The Effect of [L-6 on Human Bone Marrow
CFU-GM Colony Formation : Inhibition of IL-6 to
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Fig.1. Dose response curves of various growth factors on human bone marrow
CFU-GM colony formation. Colony numbers were counted on day 7 (-0,

O-00) and day 14 (@-@, H-H).

Each point shows mean of the CFU-GM

colony number generated from 1Xx10° bone marrow cells using serum-free
medium in triplicate cultures. Bone marrow cells were cultured with various
doses of rhG-CSF (A), thGM-CSF (B), rhIL-3 (C; O-O, @©-@), rhIL-6 C;

[-],M-M), and rhIL-1a (D).

human interleukin le ; rhIL-3, recombinant human interleukin 3; rhIL-6, recombinant
human interleukin 6 ; rhM-CSF, recombinant human monocyte/ macrophage colony

stimulating factor
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Fig.2. Effect of rhIL-6 on human bone marrow CFU-GM colony formation in

serum-containing culture.

Recombinant

hIL-6 was added in various

concentrations (0.1-10 units/ml) to the bone marrow CFU-GM colony assay
system with 5 ng/ml of rhG-CSF (A) or rhGM-CSF (B). Colony numbers were

counted on day 7 (X)) and day 14

standard error of percent of control from three separate experiments.

()}

Each value represents the mean +
In

control cultures, which were incubated with rhG-CSF or rhGM-CSF alone, the
absolute colony numbers were approximately 300 on day 7 and 180 on day 14

in both G-CSF- or GM-CSF-induced CFU-GM colony assay.

**p<0.01 vs.

controls by one-way ANOVA followed by Dunnett’s multiple comparison.
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Fig.3. Effect of rhIL-6 on human bone marrow CFU-GM colony formation in
serum-free culture. Recombinant hIL-6 was added in various concentrations
(1-30 units/ml) to the bone marrow CFU-GM colony assay system with 5 ng/
ml of thG-CSF (A) or thGM-CSF (B). Colony numbers were counted on day 7
(N) and day 14 (O). Each value represents the mean + standard error of
percent of control from three separate experiments. In control cultures, which
were incubated with thG-CSF or thGM-CSF alone, the absolute colony numbers
were 20932 (A, day 7), 1646 (A, day 14), 203+3 (B, day 7), and 16239 (B,
day 14), respectively. **p<0.01, *p<0.05 vs. controls by one-way ANOVA
followed by Dunnett’s multiple comparison.
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Fig. 4. Effect of rhIL-6 on CFU-GM colony formation with My10 positive cell
enriched population obtained from human bone marrow. To investigate the
direct effect of rhIL-6 on GM-colony forming progenitor cells, My10 positive
cells were enriched by a panning method as described in Materials and
Methods. Recombinant hIL-6 was added in various concentrations (1-30 units/
ml) to the bone marrow CFU-GM colony assay system with 5 ng/ml of
rhG-CSF (A) or rhGM-CSF (B). Colony numbers were counted on day 7 (N)
and day 14 (OJ). Each value represent the mean =+ standard error of percent
of control from three separate experiments. In control cultures, which were
incubated with rthG-CSF or rhGM-CSF alone, the absolute colony numbers were
90=+5 (A, day 7), 104+60 (A, day 14), 57+36 (B, day 7), and 7549 (B, day 14),
respectively. **p<0.01, *p<0.05 vs. controls by one-way ANOVA followed
by Dunnett’s multiple comparison.
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Fig.5. Time course analysis of CFU-GM colony formation in different

concentration of rhIL-6. Human bone marrow nonadherent mononuclear cells
(1X10° cells/ml) were cultured with 5ng/ml of rhG-CSF (A) or rhGM-CSF (B)
in the presence of various doses (0.1-10 units/ml) of rhIL-6 in serum-containing
medium. The cultures were done in the absence of rhIL-6 (O-O) or in the
presence of rhIL-6 at the concentrations of 0.1 unit/ml ((J-0J), 1 unit/ ml

(A-A), and 10 units/ml (Fr-¥¥).
deviation in triplicate cultures.

