nuclear fission 
...when each of us lost the love of their lives ... And ... nuclear fusion ... when we once again 
regain the trust of the Creator, he will enable us to find the love of our life again ... and before 
we return home, where are origins are, our last test shall be: “two who live as one”, i.e. the so 
called celestial marriage which is also discussed in The Revelation. 

Plato mentioned this particular state 2,500 years ago: … »And when one of them meets 
with his other half, the actual half of himself … if this is what you desire, I am ready to melt and 
fuse you together, so that being two you shall become one, and while you live live a common 
life as if you were a single man … this meeting and melting into one another, this becoming 
one instead of two, was the very expression of his ancient need … and the reason is that 
human nature was originally one and we were a whole, and the desire and pursuit of the whole 
is called love. There was a time, I say, when we were one, but now because of the wickedness 
of mankind God has dispersed us … for if we are friends of God and at peace with him we 
shall find our own true loves, which rarely happens in this world at present … each one 
returning to his primeval nature had his original true love, then our race would be happy … we 
must praise the god Love, who is our greatest benefactor, both leading us in this life back to 
our own nature, and giving us high hopes for the future, for he promises that if we are pious, 
he will restore us to our original state, and heal us and make us happy and blessed« … [37] 
 

1
2

3 4

5

6

10

9

7

8

11.dimension: parallelity; 
12.dimension: net or mutiple circle singularity; 
13.dimension: white hole point singularity

13

13

1313

12

1111 11

1.dimension: thought [idea] in mind; 2.dimension: idea in 2D; 3.dimension: idea in 3D; 4.dimension: idea in motion;

5.dimension: thought in future; 
6.dimension: thought in past;

7.dimension: nature; 
8.dimension: built structures; 
9.dimension: home celestial body; 
10.dimension: other celestial bodies;

 
 

Table 4: Thirteen dimensional controlled growth of time-space bio fractals - in each higher dimension 
we see more 

 
Dimensions and time-space structural connection.The explanation that enables such 

establishment of a time-space Homo sapiens sapiens fractal can, in fact, be sought in the 
always unfinished “symphony” of understanding the one that holds everything together, i.e. the 
force that obviously controls growth, diversification and complexity of such a system.  
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Table: 5: Time and space of twelve Oc's of Chilam Balam Of Chumayel And Popol Vuh presentation: 
Corn Growth Stage Development = Homo sapiens sapiens Growth Stage Development  

 
The dimensions in this case will be called “the eyes1” [or thirteen»Oc« as Chilam Balam Of 
Chumayel calls them in his prophecy2] [30], since every additional dimension enables a new 
perspective, which enables us to “see more” than in the previous, lower one. Here, we shall not 

                                                 
1 Eyes or individual dimensions – i.e. the 13 dimensions of time and space 
2Thus it was recorded <by> the first sage, Melchise<dek>, the first prophet, Napuc Tun,the priest, the first priest. 
This is a song of how the uinal came to be created before the creation of the world. Then he began to march by his 
own effort alone. Then said his maternal grandmother, then said his maternal aunt, then said his paternal 
grandmother, then said his sister-in-law: "What shall we say when we see man on the road?" These were their words 
as they marched along, when there was no man <as yet>. Then they arrived there in the east and began to speak. 
"Who has passed here? Here are footprints. Measure it off with your foot." So spoke the mistress of the world. Then 
he measured the footstep of our Lord, God the Father. This was the reason it was called counting off the whole 
earth, lahca (12) Oc. This was the count, after it had been created by 13 Oc, after his feet were joined evenly, after 
they had departed there in the east. Then he spoke its name when the day had no name, after he had marched 
along with his maternal grandmother, his maternal aunt, his paternal grandmother and his sister-in-law. The uinal 
was created, the day, as it was called, was created, heaven and earth were created, the stairway of water, the earth, 
rocks and trees; the things of the sea and the things of the land were created. 
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forget about Witten’s analysis which showed that the universe, according to the M-theory, has 
11 dimensions which, unfortunately, no one has yet seen [38], especially because our 
understanding of theory is so incomplete that nobody knows whether the story ends here, or if 
the theory is actually correct and this shall be the last Russian babushka, or if all this is 
composed of even smaller parts [Table 3].  

Today’s scientists, in fact, do not have any definite ideas to explain what 
ultramicroscopic elements of time and space actually are [38]. Therefore, let us look at this 
through the eyes of the architect and/or civil engineer [Table 4]. 

The comparative fractal time component of Homo sapiens sapiens’s creation is given to 
us by Popol Vuh, who revealed the secret that ‘the human matures like corn’3 [Table 5]. 

The state of development of the Earth – Gaia, as a greater and more complexly 
readable fractal of the Homo sapiens sapiens organism.On the basis of methodology that 
represents the Homo sapiens sapiens evolutionary constants as a plan of creation, in the 
geological development of Earth and in the world politic consolidation there are currently 
already readable structures and systems. In the last minute – after the appearance of the 
human’s presence on Earth [seen through a geological division of planet Earth’s development 
in 24 hours], these have shaped, with fights, conquests, subjugations and finally today also with 
a peaceful consensus, into a real and visually readable humanoid hermaphrodite organism 
that currently consists of: [1] the endocrine system of six glands: the hypophysis, the thyroid, the 
right adrenal gland, the salivary gland, the reproductive gland, gland hormones and some 
tissue hormones; [2] the digestive organs: the oral cavity, the esophagus, the stomach, the 
colon, the cecum, the small intestine, the anal canal, the liver, the gall bladder, the pancreas; 
[3] the respiratory organs: the throat, the trachea, the lungs, the diaphragm and the vocal 
cords; [4] the skeleton: the spine, the chest, the skeleton of the upper limb, the pelvis and the 
skeleton of the lower limb, the cranial bones; [5] the circulatory system: the heart [Table 6],  
 

[m] - right ventricle; [k] - left ventricle
[p] - right atrium; [f] -  left atrium; 

[s] - Aorta    

HUMAN HEART                                          EARTH HEART [Middle east]

[Saudi Arabia] - right ventricle; [Iran] - left ventricle
[Egipt] - right atrium; [Turkey] -  left atrium; 

[river Nil] - Aorta   
 

 
Table 6: Fractality - Human and Earth heart 
the aorta, the vena cava, the arteries and the veins; [6] the nervous system: the cerebrum, the 
cerebellum, the spinal cord; [7] the lymphatic system and spleen; [8] amino acids: 51 amino 

