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We also performed phylogenetic tree analy-
sis of CD8A from various primates (Fig. 1C).
The CD8A from the common marmoset (a new
world monkey) was distinct from the Catarrhini
and mouse.

Non-uniform evolution of immunity-related
genes

In Table 2, the average percentage of amino
acid conservation between the common marmoset
and human was measured. We found that the
standard deviation between the 30 genes was rela-
tively low (+ 5.5). This suggests that the degree
of evolutional divergence between these two spe-
cies does not heavily depend on the identity of the
gene. In contrast, the standard deviation values
between the common marmoset and mouse or
between the human and mouse were as large as +
13. Therefore, the extent of evolutional diver-
gence from mouse to primates varies.

We crudely categorized the 30 genes into
two groups (see the inserted line in Table 1) based
on their conservation between species. The pro-
teins above the inserted line were less than 60%
identical between primates and mouse. The less
conserved genes include CD80, IL4, IGHE, CD8A,
IL6, CD86, IL6R (IL-6R alpha), FCERIA (Fc IgE
receptor, alpha polypeptide), CD2, IL4R (IL-4R
alpha) and ILI7F. As seen in Table 2, the average
number of amino acids that were identical
between the common marmoset and mouse in this
group were 45% + 4.8 and whereas the percent

identity between the human and mouse was 46%
* 5.5, These less conserved genes have diverged
rather quickly from mouse to primates. The
remaining 19 genes (below the inserted line in
Table 1) were more highly conserved. The aver-
age amino acid identity in these proteins was 68%
+ 7.1 between the common marmoset and mouse
and 69% + 7.5 between the human and mouse.
These 19 genes appear to have diverged relatively
slowly from mouse to primates. These findings
suggest that these immunity-related genes evolve
at non-uniform but unique rates.

The extent of conservation and/or divergence
does not appear to be related to whether the pro-
tein is a membrane or soluble protein. For exam-
ple, both CD44, a membrane protein, and TNF
(TNF alpha), a soluble factor, were highly con-
served. On the contrary, CD80, a membrane pro-
tein, and IL4, a soluble protein, were highly
divergent. Furthermore, the conservation and/or
divergence of a protein between species is not
likely attributable to a particular domain in the
protein. For example, immunoglobulin-like
domains were detected in both the diverged
{CD80, CD8A) and conserved (CD28, CD19)
proteins.

Both 114 and IL5 are Th2-type genes located
in the same gene cluster. However, 114 was high-
ly divergent, whereas IL5 was conserved. IL4 has
been previously shown to be highly divergent
between the rat and the mouse, whereas ILS was
found to be conserved between these two species.

Fig. 1. Comparison of CD8A in the human, common marmoset and mouse. A: Sequence alignments

from human, common marmoset and mouse CD8A proteins. Identical amino acid residues are
indicated by white letters in a black background. The characteristic features in human CD8A are
indicated by bars and include a signal peptide, 9 beta strands (A to G in black), 3 CDR domains
(CDR1 to CDR3 in red), a hinge region, a transmembrane (TM) domain and a cytoplasmic P56~
binding motif. B: Comparison of the three dimensional structures of the CDR2 region. The struc-
ture of CDR2 was predicted for the common marmoset (Y51 to G62) and mouse (Y61 to D72)
using the known structure of human CD8A (Y51 to G62) as a template. The amino acids numbers
in B represent those in the mature protein (a signal peptide has been cleaved off from the open
reading frame). C: Phylogenetic tree analysis of CD8A from various primate species. The tree was
constructed by Clustal X-aligning the multiple amino acids sequences and then joining the nearest
neighbors. CDB8A from the common marmoset (C. jacchus) is encircled by a broken oval line. The
numbers represent the probability of neighbor-joining, where a high number is more likely to join.
The sequence sources were XP_001138871 (P. troglodytes), NM_001768 (H. sapiens), P30433 (P.
pygmaeus), XP_001092778 (M. mulatta), CAB41462 (S. sciureus), DQ189217 (C. jacchus) and
XM_132621 (M. musculus).
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tin 3, TM, transmembrane. C: The residues important for IL6-IL6R interaction (indicated by the
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Mouse and rat IL5 are 93% identical, whereas 114
is only 57% identical (Richter et al. 1990; Uberla
et al. 1991). This suggests that a physical link in
the genome does not likely influence genetic
diversity between related species. The factor(s)
responsible for the non-uniform evolution of
genes is not clear. Mice and primates live in very
different ecological niches and encounter widely
different pathogens. These environmental pres-
sures may explain why immunity-related genes
have evolved so heterogeneously.