Each point represents the meanzstandard
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Fig. 6. Effect of rhIL-3 on human bone marrow CFU-GM colony formation in

serum-free culture. Recombinant hIL-3 was added in various concentrations
(0.1-10 ng/ml) to the bone marrow CFU-GM colony assay system with 5 ng/mi
of rhG-CSF (A) or rhGM-CSF (B). Colony numbers were counted on day 7 ()
and day 14 ((J). Each value represents the mean + standard error of percent
of control from three separate experiments. In control cultures, which were
incubated with rhG-CSF or rhGM-CSF alone, the absolute colony numbers were
134+49 (A, day 7), 27+5 (A, day 14), 63+12 (B, day 7), and 70£2 (B, day 14),
respectively. **p<0.01, *p<0.05 vs. controls by one-way ANOVA followed
by Dunnett’s multiple comparison.
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Fig.7. Effect of rhIL-1« on human bone marrow CFU-GM colony formation in

serum-free culture. Recombinant hlL-le was added in various concentrations
(0.1-10 units/ml) to the bone marrow CFU-GM colony assay system with 5 ng/
ml of thG-CSF (A) or rhGM-CSF (B). Colony numbers were counted on day 7

(N) and day 14 (0O).

Each value represents the mean + standard error of

percent of control from three separate experiments. In control cultures, which
were incubated with rhG-CSF or rhGM-CSF alone, the absolute colony numbers
were 82438 (A, day 7), 51+33 (A, day 14), 65+31 (B, day 7), and 6338 (B,
day 14), respectively. *p<0.05 vs. controls by one-way ANOVA followed by

Dunnett’s multiple comparison.




t MEfE CFU-GM 344 3 IL-6 »7gd 229

Tablel. The effect of preincubation with rhlL-6 on human bone marrow
rhG-CSF- or rhGM-CSF-induced CFU-GM colony formation,

Preincubation® rhG-CSF-induced rhGM-CSF-induced
CFU-GM CFU-GM
i hIL-
Time r 6 Day 7 Day 14 Day 7 Day 14
(units/ml) (per 10° cells) (per 10° cells)

30 min 0 316520 604 934414 206426
5 1642011 28+411 244440 19640
1hr 0 46274 1746 162+22 14014
5 302+58¢ 761611 156+38 17015

24 hr 0 158+10 1306 272+16 168+8
5 78+ 1411 584611 260+4 207+24

2 After preincubation with rhlL-6 (5 units/ml), cells were washed three times with
PBS, and then incubated with rhG-CSF or rhGM-CSF (5 ng/ ml) in serum-free
culture.

b The value represents the mean = standard deviation in triplicate cultures.

¢ Statistic significance was evaluated for control cultures, in which cells were
preincubated with medium alone, by Student’s t test. 11 p<0.01, 1 p<0.05.

Table 2. The effect of preincubation with rhlL-6 and
rhG-CSF on human bone marrow rhG-CSF-induced
CFU-GM colony formation.

Preincubation® rhG-CSF-induced
CFU-GM
Exp. 116 rhG-CSF
Day 7 Day 14
(units/ml) (ng/ml) (per 10° cells) (per 10° cells)
1 0 0 209+5° 93%5
5 0 125+1311° 584211
5 0.1 171+3 78+2
5 1 199+21 91 L7
5 10 163+30 94+ 14
0 10 17024 946
2 0 0 31+3 19+1
5 0 15+11t 1021
5 0.1 16+411 10£11
5 1 16411 13+1
5 10 35+ 2 21+3
0 10 27+4 1646
@ After preincubation with rhlL-6 (5units/ml) and

various concentration (0.1-10 ng/ml) of rhG-CSF for 30
min, cells were washed three times with PBS and then
incubated with rhG-CSF (5ng/ml) alone in serum-free
culture.

® The value represents the mean =+ standard deviation
in triplicate cultures.