                                                 
3Corn matures approximatelyfor 120 days = the life span of erythrocytes is approximately= 120 days = the years of 
man [Biblija, Genesis 6,3] [28]; And He said 'My spirit shall not always abide on man; for they also are flesh and 
their days shall be one hundred and twenty years'. [The Book of Jubilees 5, 8-9] [28] 

44



Scientific research article 
 

11 
 

acids of insulin, 8 essential amino acids and 12 non-essential amino acids; [9] the urinary 
system: the kidneys, the bladder and the left adrenal gland; [10] the developed sex organs of 
both genders; the male reproductive organs: the testicle, the scrotum, the seminal duct, the 
penis and the prostate with semen; the female reproductive organs: the womb, the ovary with 
the oviduct, the vagina; [11] the skeletal muscle: head muscles, neck muscles, body muscles, 
lower limb muscles, upper limb muscles; smooth muscles, heart muscles, circular muscles;[12] 
the fetal development: the yellow body and the placenta – contemporary presence of the yellow 
body and the placenta, and the development up to the point described above ... indicates the 
age of the organism, i.e. the 12-week old fetus. 

Methodology – Evolutionary constants of the Homo sapiens sapiens; they are cultural-
evolutionary genetic replicators called “MEMs” which are passed on from generation to 
generation, and from one place to another with a written and oral word, by personal example 
and other types of influences [adapted from Popper, K. in Dawkins 39]. The latter practically 
represent 24 karyotypes in our genes. Space through time and the development of the 
organism through time defines 22 constants + the XX or XY gene in its development to 
determine the sex – i.e. a total 24 constants. 

To explain the concept of urban, in fact, we must first define the space with characteristics 
that define it in its geographical infinity with all geomorphic changes, as well as with space that 
has limits and defines the settlement area. It is the changeability of both of them together that 
defines the unrepeatable cultural landscape in the final stage. When searching for the meaning 
of the settlement area, Dr. Alenka Fikfak [40] presents 20 evolutionary constants that ensure the 
system of stability: 1. SPATIAL: terrain, water, light, climate, vegetation, population, 
construction; 2. TECHNOLOGICAL: technology; 3. ECONOMIC: infrastructure, links, market, 
activities; 4. SOCIAL: demography, culture; 5. SOCIO-POLITICAL: socio-political framework, 
normative and administrative criteria; 6. ECOLOGICAL: environment protection; 7. CULTURAL 
AND ESTHETIC: the influence of the environment, the style of buildings, shapes of houses and 
cultures.To enable a methodological determination of urban space measures, the 20 already 
defined constants should be completed with 8. EVOLUTIONARY-CONCEPTUAL CONSTANT, 
i.e.:The conceptualisation of space organisation – anthropomorphic personification of the 
‘animus’; Sampling of spatial organisation – anthropomorphic personification of the ‘anima’, 
and as the last genetic evolutionary replicator constant that determines our “pole” or 
orientation, there is the9. NUCLEATION – DISPERSION CONSTANT which defines the gender 
of the location’s spirit, “genius loci”, i.e.:Nucleation – the ‘genius loci’ determines the XY 
chromosome constant of the space; Dispersion – the ‘genius loci’ determines the XX 
chromosome constant of the space. 

Conslusion.Ethics and morality meant the same thing in the past: a residence, a habit, a 
custom and character. Today we could call it a responsible use of the environment, space, 
sources and values. However, the empirical analysis of economic, social and environmental 
development characteristics of European countries reveals that the existing development trends 
are non-sustainable and are moving away from the set strategic goals. Due to favouritism of 
quantity indicators of generalised scientific research criteria, the holistic approach – 
encompassing the understanding of relations of everything towards everything through 
elements of art, aesthetics, quality, technical perfection, culture and ecological awareness – is 
being neglected. The influence of the crisis in one sector is spreading into other sectors, and the 
crisis of one country is spreading into other countries.In theory and in praxis we come across 
the fact that the world is a homogeneous whole, whose connection should be built on diversity 
and cultural and historical achievements of all nations across the world.  

The current development stage of the Earth fractal indicates the age of the organism, 
i.e. the 12-week-old fetus; this is the time when the bone marrow of the fetus starts to produce 
its own red blood cells; and also the time when there is a 75% chance of abortus, and 
considering the apocalyptic predictions of the present time, a justified hypothesis is presented … 
 
Translated by Brina Beškovnik Hrastar, University graduate in translation 
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What is Erythropoiesis? 
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Through their oxygen delivery function, red blood cells are pivotal to the healthy existence of
all vertebrate organisms. These cells are required during all stages of life—embryonic, fetal,
neonatal, adolescent, and adult. In the adult, red blood cells are the terminally differentiated
end-product cells of a complex hierarchy of hematopoietic progenitors that become progres-
sively restricted to the erythroid lineage. During this stepwise differentiation process,
erythroid progenitors undergo enormous expansion, so as to fulfill the daily requirement
of �2 � 1011 new erythrocytes. How the erythroid lineage is made has been a topic of
intense research over the last decades. Developmental studies show that there are two
types of red blood cells—embryonic and adult. They develop from distinct hemogenic/
hematopoietic progenitors in different anatomical sites and show distinct genetic programs.
This article highlights the developmental and differentiation events necessary in the produc-
tion of hemoglobin-producing red blood cells.

ONTOGENY OF THE HEMATOPOIETIC
SYSTEM

Microscopic observations identified the first
blood cells in the conceptus as those of the

erythroid lineage. The early production of ery-
throid lineage cells occurs in the yolk sac, a tran-
sient extraembryonic tissue. These erythroid
cells are nucleated and short-lived. They are de-
rived from mesodermal cells that are formed
from epiblast cells ingressing through the prim-
itive streak (Lawson et al. 1991; Kinder et al.
1999). The newly formed mesodermal cells mi-
grate posteriorly, enter the yolk sac, and come
in close contact with endoderm cells (Fig. 1A).
It is this interaction between the two cell layers
that is required for the initiation of erythropoi-
esis (Belaoussoff et al. 1998). Interestingly, the
mesodermal cells that migrate into the yolk sac

form blood islands containing not only red
blood cells, but also endothelial cells. The over-
lapping ontogenic appearance of both erythroid
and endothelial cells indicates a common me-
sodermal precursor—the hemangioblast—with
bilineage potential (Sabin 1920; Murray 1932).
This is further supported by the overlap in ge-
netic programs for the two lineages (i.e., expres-
sion of Flk-1 [KDR], Scl [Tal1], and CD34) and
the lack of both lineages in embryos deficient
for some of these genes (Shalaby et al. 1995;
Tavian et al. 1999; Park et al. 2005). Surprisingly,
hemangioblasts in vivo are localized not in the
yolk sac but in the posterior primitive streak
(Huber et al. 2004). As they migrate to the
yolk sac, they begin their commitment to endo-
thelial and hematopoietic progenitors, with
several of these cells contributing to the forma-
tion of each blood island (Ueno and Weissman
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2006). Yolk sac blood islands containing prim-
itive erythrocytes are detectable in the mouse
conceptus at embryonic day 7.5 (E7.5) (Russell
and Bernstein 1966) and in the human concep-
tus at�16–20 d of gestation (Tavian and Peault
2005).