Co-evolution of ligand-receptor pairs

Among the 30 genes examined, five ligand-
receptor pairs were worth mentioning (see the
genes indicated by asterisks in Table 1). For each
pair, the degree of amino acid conservation
between primates and mouse was quite similar.
For example, IL6 and IL6R were both categorized
as less conserved genes and were 41-43% and
46-47% identical, respectively. In contrast, ILS
and ILSRA were both categorized as highly con-
served genes and were 65-69% and 68% identical,
respectively. This data supports the hypothesis
that the ligand and receptor genes have co-
evolved.

One of these ligand-receptor pairs, IL6 and
IL6R, were investigated in more detail in Fig. 2A
and B. The primates’ IL6 was divergent from
murine IL6 over the entire length of the protein.
Likewise, the divergence in IL6R was not limited
to the extracellular domain but extended through-
out its cytoplasmic region (note that only the
transmembranous region is highly conserved
among the three species).

IL6, IL6R and IL6ST (gpl130) together form
a complex that is composed of 2 molecules each
of IL6, IL6R and IL6ST. A crystal structure of
this hexamer has been solved using human-
derived proteins, and all three proteins interact
directly with each other (Boulanger et al. 2003).
The IL6-IL6R interaction is mediated by a site I
interface and is an initial step for hexamer forma-
tion. The amino acid residues that are required
for the site I interface are indicated by asterisks in
Fig. 2A and B. Many of these residues are known
to be vital for this interaction based on a mutation

study (Kalai et al. 1997). The amino acids
required for the interaction are aligned in Fig. 2C.
R179 in IL6 and Y230 and E278 in IL6R were
conserved among the three species, whereas F74,
K171 and Q175 in IL6 and F279 in IL6R were
the same in the two primates but different in the
mouse. Therefore, if IL6 and IL6R co-evolved
from rodents to primates, the amino acid residues
responsible for the protein-protein interaction
would have also co-evolved.

Conclusion

In summary, each immunity-related gene
appears to evolve with its own rate from rodents
to primates, and yet those that specifically belong
to a ligand-receptor pair are likely to co-evolve.
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Supplementary TABLE 1. The sequences of primers used to amplify transcripts.

Gene forward primer (5'-3") . reverse primer (5'-3")
CD80 tttgcacctgggaagtgeectggtettact cctccagaggtigagcaaattatectict
getgacttcectacacctagtatatetgac agggcaaggtggggtaatcttgtccatetg
4 gtcagcattgcattgttagcttcte aataaagctatcaaaaactcataaattaaa
IGHE cctecacacagagceccateegtett gtcatttaccgggatitacagacac
CD8A RaRaacSaRggctactatttctgete tgaagtMatgtagtRgYtgtNge
CD8A tecY gSgeScetcccctMgMgeccKagett ttcRetKKcWgRaRgacY ggeacga
IL6 aaaagatggatgcttccaatctggat acataaattaactcagcttcacatat
IL6 ctcgageccaccgggaacgaaagagaa actccaaaagaccagtgatgattttca
IL6R ggacagaatccaggagtectecagetgaga cgtttgtgttttatcatccacagggtccagge
IL6R gaagacttccaggagcecgtgecagtatice ctgggaggcttgtcgeatttgecagaatcet
IL6R ctetgegggaccatggagiggtageegagg tgteteccteccgggactgetaactggeag
II4R ccgettgggegeccggacggegaatggage gaccatgtcctccatgaacaggtggeacac
II4R agcagtggggaagaggggtataagecttt ccaggcatggataagccctagtectcatct
1I4R getcacatgecctgggatgagttcecaagt ggtggctecctgtecagtccaaaggiga
II4AR gaattgtcttaccaagctcttgecetgttt gtgcaagtcaggttgtetggactetgggtc
II4AR geagtcaacatttggagtgaaaacgacceg gatctccactgggcaccatgetgattttce
II4R ctcccaatggggtggctttgetetgggcte geggagggagggtictaggtaggtcacgtt
ILI7F gaacacaggcatacacaggaagatacatic ggcatttctacagceticttcagctgagtgg
IL2RA accaag gagccttccaggtcactgea cttctgttgtetgttcY cggettcttace
IL2RA ctgcagagaaagacctcegettcactgece agcaggacclctgtgtagagccctgtat
CD40 getacagggRittctgataccatetgega cagcagcWecaggcetctcY Rgeea
CD40 agtggtcctgeegectggtctcacct ctttggtYtcacagettgtccaagggtgac
L2 taatcactactcacagtaacctcaactcetge gaaggcctgatatgtittaagtgggaageac
IL7R ttcatttcatacacactggeteacac atgtcaccacaaagtcattggctecttcee
acctgaggctecttttgacctgagtgtegt ctagcttgaatgtcatccaccctatgaate
gtgagtttcaatcetgaaagtttcetggac ctteecttttaaatcatctttgtcgetcacg
IL17A gcaggcacaaactcatccatccccagttga atagtctaactgettiggggagtgtggge
IGHM acccacacagacctgecctegecactgaag ggttagtttgcatgcacacacagagegge
IGHM gtggggtetggegteaccacggaccaggty ggticagetgetecegggetggtggeagea
IGHM gccaagggaccacggtcacegtetectea gatggtcagtgtgctggtcaccttgtagg
ILS gccaaaggcaaacgcagaacgtttcagage aatctttggetgecaacaaaccagtttagtc
CDI19 aagaRgaaggggaggSctatgaRgaRccWga aSgaRRtceaggetRgYcacYtgRgRRtca
CDI9 tattattgtcWecRWggMRRcctgaccat cctgcY caaggttggagtcRitctcatagaa
CDI19 agYggggagMtgttccggtggaatgYit aaagtcacMRctgRgacY WiccaKccaccagt
CD19 atgecaY cteetcKecYY STetY eYtectectett tetKtRgeccacacatacagetKgg
CDI19 tgccceggagagtctgacea cctetgaggacctgttcttcagge
CD3E gecatcttagtagagtaaccatceeg cgattctcccatgggtccaagactag
IL5RA gggagaaaccagtgtctgectttccaatee ggatgaagcatccatacttttaagaga
IL5RA gaatttaacttgcaccacaaacact acatggagctcactgetgetctcactigaa
IL5RA atcttctgttgagtactggtcggaacaaga aggggcatctgtgccaacaagecaggtgea
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Supplementary TasLe 1. Continue.

Gene

forward primer (5'-3")

reverse primer (5'-3")

ITGAX

ILIO
ILIO
TNF
INF
MS4Al
MS4Al
MS4Al
MS4A1
MS4A1
IL6ST
IL6ST
IL6ST
IL6ST
IL6ST
IL6ST

agtacgttggtctagctcticctgaaacag
caagacaggagcaggacattgigttcciga
taaatgacattgcatcgaageectccecagg
atgaaggccgaagtcacggggactcagat
agctctectecaggetgeagtatttigg
tgacccecattaccttgegtetgaactt
ttettggcetacctttgacgtctcecceaa:
acattcagaagaatccegtgetggactgct
tgggttgccaagectigtctgagatgate
ggcttgetettgcaaaaccaaaccacaa
aagcctgtageccatgttgtagcaaaccct
geaaggacagcagaggaccagelaagaggg
cctcWgagaaaaactececatctacMcaR
ctitggggactgtccaRatYatgaatgg
gagagaagcattcagatgcatgacacaagg
getacagggRittctgataccatctgega
agtggtcetgecgectggteteacct
cttcgagcactgtccagtattctacegtgg
agcatacacagatgaagglgggaaggatgg
caccctgtatcacagactggcaacaagaaga
gatactggagtgactggagtgaagaagc
tgaggtgtgagigggatggiggaaggga
gaagtagaagacttagcttcaaatcect