In contrast to the rapid commitment and
differentiation of primitive erythroid cells from
migrating mesodermal cells, the adult erythroid
lineage takes its origin from amore complex cell
lineage differentiation hierarchy, with hemato-

poietic stem cells (HSCs) as the founder cells for
this hierarchy. A cohort of rareHSCs is harbored
in the bonemarrowandcontinuously replenish-
es the blood system throughout adult life. To
produce adult red blood cells and themanyoth-
er functionally distinct lineages of differentiat-
ed blood cells, such as lymphocytes, macro-
phages, granulocytes, and megakaryocytes, HSCs
undergo a relatively long and extensive process
of cellular differentiation and proliferation. In
the mouse embryos, HSCs appear 3 d later in

Blood
island

A B

C D

Placenta

Yolk
sac

Liver

Aorta

Umbilical
and vitelline

arteries

Allantois

Embryo

Hematopoietic
cluster Aorta

Urogenital
ridge

Hemogenic
endothelial cell

Hematopoietic
cluster

Endothelial
cells

Mesenchymal
cells
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Yolk
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Figure 1. Ontogeny of the mouse hematopoietic system. (A) During gastrulation of the mouse conceptus,
emerging mesodermal cells (brown arrows) migrate to the extraembryonic compartments (yolk sac and allan-
tois). Blood islands begin to form in theyolk sac upon interactions of themesoderm (orange)with the endoderm
(gray). (Red arrows) Mesoderm migrating into the embryo proper. (B) Embryonic day 10.5 (E10.5) mouse
embryo. Hematopoietic sites include the aorta (AGM region), yolk sac, umbilical and vitelline arteries, placenta,
and liver. (Dotted line) The transverse section in panel C. (C) Transverse section showing the AGM region of an
E10.5mouse embryo. Urogenital ridges are lateral to the aorta. A hematopoietic cluster on the ventral wall of the
aorta is shown. (D) Close-up of the aorta showing a hemogenic endothelial cell transitioning to a hematopoietic
cluster cell. Nonhemogenic endothelial cells (blue) and mesenchymal cell (yellow) are shown.

E. Dzierzak and S. Philipsen

2 Cite this article as Cold Spring Harb Perspect Med 2013;3:a011601

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg

52



ontogeny than yolk sac blood islands (Muller
et al. 1994; Medvinsky and Dzierzak 1996).
This late appearance suggests an independent
mesodermal origin for HSCs. How the adult
HSC-based hierarchy develops in the embryo,
and from what precursors HSCs are derived, is
an important focus of developmental studies.

Again, the first clues on HSC development
came from microscopic observations of a vari-
ety of developing vertebrate embryos (amphib-
ian, avian, and mammalian). Clusters of hema-
topoietic cells were found within the embryo
in the aorta–gonad–mesonephros (AGM) re-
gion, closely associated with the ventral lumenal
aspect of the aorta (Fig. 1B–D) (for review, see
Dzierzak and Speck 2008). The results of avi-
an embryo grafting experiments performed in
the mid-1970s (Dieterlen-Lievre 1975; Martin
et al. 1978; Beaupain et al. 1979; Dieterlen-
Lievre and Martin 1981) suggested that the de-
velopment of the adult hematopoietic system
begins with these clusters. Grafts of quail em-
bryo bodies onto chick yolk sacs before vascu-
larization revealed that the adult blood system
of the chimerawas quail-derived. Moreover, the
embryonic aorta was found to contain hemato-
poietic progenitors (Cormier and Dieterlen-
Lievre 1988), suggesting that this vessel is re-
sponsible for the generation of adult hemato-
poietic cells. Similarly, lineage-tracing experi-
ments, in which individual blastomeres of the
32-cell stage Xenopus embryo were marked,
showed that the blastomeres contributing to
the formation of the ventral blood islands
(yolk sac) are distinct from the blastomeres
that contribute to the formation of the aorta,
hematopoietic clusters, and pronephros (Ciau-
Uitz et al. 2000). Thus, the specific localization
of intrabody hematopoiesis in frog embryos has
been found to be associated with the dorsal aor-
ta and pronephros region (Turpen and Knud-
son 1982). These nonmammalian vertebrate
embryo studies concluded that the first emer-
gence of hematopoietic cells is in the extraem-
bryonic yolk sac; the subsequent emergence of
hematopoietic cells occurs both extraembryoni-
cally and intraembryonically; and the perma-
nent contributors to the adult hematopoietic
system are intraembryonically derived hemato-

poietic cells, with most extraembryonic hema-
topoietic cells becoming extinct. Importantly,
the close association of hematopoietic cell clus-
ters and endothelial cells on the ventral aspect of
the aorta (Dieterlen-Lievre 1975) led to the hy-
pothesis that the late-emerging, permanent
adult hematopoietic system is derived from spe-
cialized “hemogenic” endothelial cells (Fig. 1D).