ggcaaagttgttgtataagatgetgeceg
aatatctttcagagcatcaaagtcctee
tcgetgtetacgtecacggagecagaggga
accagtccatcetgggtgaggtcttgac
tagggaggccgtgaagtatcictgageate
tetcactgetcacattggetgtcagaagea
caaagctgaggttgeecticagggtgaaat
gtgeagtggtteecteecegteaggectgac
acagagaagctcagtaaataaatagaaatggg
acctgetccacggcecttgetcttgttttca
gegtttgggaaggttggatgticgtcctce
tcagctccacgecatiggecaggagggeat
gaaagtcagceatgtctcttggaag
ctggaagaaggcaRagatcagcatc
tacataatgcctceccaSagagggtacea
cagcagcWecaggcetctcYRgeca
ctttggtYtcacagettgtccaagggtgac
ctgctgaagttgtagcaggaactactagte
gatcttgagaagacttggactgacggaac
cacgactatggcttcaatttctecttgage
ctgttatcaaatagcatttgetctctge
ccagaaacttggtgctttagatggic
aatcaggaaacttgtgtgttgcecattcag
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Supplementary TABLE 2. Structural features of 30 immunity-related human and mouse genes.

Human gene Accession No. arnI\iII?(; Ziid Domain composition
residues
CD80 NM_005191 288 Ig/Pfam:C2-set_2/TM
4 NM_000589 153 I1A4_13
IGHE J00222 427 Ig-like/ Ig-like/ Ig-like/ Ig-like
CD8A NM_001768 235 Ig/T™M
IL6 NM_000600 212 1L6
CD86 NM_175862 329 IgV/TM
IL6R NM_000565 468 IgC2/ FN3/ T™M
FCERIA NM_002001 257 1gC2/1g-like/TM
CD2 NM_001767 351 Pfam:V-set/Pfam:C2-set/TM
II4R NM_000418 825 SCOP:dliarbl/FN3
ILI7F NM_052872 163 Pfam:IL17
IL2RA NM_000417 272 CCP/CCPITM
CD40 NM_001250 2717 TNFR/TNFR/TNFR/TNFR/TM
IL2 NM_000586 153 L2
IL7R NM_002185 459 Pfam:FN3/TM
ILI7A NM_002190 155 Pfam:IL17
CD28 NM_006139 220 ™
IGHM BC073767 454 IgC1/1gCl1/1g-like/1gCl
ILS NM_000879 134 PFAM:ILS
CDI19 NM_001770 556 Ig/1g/TM
CD3E NM_000733 207 1gC2/ TM/ITAM
IL5RA NM_175726 420 BLAST: FN3/ SCOP:dlegja/ TM
IL2RG NM_000206 369 FN3/TM
ITGAX NM_000887 1163 int-alpha/VWA/int-alpha/int-alpha/int-alpha/intalpha/
Pfam:integrin-alpha
IL10 NM_000572 178 110
TNF NM_000594 233 TM/TNF
MS4Al NM_152866 297 PFAM: CD20
IL6ST NM_002184 918 Pfam: Lep_receptor_Ig/ FN3/ FN3/ FN3/ EN3/TM
CD44 NM_001001391 361 LINK/TM
FCERIG NM_004106 86 TM/ITAM
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Supplementary TABLE 2. Continue.

No. of
Mouse gene Accession No. amino acid Domain composition
residues
CD80 NM_009855 306 Ig/Pfam:1g/TM
Ig/Pfam:C2-set_2/TM
IL4 NM_021283 140 1L4._13
IGHE 727397 427 1g-like/ Ig-like/ Ig-like/ Ig-like
CD8A XM_132621 247 1g/TM
L6 NM_031168 211 L6
CD86 NM_019388 309 IgV/TM
IL6R NM_010559 440 1gC2/ FN3/ TM
FCERIA NM_010184 250 1g1g/TM
CD2 NM_013486 344 Pfam:V-set/Pfam:C2-set/TM
IL4R NM_001008700 810 SCOP:dliarbl/FN3
ILI7F NM_145856 153 BLAST:Pfam:IL17
IL2RA NM_008367 268 CCP/CCP/TM
CD40 NM_011611 289 TNFR/TNFR/TNFR/TNER/TM
IL2 NM_008366 169 L2
IL7R NM_008372 459 FN3/TM/TM
ILI7A NM_010552 . 158 Pfam:11.17
CD28 NM_007642 218 Ig/TM
IGHM AJ294737 455 Ig-like/ Ig-like/ Ig-like/ Ig-like
ILS NM_010558 133 PFAM:ILS
CDI19 NM_009844 547 Ig/1g/T™M
CD3E NM_007648 189 I1gC2/TM/ITAM
IL5RA NM_008370 415 FN3/FN3/ T™M
IL2RG NM_013563 369 FN3/TM
ITGAX NM_021334 1169 int-alpha/V WA/int-alpha/int-alpha/int-alpha/intalpha/
Pfam:integrin-alpha
IL10 NM_010548 178 IL10
TNF NM_013693 235 ~ TM/INF
MS4Al NM_007641 291 PFAM: CD20
IL6ST NM_010560 915 Pfam: Lep_receptor_Ig/FN3/ FN3/ FN3/ FN3/ FN3/ T™M
CD44 NM_001039151 365 LINK/TM
FCERIG NM_010185 86 TM/ITAM

Domain composition was examined by SMART and BLAST (PHAM) tools. As for the abbreviations,
see the footnote of Table 1.
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—EBIIRKEDOMBEREHMBENZTAZEEE LVEVWIHDLIALTY
505, BEDBREBMOMERICILY, PEOREKTHL  OREDT
BEICRoTETRY, HBRMESHDE LToFRHEIEVLOLE
bbb,

EBEMELCOIEYT—FL Y K

A ERBRLEERRICBVWCIIa® v —Fty PAELFH X
nNTEBH, 1) P A FHEEROBGSERBR L EICLHWONTE
fCB)A).

REBETFNVE LTORMIZ, bBHAATTRIZENL DL VED

BAEBIMLTETBY, 2ORENLLOZRTIIRT. AETI



246(726)

HEEMEOREOES (FifR) ZAEMLEME

BIEY - 64% « 3 BTIS

%1 AFELv—TFTty NOKBEFINELTOFA

BRIEN B

RBBAES B

RESE EERETFN
BHSE BARIERY < 2987
LTS EF 705 7F MES & UEHFHETILS
BCRERESH BEi ) v F
5, BRERSH ZRMEBLE

aMIZ "

fzEep?

TIVYINA T —FR/
IN—F U AR
NF 2 h AR
3 CEET R

Epstein-Barr 71 JL X BIEM 2Z BHE D B2
TF A A BRES

NV LESIFS > %l

BT R®

73

HH 1M 240

PAS AN id

v T YT

FEMEMERER"

LA 3 FHEY

wEER"

REB™

HEBER A (Eastern Equine Encephalitis | EEE)
FERK /I 27L—E-

DRRTEAE

SRS OFMIZEEROERE LA I TWZEL.

MzEEREFILELTOAEY—Ft Y b

N AEORE

RO &) B S NCHHEE B L OBAIERS B0 T
Erye—%ty MIBKREZVROFMEIEML TET5H. A
o CIEREHRFIREFTERFMAZE»LOZ (OXEER
A, BMBAFRLICIEYY—ELy PORBEFVELTOH
OB 27> CE&LDOT, UTIRAMSETHLLEL.
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1. MiEFav4EE

aeye—tty FoMEfMasre b EOREHELL T 2
BET 52 i3, EERGBERARICBILMBERAESDE LR
HAUZEMT5) 2 CTHOTCEETHL. Tabb, EEHOEIMM
BADOHREOAL ST, MEEEOHEDOFMRE LTLEDCEE
bbb Thah HLIFTaErv—Fty MEMFTERMEO
A MO ANORIEH, a2y —Fty blIHEMEE e M TH
WHNTWABHR Y O— VR E DRREMIT OV TR 2T 7.

A bAAL T AR —F Lty MEHBTERME O RS
ik, ¢ b)) AR F v (EPO), BRIz o=—RlEKET (G-
CSF), Efk -~r7uvr—Yau=—flgEF (GM-CSF), 4
v&—uAfFy (IL)-3, IL-6, by KKELF > (TPO), &Ml
H¥ (SCF) iixdsan=—EleEx e MERIMAL L KL C, £
Futro— 28 ERACTHRE L. 2088, a5 v—Fty
MERMRERMRII IS P A ML I LT FoMfa L[
BICRISTAZ LS Nk o72. 12, GM-CSF % SCF (3#
BREOBVWTA AL THD, & MEIOH A A A T o i
W LTIRER Lz, R2IORTEHIZ, € b GM-CSF (3aE >
X —Ety NMERERTEIMIfE O A REL, v b SCF ik oA
EFERRIS, DA b ALV EMERENICHE, Foau-—HEHEK
. b0, aFyY—FLy NTIEYIALRETD
I FOHBEEONA AL 2R Ed, ML MLV
THRETZXBILEPHL NI R o727,