In contrast to the nonmammalian verte-
brate species, the origin of the first HSCs in
mammalian embryos was uncertain and, until
the 1990s, thought to be the yolk sac (Moore
and Metcalf 1970). Cell tracing studies of early
stagemammalian embryos required experimen-
tal approaches different from the grafting ap-
proaches (which rely on ex utero development
and large embryo size) taken in avian and am-
phibian embryos. One approach includes the
stringent functional test for HSCs in different
regions of the early/midgestation mouse con-
ceptus—the in vivo transplantation of such cells
into adult irradiated recipients. Much like adult
bone marrow cell transplantations, long-term
high-level self-renewing hematopoietic repopu-
lation of adult recipients reveals the presence of
HSCs in the injected cell population. Transplan-
tation of cells from several embryonic hemato-
poietic tissues (yolk sac, intraembryonic AGM
region, chorio-allantoic placenta, liver) showed
that the first tissue to contain HSCs was the
AGM (Fig. 1B,C) (Muller et al. 1994; Gekas
et al. 2005; Ottersbach and Dzierzak 2005).
HSCs were further localized to the aorta, vitel-
line, and umbilical arteries at E10.5 (de Bruijn
et al. 2000). Moreover, organ explant cultures
showed that the AGM region de novo produces
the first adult typeHSCs (Medvinsky andDzier-
zak 1996). One to 1.5 d later, themouse yolk sac,
placenta, and liver also contain HSCs. Because
the vascular connection between the embryo
body and the extraembryonic hematopoietic
sites occurs at E8.25 (Downs 1998) and the cir-
culation carries cells between these sites, the or-
igin of the HSCs found in these other tissues
remains unknown.

The presence of hematopoietic clusters in
themouse aorta and vitelline/umbilical arteries
at the time of HSC generation is intriguing
(Fig. 1D). Functional studies have shown that
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AGM HSCs express the same molecules (Wood
et al. 1997; de Bruijn et al. 2002; North et al.
2002) as aortic hematopoietic cluster cells and,
in some cases, aortic endothelial cells. Genetic
(conditional knockout) studies of the Runx1
transcription factor (Chen et al. 2009) show
an endothelial cell requirement for this factor
in the generation of HSCs and vascular clusters,
suggesting that HSCs are generated from func-
tioning vascular endothelial cells that retain he-
matopoietic potential. Recent live imaging of
the midgestation mouse aorta has confirmed
this, clearly showing in real time the endothe-
lial-to-hematopoietic cell transition (Boisset
et al. 2010). The emerging cells are rare, local-
ized to the ventral aspect of the aorta, and begin
to express all of the expected HSC markers as
they transit from a flat endothelial to a round

hematopoietic morphology (Boisset et al. 2010;
Yokomizo et al. 2012). Thus, HSCs are derived
from endothelial cells.

With the focus on hemoglobin-producing
erythrocytes—primitive erythrocytes generated
early in the yolk sac and adult erythrocytes from
vascular endothelial-derived HSCs—there are
intermediate types of hematopoietic progeni-
tors also generated in the embryo (Fig. 2). Be-
fore HSCs are generated at E10.5, definitive
erythro-myeloid progenitors are found in the
E8.5/E9 yolk sac and placenta (Alvarez-Silva
et al. 2003; McGrath and Palis 2005), and mul-
tipotent (erythroid–myeloid–lymphoid) he-
matopoietic progenitors (Godin et al. 1995)
are found in the E9 AGM, most likely in hema-
topoietic clusters. Tissue explant culture before
progenitor assay reveals that already by E8 the

Fetal liver

HSCHSC

Fetal liver
Definitive
progenitors

Yolk sac

Placenta

AGM

Primitive RBC

Definitive RBC

Bone
marrow

Figure 2. Ontogeny of erythroid lineage cells in the circulation. Embryonic erythrocytes (primitive red blood
cells [RBCs]) aremade by the yolk sac at E7.5 and are found in the circulation until �E11/12. At E9, the yolk sac
and placenta generate definitive progenitors that migrate to the fetal liver, where they differentiate to definitive
RBCs (expressing fetal/adult globin) and enter the circulation. At E10.5, the AGM generates the first HSCs that
migrate to the fetal liver and differentiate to the erythroid lineage (among other lineages), and these definitive
RBCs enter the circulation. Fetal liver HSCs migrate and colonize the bone marrow at birth, where they provide
lifelong production of definitive RBCs for the circulation. The spleen also is a site of differentiation for eryth-
roid cells (not shown).
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yolk sac, AGM, and allantois (Cumano et al.
1996; Zeigler et al. 2006; Corbel et al. 2007)
contain cells with hemogenic potential. Inter-
estingly, in the absence of circulation in
Ncx12/2 embryos (heartbeat defect), the num-
bers of erythro-myeloid progenitors in the yolk
sac were found to be equivalent to the cumula-
tive number of progenitors in wild-type embry-
os in all anatomic sites (Lux et al. 2007). No
progenitors were found in the Ncx12/2 AGM,
suggesting that the yolk sac normally generates
all of these progenitors and distributes them to
other tissues. As the cells colonize the liver, the
newly emigrated progenitors expand and differ-
entiate toward the definitive erythroid lineage
(Ema and Nakauchi 2000).

ERYTHROID LINEAGE DIFFERENTIATION
DURING ONTOGENY

Primitive erythrocytes, emerging in the extra-
embryonic yolk sac, are relatively large cells. The
primitive cells are characterized by the expres-
sion of embryonic globins (1y, bh1, and z in the
mouse; 1, g, and z in man), which form a vari-
ety of distinguishable hemoglobin tetramers
in man (z212 [Gower1], a212 [Gower2], z2g2
[Portland1], z2b2 [Portland2]). In mammals,
these are the only erythroid cells that retain their
nucleus when they enter the circulation. Once
released in the bloodstream, the macrocytic
primitive erythrocytes retain proliferative ca-
pacity, and mitotic figures are observed in the
circulating blood of early mammalian embryos
(Lin et al. 1996). Intravascular erythropoiesis
is not normally observed at any other develop-
mental stage. The long-held view that primi-
tive erythrocytes remain nucleated and that
they disappear from the circulation very quickly
during the embryonic-to-fetal transition peri-
od has been recently revised. In fact, primitive
cells enucleate very efficiently between E12.5
and E14.5, resulting in macrocytic, enucleated
erythrocytes (Fraser et al. 2007). Beginning at
E11.5, newly emigrating erythro-myeloid pro-
genitors (and subsequently HSCs) differentiate
in the fetal liver to produce the first definitive
erythrocytes (Fig. 2). There is an immediate
switch to fetal/adult globins when definitive

erythropoiesis starts in the fetal liver. Expres-
sion of a specific fetal b-like globin (g-globin)
is a feature of anthropoid primates. Hemo-
globin tetramers consisting of a- and g-globin
chains (a2g2) are known as HbF in humans.
These hemoglobins allow the developing fetus
to extract oxygen more efficiently from the ma-
ternal blood. Mammalian definitive erythro-
cytes expel their nucleus before they enter the
circulation and are smaller in size than primitive
erythrocytes.