Rz, 70— A4 b A MY =LY, RO MIEMARC T
BN TIE Y —FELy MIEMIICRET B 2OV THRETL
72, "3IDLHITY YBRTIX CD2, 4, 8, 20, 56 & DR =M% 0,
PRO 70—V E2RRETY Y2NBROFEE, SHSTTRETHSLI L
DRI S, BHAOMIE T CDIlb & O EME T L7275,
CD13, 14, 33 & &I Leh o7z, 72, CD34 122\ Tid 6
rua—rETL, 127 u—> (Qbendl0) 2’XELLDLDOD, [
O—z2HWTHHEL7: CD34 BHMEO 20 = —BREENED 5
Nehol®, 0k, LsdHFHicarr~v—Ety b CD34 #T
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FHRMEOREOES (Fif) ZHEMEFM BRHES - 64% - 3 A5

K2 EbYFTbHIICHTEIIEY—F 1y BRI RTHE”

Y1 bhh1 CFU-GM BFU-E CFU-Mix
EPO 3514 18624 0.0+£0.0
iL-3 68.0£7.0 0.0x0.0 0.0x0.0
SCF + EPO 1125x86.0 51.0 £ 3.1 6.0x1.0
SCF+IL-3 1355+ 4.8 1.0£06 48x0.6
SCF +1iL-3 + EPO 1055+ 3.3 67.56 £ 41 24016
GM-CSF 61519 0.0£0.0 0.0+£00
SCF + GM-CSF 134529 0.0x0.0 0.0£0.0

CFU-GM, BFU-E, CFU-Mix / 2x 10" bone marrow MNCs.
Human SCF:10ng / mi, IL-3:10ng/ mi, EPO :2u/ mi, GM-CSF 10 ng / m!

s A CFU-MK
IL-3 86x1.5
TPO 229+22
SCF +TPO 36.9*28
SCF +IL-3+ TPO 479132

CFU-MK / 1x10' bone marrow MNCs.
Human SCF : 10 ng / ml, IL-3:10 ng / mi,
TPO ! 10 ng / mi

B EBRD [450KE] 1

Baiikd s u— ik (MA24) Z{ERL7:. RBUEIZLD o
B —Fty MNMEHATBRHORENWEEIZ R o /2%, 2 B,
TEYY—Fty MEM - RIERMRZIFRNICHEETRER R 70—
v PURDSEERBY Y FR B FERT, NERE K - EHARTHE, KHF
BHER O VERIER IR TETBY, Thooiifks ) —
XAV S ARG IICFIHTREIC 2 0E, Iy~ —Ft v b OHIE
RIFRE L L COMEIE—BHE2 0L HFEIN LY.

& MEF IR A £ TV
aEvv—Tty FOEM® - FIERMARORIULE Y S EFR S
WKATH) T LB TEAHA, KEMICEN R S h7oE e - miskiliia % F) 8
T 539 BHELOBE~NOEEL bW DEEZONS, £2T,
aAEyw—Fty Mk b G-CSF 2#%5 LT, KM~ EMm#
ERfifans B O REMEZMET L7z, 10ug/kg/H®D G-CSF #5H
x5 L7:& 25, QIR HHIREUIRS BT, SHEz ML,
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%3 b IR T AR E DT LT — Ty IR & D3R

CcDh 7A-> NI = {E%EE
2 T4 P PB +
RPA-2.10 F +
3 HIT3a F PB -
UCTH P -
4 RPA-T4 P PB -
SK3 + SK4 F +
8 T8 P PB +
RPA-T8 F -
11b D12 P PB, BM +
13 - WM15 P PB -
L138 F -
14 MgP9 F PB -
16 NKP15 F PB -
3G8 P -
19 HIB19 F PB -
4G7 F -
20 B1 F PB +
L27 P +
33 P67.6 P PB, BM -
34 My10 F BM -
8G12 P -
Qbend10 biotin +
581 P -
BIRMA-K3 P -
NU-4A1 F -
38 HB-7 F BM -
45 H130 P PB -
56 - My31 P PB +
17 NU-c-kit F BM -
YBS. B8 P -

F . FITC (phycoerythrin), P :PE (fluorescein isothiocianate), PB @ JHIi,
BM : Bt

& MATERMB (CFU-GM, BFU-E, CFU-Mix) i3#%5 8 HHB#» V¢
—272 11 HEFCTHMLZ (K2)., ¥56iZ, b G-CSF o5 H
HMoOKkE5#%, ZOBRAPS5~7 HME, #H 500ul ~1ml 2RI L,
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SRMREORIENES (FIK) SEEMHMAE

BHEY - 64% - 3 RigH5

2 b b G-CSFRE#MOITLY—Et v MRMMEMAERMBIEOHE™

CFU-GM /2x10" cells

CFU-GH BFU-E, CFU-Mix
2 . - .
1207 G-CSF (10 kg /kg) ey 2% a-CSF (104g/kg) i)
Fvobdd =4 8 bbb =4
100+ -
o 154
80+ « :
CFU-GM = !
60 ? 10 BFU-&
s}
[
40 1 &
W 51
2. ‘
0 é CFU-Mix
O 1 ] 1 T 1 ] 1 1 1 ¥ ] O ¥ 1 T 1 1 ¥ i i T i H
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
(8) (B)

BRI T4 e S - ATERMHIAE 2 $REL S % Z L AT & /2. BAliT AL i
HEE LT A SRS 2 VoA, BEMEL 750Gy THh - 72,
PEoORBHEREREL D LI, BREMILBEMEREZITo2. B
FEES I, BRI v FHEROLOHEIFEMRE L LT 500Gy DR %
EiplL7:. FO#%, b b G-CSFH5ICL DRWL, WEERPTHR
HFLTBW KMk BIE L 7. BHf% 4 ~ 5 B T ERE,
MAROEEARD b, BRAELHEMERBEESVELTIEY
v —%ty NOSFIETETH A EIRENS. 0%, FEGHER
MEFVOEREZEELT, aEry—%ty FEMIKHUR (MHC-
DRB) BIZFEHORERTV, EBROIE~Y—F+tLv b® DRB
7L VE 5 EEIZSHETE Y,

3. EmEimiEEFARET IV

2. T~ KA MBMBEBHEE ST VERBELC, EnHMiRdEx
FEEFVOVER #1T 572, MDRI (ZHIMHEEEF) %3 MLV
LhaY A NVANRY ¥ — (HaMDR1) # AW CERMEME @~ A
VABEAMIE=1 1 KMMBMRELEET LI L THEFEA
%4T-7:. SCF, IL-3, IL-6 OFFETIZ 96 ~ 144 FEFEEL, 15
~20% DI —~DRETEAMPHER SN, SBEFCBELL
BIERMRa %1 CFU-GM T4 ~ 125x 10/ kg Tho72. &5 MGt
(25Gy) #D4FEOIE YT —Fty MIKEERL Y BREL .
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3 EBEFEAENFEMHABERBEIE Y — Tty bEMMS L OSBEMAICH35 MDRI 7O
4 ]V 2 DNA O™

A No.2 No.3

@S S S P P W
S @ @ @

PB PB

HaMDR1 <

A-globin  «e <D

B No.4 C HaMDR1 Standards D /-globin Standards
AN
> © \&
(bQ) /\b‘ \43 q:\ .@fo
B » & > R
O el O O &) O O o N
A R SN
Gr Ly Gr Ly Gr Ly Gr Ly 1072107107 10°° O\ SIS

HaMDR1 CEbGIDa»o>adDa» e Qﬂg ':