Around the time of birth, the site of eryth-
ropoiesis switches to the bone marrow and the
spleen. Humans rely mainly on the bone mar-
row for steady-state adult erythropoiesis, but in
mice the spleen remains an important erythro-
poietic organ during adult life. Under erythroid
stress conditions, for example, low oxygen pres-
sure or anemia, the spleen of both mouse and
man is used to expand the erythropoietic capac-
ity (Socolovsky 2007).

Fetal globin expression is silenced in adult
erythropoiesis. Hemoglobin tetramers com-
posed ofa- andb-globin (a2b2,HbA1) account
for �97% of all hemoglobin in adult erythro-
cytes. HbA2 (a2d2) and HbF account, respec-
tively, for �2% and �1% of total hemoglobin
in most adults. High HbF is restricted to a few
cells, termed F cells, in normal adults (Boyer
et al. 1975). Clonal analysis has shown that F
cells are derived from the same progenitor cells
as the cells containing adult globin, ruling out
that fetal and adult stem cell lineages coexist
(Papayannopoulou et al. 1977). Some individ-
uals maintain higher levels of HbF throughout
adult life. This condition, known as hereditary
persistence of fetal hemoglobin (HPFH), is
caused in the majority of cases by deletions in
the b-globin locus, but also by point mutations
in the g-globin gene promoters (Stamatoyan-
nopoulos 2005). In rare cases, the HPFH phe-
notype does not segregate with the b-globin
locus, suggesting a trans-regulatory mechanism
(see also Sankaran and Orkin 2013). The HPFH
condition is not clinically manifest, but it is a
factor ameliorating the effects of b-thalassemia
and sickle cell disease. Reactivation of g-globin
expression in adults with these disorders is
therefore a very attractive therapeutic approach,
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because the large majority of patients will have
normal g-globin genes that they have switched
off after birth. Despite the fact that mice do
not have a fetal b-like globin gene, the g-glo-
bin genes in human b-globin locus transgenes
are expressed in the early fetal liver and silenced
subsequently in development between E13.5
and E14.5 (Dillon and Grosveld 1991; Strou-
boulis et al. 1992). Furthermore,g-globin trans-
genes with HPFH mutations in the promoter
phenocopy the HPFH condition in mice (Berry
et al. 1992; Peterson et al. 1995).

ERYTHROID DIFFERENTIATION WITHIN
THE ADULT HEMATOPOIETIC HIERARCHY

Erythroid cells are derived from HSCs, but the
differentiation path they follow is still a matter
of debate (Fig. 3) (Buza-Vidas et al. 2007). Im-
mature progenitors are capable of giving rise
to multilineage colonies, but whether there is
a fixed order to cell fate decisions (i.e., at each
stage a cell has limited choices) or whether there
is greater plasticity to a cell’s potential fates re-
mains to be resolved. The classical model, put
forward by the Weissman group, posits a deci-
sion between two fates at each step in differen-
tiation, thereby gradually diminishing lineage
potential (Fig. 3). More recently, an alternative
scheme proposed by Adolfsson et al. (2005)
identified a highly proliferative lymphoid-
primed multipotent progenitor (LMPP) with
GM potential but devoid of the ability to adopt
erythroid or megakaryocytic lineage fates (Fig.
3, dotted arrows).

Cell populations corresponding to these
progenitors can be purified by flow cytometric
sorting based on the expression of various cell
surface markers. Lineage output of these cells is
determined by the mature differentiated cells
emerging in colony assays in response to growth
factors. Immature erythroid-restricted progen-
itors are identified as the burst forming unit-
erythroid (BFU-E), so-called because its earliest
progeny are motile, giving rise to a multi-sub-
unit colony (or burst). These large colonies con-
taining up to several thousand hemoglobin-
ized cells appear after 5–8 d (mouse) or 10–
14 d (human) inmethylcellulose cultures. Their

growth is dependent on several factors, themost
important of which are stem cell factor (SCF),
thrombopoietin (TPO), interleukin 3 (IL3),
IL11, and FLT3-ligand. BFU-E occurs at a fre-
quency of 40–120/105 bone marrow cells and
also circulates in the peripheral blood at a fre-
quencyof 10–40/105 light-densitymononucle-
ar cells (Migliaccio et al. 2001).

Moremature erythroid progenitors, colony-
forming units-erythroid (CFU-E), consist of
small colonies of 16–125 cells that appear after
2–3 d (mouse) or 5–8 d (human) inmethylcel-
lulose culture. They are fivefold to eightfold
more abundant than BFU-E in bone marrow
and under normal circumstances do not appear
in the circulation. As progenitors undergo the
differentiation process, their numbers increase,
with their proliferative potential simultaneously
decreasing.

Several techniques have been described for
theproductionoferythroblasts in liquidcultures
(Fibach et al. 1989; Dolznig et al. 2001; Migli-
accio et al. 2002). Although culture conditions
differ in each protocol, SCF, erythropoietin
(EPO), dexamethasone (Dex), and transferrin
are commonly present, usually supplemented
by insulin or IGF-1. In adult peripheral blood,
the majority of the in vitro erythroid expansion
potential resides in CD342 cells (van den Akker
et al. 2010). These liquid cultures are advan-
tageous for producing large numbers of eryth-
roblasts from peripheral blood samples, thus
enabling functional analyses of normal or ab-
normal erythropoiesis without the need for
bone marrow sampling. In addition, erythroid
cultures can also be obtained using mouse or
human embryonic stem cells as the starting ma-
terial (Carotta et al. 2004; Pilat et al. 2005; Oliv-
ier et al. 2006), and large-scale production of
fully matured human erythrocytes has been re-
ported (Neildez-Nguyen et al. 2002; Giarratana
et al. 2005). The advent of induced pluripotent
stem (iPS) cells raises prospects for production
of patient-specific erythrocytes for transfusion
purposes. However, at present, it is prohibitively
expensive and a daunting task to generate the
vast numbers of cells required for clinical prac-
tice (Douay and Andreu 2007; see also Arora
and Daley 2012).
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ERYTHROPOIESIS: REGULATION
AND NICHE

Erythrocytes represent the most common cell
type in adult blood. Human blood contains
�5 � 106 erythrocytes per microliter (normal
range 4.7 � 106 to 6.1 � 106 for males and 4.2
� 106 to 5.4 � 106 for females); these cells have

an average life span of 120 d. New erythrocytes
are constantly produced in the bone marrow,
which provides a niche consisting of endothelial
cells of the vascular system, osteoblasts, stromal
cells, hematopoietic cells, and the extracellular
matrix. This complex niche supports direct
cell–cell contact and exposure of the developing
hematopoietic cells to cell adhesion molecules,

MEP

Erythrocytes

Platelets

Mast cells

Megakaryocytes

LMPPST-HSC
MPP

LT-HSC

Basophils

Neutrophils

Eosinophils

Macrophages

Dendritic cells

Monocytes

Pluripotent cells Committed
progenitors

Differentiating
cells

Differentiated
cells

B cells

NK cells

CLP

GMP

CMP

T cells

Figure 3. Proposed models for the hematopoietic hierarchy. In the model proposed by the Weissman group
(Kondo et al. 1997; Akashi et al. 2000; Manz et al. 2002) (solid arrows), multipotential progenitors (MPPs or
short-termHSCs [ST-HSCs]) give rise to either a common lymphocyte progenitor (CLP) or a commonmyeloid
progenitor (CMP), which, in turn, gives rise to either a granulocyte-macrophage progenitor (GMP, equivalent to
CFU-GM) or a megakaryocyte-erythroid progenitor (MEP). The alternate model suggested by the Jacobson
group (Adolfsson et al. 2005) (dotted arrows) involves the generation of MEPs directly from the MPPs/ST-
HSCs, whereas a lymphoid-primed multipotential progenitor (LMPP) has the potential to generate both CLPs
and GMPs. LT-HSC, Long-term hematopoietic stem cell; NK cell, natural killer cell. (This figure is modified
from data by Ferreira et al. 2005; reprinted, with permission, from the author as defined by the American Society
for Microbiology.)
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growth factors, andcytokines.Theearliest eryth-
roid progenitors are responsive to cytokines
including TPO, GM-CSF, IL3, and IL11, and in
particular to SCF. SCF binds to its receptor KIT,
a tyrosine kinase that signals through several
pathways including PI-3 kinase, Src kinases,
and PLC-g. At subsequent stages, SCF acts syn-
ergistically with EPO in the proliferation and
expansion of the developing erythroid progeni-
tors and may play a role in phosphorylating
the EPO receptor itself (Wu et al. 1995; see
Bunn 2013). Erythroid cells at the terminal
stages of differentiation have shed their nucle-
us, endoplasmic reticulum, and mitochondria,
and, consequently, they are no longer able to
proliferate. Tomaintain the red blood cell count
inthe�5 Lofbloodofanadult individual,�2.4
� 106 new erythrocytes have to be produced
each second. The new cells enter the circulation
as reticulocytes that are still engaged in protein
translation. In humans, it takes �1 wk for retic-
ulocytes to complete the maturation process. In
the bone marrow, a series of intermediate ery-
throid precursors can be recognized that pro-
gressively gains erythroid characteristics (Fig.
4). Development from the pro-erythroblast to
the reticulocyte involves four to five rapid cell
divisions, resulting in a progressive reduction
in cell size. Mature erythrocytes have a diameter
of only 6–8 mm. Their small size and biconcave
shape creates a large surface area for gas ex-

change and allows the cells to enter the micro-
capillaries in the tissues.

Under steady-state conditions, �1% of the
erythrocytes are cleared every day and replaced
by new cells. Remarkably, the rate of erythro-
poiesis can increase significantly from this base-
line level in response to hypoxic stress, which
occurs when adequate oxygen supply to all tis-
sues is compromised by insufficient numbers of
functional erythrocytes. Increasing red cell pro-
duction is the primary response to counteract
hypoxic stress. EPO production in the kidneys
is directly regulated by tissue oxygen tension
through the activity of the hypoxia-inducible
transcription factor complex. Although EPO is
the main regulator of red cell production (see
Bunn 2013), other factors have an auxiliary role
in the expansion of the erythroid progenitor
compartment through their support of progen-
itor self-renewal. In particular, bone morpho-
genetic protein 4 (BMP4)/SMAD5 (Lenox et al.
2005), STAT5 (Socolovsky et al. 2001), SCF/KIT
(Menon et al. 2006), and the glucocorticoid re-
ceptor (GR) (Bauer et al. 1999) are known to be
involved.

A decreased apoptotic rate of erythroid pro-
genitors may also contribute to the increase in
red cell production that occurs under erythro-
poietic stress. It is believed that under steady-
state conditions up to 60% of pro-erythroblasts
succumb to apoptosis in the mouse spleen (Liu

Self-renewal

HSC

Kit

CD71

Ter119/GPA

CMP MEP BFU-e CFU-e Pro-

erythroblast

Basophilic

erythroblast

Polychromatic

erythroblast

Orthochromatic

erythroblast

Reticulocyte Erythrocyte

Enucleation

Maturation

Figure 4.Erythroid differentiation in themouse. The expression of themost commonly used cell surfacemarkers
to identify the various stages is indicated by the bars. Cells at the CFU-e and pro-erythroblast stage are the most
sensitive to, and dependent on, the presence of EPO. Gray, low expression; black, high expression;
HSC, hematopoietic stem cell; CMP, common myeloid progenitor; MEP, megakaryocyte-erythroid progenitor;
BFU-e, burst-forming unit, erythroid; CFU-e, colony-forming unit, erythroid.
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et al. 2006). Mice deficient for the STAT5 tran-
scription factor, the major downstream signal-
ing target of EPOR, have a blunted stress eryth-
ropoietic response. The erythroid progenitors
have an increased rate of apoptosis attributed
to their failure to up-regulate expression of the
antiapopotic BCL-XL protein (Socolovsky et al.
1999, 2001). Furthermore, the FAS/FASL death
receptor/death ligand systemhas beenproposed
to regulate erythroid homeostasis (De Maria
et al. 1999). Under stress conditions, expression
of FAS and FASL is reduced in erythroid cells
and could contribute to the enhanced survival
of these cells, further indicating that the survival
function of the EPOR/STAT5 pathway is an im-
portant modulator of the erythropoietic rate
(Liu et al. 2006).