A-globin -G a» as oD

PB: &I, BM: B3, Co:au=—, Gr: ik, Ly: " /38K

BiZiTo/-aEry<—Fty POKMIMLD 5 2B HMEA S
L7445 DNA X b 70w 4 )VA HiMDR] BIZFEADK BB
2frof. B3R L2E ) CHBEEOKMMZ & B ML B
WTRMICD: ) MDRI BEETEAMIEIC L 2800 RH 60, 2
NoDOEEIZBWTCIIAIFE 2 EORIEITRD SN o722 XD
AEMEHEREFIEREOREEITRIE I N, T, HEKICE
Ly F LV ERS LI2E A, MDRI EETEAEKIZBVTIEEKRY
MEFPERBOBRT ORBEIIBRELEAICH o722 &0, BEZTEA
3 N7z MDRI E{ZF D in vivo TOMEMIFIVRIB SN2 (F4)%,
4. JET—Fty NEME (ES) MO I & MRFEE TOL
R DORTEEM

EEOHAEERMAOELSIIEL {, ES Ml ALLiEME (PS)

Mz AV TREEMIL D A 2% & TSR 2 B8 L 2052580 b h
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SMPMROREDES (FIR) ZHREMLIHAR BHES - 64% - 3 FIITIH

E4/W%H%E?ﬁl%ﬂﬁﬂﬂﬁé%@@ﬂ%y7~%tvbXﬁﬁ¢ﬁﬁ®Ft9*th$%®
BrEA0EAL

1004

104

i ‘ (No.1,3,4)

} (No.4) } (No.4)
‘ (No.1,3) ‘ (No.1,3)

—e— No.1 (2> hE-W)
—e— No.3
—i— No.4

| oresxeARS

0

T T 7Y

10

||||||| LA T T A O I A O S B AL R LA LA B L MLULNL AL AL AL L AL BN SLEL LA

20 30 40 50 60 70 80 90
BEZRAE

TETHY, BEROIIIEREFZENDIGHOWEILZ-,TLHbDLE
WEHEXNTWSE, LEL, ThETOELLOBFIE~ T A Z V726t
FXEIIILALTHY, & MADISAEEZ 2L ZITIIRE DL
TOWRZEBIICED LLENHLEEZ HNSL, Thomson S
COLI)REBENIS, T3FUI—FLy bbWTIZTATXFILD ES
M Z R L7-%ice M ES Mo L7z, 4 1E Thomson
Sz oEyshi-asr~<v—EFtky b ES #ils® AFL, ES fila
FRIcEF L2a%, AP TE ES Ml CIZREREY Y ATOH
NI S Tld e h o, 22T, HEKHTOaEY v —F
%yhESM@@Q%ﬁ%:&%%@LJMmEuﬁﬁuﬁwtt
(E5). :@%ﬁ%@%ﬁ$év@X@@%%@%&%%ﬁLfﬁD,
ES MBARIE~DOFIHICEL TWALNEEZLNEY. KAIELTD
th, aEvv—Ftv b ES HMEE W ClEkfie~ontR % i
TR HEDTE L, AL Lo v —FELy b ESHl
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K5 aFrv—TE+ty MNEME (ES) MR L™

Original CMES ALP TRA1-60 TRA1-81

SSEA-1 SSEA-3 SSEA-4

JRIEBFEA b o —<HIBOEETICB W TIERMBEA~D LA in vitro
WKBWTEBSEINLbDODZDORTIIED TR, &l ~o
FRZZZLEE, LY RHRMERSICROVERSLE L EZ SN,
BIEFEABEMEH W NEEZT) 2 &S L. WELEmMICEES
LTWD I EREBRE SN TV ERRET 62 BOBORIET
BLVFIANWVARY =28, a®rv—Ftv b ES HikiC
B TEALAHESE, bHLH ¥4 7OEEBRTTH S Tall /Scl &
EFRBEALL~Y—FEty b ESHIMLIRR bu—<HlROFELR LI
MERZHMADERLS ML TELIEPHOMI R4 (H6)%,
22720, INSoOEMATERMID in vivo TOMEIMMAEIX T AZEFHTX
TBLHY, in vivo TORMEMABHERFOLZOITIZE 2 OBIETF Y
HThoLHHdH 5.

B bH Wl

TIEVY—Fky MITHTFHFEALR I I A FN R EDOREY L &
e FERBEERBYWE LTINFTIRELOEERAKER
rERODGEIZH 6 LTE. BEOEFBRIIHBEZ L 0 ErYL
LTWSEHIIZH Y, b ML DEVEY TOERELRFTILEICL