ERYTHROBLASTIC ISLANDS ARE
STRUCTURAL UNITS OF TERMINAL
ERYTHROID DIFFERENTIATION

The erythroblastic island is a structural unit
in the bone marrow where terminal erythroid
differentiation takes place (Bessis 1958). It con-
sists of a central macrophage (also known as the
nurse cell) surrounded by differentiating eryth-
roid progenitors (Fig. 5). Erythroblastic islands
are also found in the mouse fetal liver (Fig. 5),
but a role for an analogous structure has not
been identified in the yolk sac. The fact that
yolk sac cells enter the circulation without un-

dergoing enucleation, a process in which the
macrophage plays an important role, supports
the notion that primitive erythropoiesis does
not require the formation of islands. However,
macrophages are formed during primitive he-
matopoiesis, and further investigations are nec-
essary to determine the role of these cells in
primitive erythropoiesis.

Several proteins on the surface of themacro-
phageandtheerythroblastsmediate interactions
between the macrophage and erythroblasts, and
betweentheerythroblaststhemselves.Theeryth-
roblast-macrophage protein (EMP or macro-
phage-erythroblast attacherMAEA) is expressed
on both cell types and mediates adhesion be-
tween the cells. MAEA knockout mice survive
until birth, displaying defects in terminal eryth-
roidmaturation (Soni et al. 2006). Formation of
erythroblastic islands is impaired and MAEA-
null macrophages appear to lack the extensive
cytoplasmatic extensions typical of mature
macrophages. MAEA-null macrophages are un-
able to interact with wild-type erythroblasts.
In contrast, MAEA-null erythroblasts can in-
teract with wild-type macrophages, but this
does not rescue the enucleation defect of these
erythroblasts. In enucleating wild-type erythro-
blasts, MAEA colocalizes with F-actin aggre-
gates present at the constriction between the
extruding nucleus and the reticulocyte. The ac-
tin cytoskeleton in MAEA-null erythroblasts is
predominantly localized to the cell membrane,

10 μm

A B

Pro-erythroblast
Basophilic erythroblast
Polychromatic erythroblast
Orthochromatic erythroblast
Erythrocyte
Pyknotic nucleus
Central macrophage

Figure 5. The erythroblastic island. (A) Erythroblastic island in E13.5 fetal liver. The cytoplasmic extensions of
the central macrophage (stained with the F4/80 antibody) (brown) are surrounding erythroid cells at various
stages of differentiation. (B) Schematic drawing of an erythroblastic island.
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and very little cytoplasmic actin is observed.
Collectively, it can be concluded that MAEA is
required for the organization of the erythroblas-
tic island and for efficient enucleation of eryth-
roblasts.

The role of other cell adhesion molecules
and interactions with extracellular matrix pro-
teins suchas lamininandfibronectin is less clear-
ly defined. Erythroblasts express a4 (Itga4)/
CD29/b1 integrin (Itgb1), and the CD242
(Icam4, LW blood group) counter-receptor.
Macrophages express CD51 (av integrin, Itgav)
and the vascular cell adhesion molecule 1
(Vcam1) counter-receptor. Perturbation of the
integrin system can adversely affect erythro-
blastic island formation (Lee et al. 2006) and
stress erythropoiesis (Scott et al. 2003), but the
generic role of cell adhesion in tissue integrity
and the considerable potential for redundancy
preclude the assignment of specific functions to
individual factors.

A role for signaling between erythroid cells
has been most convincingly shown for death
ligand/death receptor interactions. Erythroid
cells express the CD95 (FAS) death receptor
throughout differentiation. Only mature cells
express the ligandCD95L (FASL), but these cells
are insensitive to FAS signaling. In contrast,
immature cells activate proapoptotic proteases
in response to FASL exposure. The levels of the
essential transcription factors TAL1 and GATA1
are reduced through cleavage by activated cas-
pases, most notably by caspase 3 (CASP3) (De
Maria et al. 1999; Zeuner et al. 2003; Ribeil
et al. 2007). This will stop progression along
the erythroid differentiation pathway and may
induce cell death. A decreased survival rate of
erythroid progenitor cells is a hallmark of many
acquired and hereditary anemias. Patients with
rheumatoid arthritis develop anemia in �50%
of cases, and treatment with a blocking anti-
body directed against the death receptor ligand
TNFa improved the anemia and decreased the
elevated numbers of apoptotic erythroid pro-
genitors in the bone marrow (Papadaki et al.
2002). An increased rate of apoptosis is also
observed in b-thalassemia patients. This results
in a phenomenon known as ineffective erythro-
poiesis (Centis et al. 2000; Mathias et al. 2000;

Pootrakul et al. 2000; Papadaki et al. 2002). Up
to 80% of erythroid progenitors may be lost
because of apoptosis occurring at the polychro-
matic erythroblast stage (Mathias et al. 2000).
The apoptotic erythroblasts are cleared very
rapidly by macrophages. These cells are activat-
ed by increased interferon-g (IFNG) levels in
approximately one-third of the patients (Wana-
chiwanawin et al. 1999), and this may contrib-
ute to the quantitative differences in ineffective
erythropoiesis between different patients. In ad-
dition, many inflammatory diseases are accom-
panied by anemia, and in amousemodel, IFNG
has been implicated in anemia of chronic dis-
ease by activatingmacrophages, reducing eryth-
rocyte life span and inhibiting erythropoiesis
(Libregts et al. 2011).

In normal erythropoiesis, expelled nuclei
are phagocytosed very rapidly by the central
macrophages. Once released, the nuclei contain
very low levels of ATP and start to expose phos-
phatidylserine on their surface, because it re-
quires energy to maintain phosphatidylserine
exclusively localized to the inner leaflet of the
cell membrane. Surface exposure of phosphati-
dylserine is an earlyevent in apoptosis and serves
as an “eat me” signal for apoptotic cells. This
signal is also used for the engulfment of expelled
nuclei by themacrophages (Yoshida et al. 2005).

TRANSCRIPTIONAL REGULATION OF
ERYTHROPOIESIS AND THE STEM CELL/
EARLY PROGENITOR COMPARTMENT

A wide variety of transcription factors is in-
volved in the establishment of hematopoietic
cell lineages. For example, TAL1, a basic helix–
loop–helix transcription factor, and LMO2,
an LIM-domain transcription factor, are criti-
cal for the onset of hematopoiesis because
null embryos show complete absence of prim-
itive and definitive hematopoiesis (Robb et
al. 1995, 1996; Shivdasani et al. 1995; Porcher
et al. 1996). The zinc-finger transcription factor
GATA2 is also essential for the early stages of
hematopoiesis. Primitive and definitive hema-
topoiesis is abrogated when the GATA2 gene is
deleted, and it appears to play a role in the pro-
liferation of the early precursors rather than in

E. Dzierzak and S. Philipsen

10 Cite this article as Cold Spring Harb Perspect Med 2013;3:a011601

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg

60



their differentiation (Tsai et al. 1994; Tsai and
Orkin 1997). RUNX1 is crucial for the early
stages of definitive hematopoiesis. In RUNX1-
null embryos, yolk sac hematopoiesis is normal
but fetal liver hematopoiesis is absent (Okuda
et al. 1996).

Once multipotent progenitors arise from
the HSC and proliferate, the process of lineage
restriction starts. The first step in this process
involves restriction to either the myeloid or the
lymphoid lineage. Transcription factors that
are preferentially expressed in cells destined to
one of those fates have been identified, but few
have been extensively studied. PU.1, a member
of the Ets family of transcription factors, is
the best-studied transcription factor known to
be involved in lineage restriction at this stage.
PU.1’s effect on lineage commitment is depen-
dent on its expression level. A high level of ex-
pression leads to commitment to the myeloid
lineage, whereas lower levels of expression lead
to commitment to the lymphoid lineage (Scott
et al. 1994; Nerlov and Graf 1998; Huang et al.
2007). Thus, owing to their role in the stem cell/
progenitor compartment, inactivation of these
factors also affects erythropoiesis.

Because the number of transcription factors
with identifiable functions specifically during
erythropoiesis is too vast to allow a thorough
discussion of each, we will focus on KLF1. This
transcription factor is required for terminal
erythroid differentiation and provides one of
the best-studied examples of an erythroid tran-
scriptional regulator. Expression of the KLF1
(formerly known as erythroid Krüppel-like fac-
tor [EKLF]) is largely restricted to the erythroid
cell lineage (Southwood et al. 1996). KLF1 spe-
cifically binds the sequence 50-CCACACCCT-30

(Miller and Bieker 1993). b-Thalassemia pa-
tients that carry mutations in the KLF1 binding
site in the b-globin promoter display strongly
reduced expression of b-globin (Orkin et al.
1984; Feng et al. 1994; Faustino et al. 1996).
The role of KLF1 has been studied extensively
in mice (Nuez et al. 1995; Perkins et al. 1995).
Mice heterozygous for the KLF1 gene appear
completely healthy. In the absence of KLF1,
however, the fetuses develop a fatal anemia and
die around E14. The primitive erythroid cells

function sufficiently for normal survival of the
KLF1 knockout embryos up to �E12. Embry-
onic globin gene expression is not influenced
by the absence of KLF1, even though KLF1 nor-
mally binds these genes in vivo (Zhou et al.
2006). When the embryos switch to definitive
erythropoiesis in the fetal liver, KLF1-null mu-
tants rapidly develop anemia because of a deficit
in b-globin expression. Remarkably, the num-
ber of CFU-E in the KLF1-null fetal livers is
similar to those found in wild-type fetal livers,
showing that KLF1 deficiency causes a very late
erythroid defect (Nuez et al. 1995; Perkins et al.
1995). Furthermore, fetal liver-derived eryth-
roid cells of KLF12/2 fetuses have an abnormal
morphology, and most of the cells retain
a nucleus, indicating that the adult b-globin
genes are not the only target genes of KLF1.
Indeed, KLF12/2 mice could not be rescued
by expression of exogenous human g-globin
(Perkins et al. 2000). Genome-wide expression
analyses of KLF12/2 erythroid cells showed
that KLF1 activates many other erythroid-spe-
cific genes, including genes encoding proteins
associated with the erythroid cell membrane,
such as band 4.9/dematin. These proteins are
important for the function and stability of the
erythrocytes. In addition, KLF1 has a role in cell
cycle regulation linked to the proliferation arrest
required for terminal differentiation (Tallack
et al. 2007). Thus, KLF1 is an activator of essen-
tial erythroid genes that are up-regulated during
terminal erythroid differentiation.

The first reported loss-of-function muta-
tions in human KLF1 were linked to the rare
blood group In(Lu) (inhibitor of Lutheran an-
tigen expression) and always occurred in the
presence of a normal KLF1 allele. Gene expres-
sion profiling identified more than 650 puta-
tive KLF1 target genes, including the blood
group antigens BCAM and CD44, which are
suppressed in the In(Lu) individuals (Singleton
et al. 2008). A study of a large Maltese pedigree
concluded that haploinsufficiency for KLF1
causes HPFH. All carriers displayed high HbF
levels, although with considerable variation
(mean 8.4%; range 3.3%–19.5%) (Borg et al.
2010). Part of this variability could be explained
by SNP haplotypes at the BCL11Alocus (Menzel
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et al. 2007), which encodes a repressor of g-glo-
bin expression (Sankaran et al. 2008). Impor-
tantly, KLF1 was shown to be a direct activator
of BCL11A expression (Borg et al. 2010; Zhou
et al. 2010). Therefore, attenuation of KLF1 ac-
tivity could be a fruitful approach to raise HbF
levels in patients with b-type hemoglobinopa-
thies. Supporting this notion, a sickle cell ane-
mia patient with KLF1 haploinsufficiency was
reported recently (Gallienne et al. 2012). This
patient displayed a high HbF level (20.3%) and
had a particularly mild disease phenotype. In
contrast, missense mutations of critical residues
in the DNA binding domain of KLF1 can have a
dominant phenotypewith severe consequences.
Twounrelated patients with congenital dyseryth-
ropoietic anemia (CDA) carried a missense
mutation (p.E325K) in the DNA-binding do-
main of KLF1. Although the patients displayed
very high levels of HbF (31.6% and 44%), this
mutation had a dominant effect that resulted in
severe hemolytic anemia (Arnaud et al. 2010).
Given the broad impact of KLF1 on erythroid-
specific gene expression (Drissen et al. 2005; Pi-
lon et al. 2008; Singleton et al. 2008; Borg et al.
2010), the arrayof human erythroid phenotypes
associated with KLF1 mutations will likely be
expanded as more cases are described in detail.
This is illustrated by two recent studies reporting
that zincprotoporphyria (Perseu et al. 2011) and
increased HbA2 levels (Perseu et al. 2011) are
linked to KLF1 mutations.

CONCLUDING REMARKS

In conclusion, much progress has been made in
understanding the ontogeny, expansion, and
terminal differentiation of erythroid cells, and
future work will contribute to the ultimate goal
of fully comprehending the molecular control
of erythropoiesis at the systems level.
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