¢ Statistic significance was evaluated for control
cultures, in which cells were preincubated with medium
alone, by one-way ANOVA followed by Dunnett's
multiple comparison. 1} p<0.01, { p<0.05.
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OB, Mbb RS TR e, b VIR DI > & 0 L MBER S CHE TR

EMEMMEOFE L T 258, L OMERTER BLED T 2MIIERBEEL, 197650 Guilbert
ERbs. —RICEEICIIMBEL15-30% 5N % . SOWMEDWTHEFREL TITbN B X 3127k D BiFE
EIAHNMBICIERMOMEREMEFSEEN T BLTHLLK 2»DOERPEMBEZELZHAV TiT
Bz, MibanEmEFEERLLELTLE 7z, ZOFER, 2BIURITREND LI, 1
DREFROEENEZ sh, EMOENRTFOER FraURBECTHROEEECLRCEABE S L
2HObLTWAEIZVLLENL. 207k, MBEOMR o, KERTH LN MEDHERIERTE LY

Table 3. Characterization of CFU-GM colonies.

Growth factor Day 7 Day 14
rhG-CSF G -colony® 90.3%" 98.4%
GM-colony 9.6% 0
M -colony 0.1% 1.6%
rhG-CSF +rhlL-6¢ G -colony 97.3% 84.6%
GM-colony 2.7% 10.1%
M -colony 0 5.3%
rhGM-CSF G -colony 90.6% 90.9%
GM-colony 3.9% 1.3%
M -colony 5.5% 7.8%
rhGM-CSF +rhlL-6 G -colony 96.0% 71.8%
GM-colony 0.7% 19.4%
M -colony 3.3% 8.8%

a2 G-colony, granulocyte colony; GM-colony, granulocyte-
monocyte/ macrophage colony; M-colony, monocyte/
macrophage colony.

b Percent of each type of colony identified with double
esterase staining method. More than 5 agar cultures were
counted on 7 and 14 days after the beginning of incubation.
¢ Recombinant hlL-6 was added to rhG-CSF (5 ng/ml) or
rhGM-CSF (5ng/ml) at the final concentration of 10
units /ml during the culture.

A

28 40 50 €0 0 80 29
BSF-2 QIRVILDGISALR K c1~xs~ ESSK[ALAENNlALPKHAEKDGFQSGFNEETLVKI!YGL
G-CSF QVRKIQGDGAALQEKLVS[ ATYKLICRPEELVLLGHSLGIPW APLSSCPSOALOLAGCLSOLHSGL

20 30 40 0 60 80
BSF-2 6.3 63.7 38 49 55 amino acids
/1L-6 G 154 - 1047 . 706 . 1737 -:l

114 147 165 bp AATAAA

13.3 54.7 36 49 54 amino acids
C-CSF i7s 378 Ll 144 i 164 B il

40 164 108 147 162 bp AATAAA

1 11 11 v \%
Fig.8. Comparison of the amino acid sequence (A) and the gene organization
(B) between BSF-2/IL-6 and G-CSF. This figure is quoted from references No.
14) and 27).
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DThBEEZ LN, DE MM (accessory
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Rtk KG-la OfIfIE <> 2B L TES I b O
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D7z My 10 B MHH A58 T3 s I 8 MR R s I 4 &
h, 20=—ERIMEET L ERTHLE¥ SED
EETI3 panning ¥ & Y My 10 BEHARE S % 5%
MWL, rhG-CSF % /i3 rhGM-CSF i« &t ¥ 2
thiL-6 DFIRICODVWTHEARL L 22, K4 wREh 3
£31Myl0 B MM T4 rhG-CSF & rhIL-6 i
CFU-GM oo =—JEicst U CHERMcEA L 2.
Myl0 BEMEMAE O L3 % BLBEMBE TH~2 &, B8
EEIEMEMETR O Myl0 BUMRIZTH 2% ThH
50X L, panning T & D 20-25% B L.
Lal, TRAUEOBMEZEL <, Moz gs
TECMOBOW I L Ex b o7z,

EBIMEHBEDS <13 Go BlLEiZh 2 WA+
BEBCDH2. Zho0EMBMIICBLT, Lot
AERTHEESBIGS N Go s#ih2 L, 5353
2B (lineage) OEMEATFOBEEZ Y, ke 1y
B MEEBILT B Lk s . I REmE
FEDEDIDIZHELS. — DI MEERBEBOE
MBI EA L, SMBGERGICE < ET (ate-
acting, lineage-specific factors) T#H b, B34k
BEATHOE MBI (ERE L, MBSN85 <
B (early-acting, lineage-non-specific factors) 7 #
D BEZRBLEHOBRERCEH BT TS 5.
GCSF M T orr BRI u=—0
BEBWRT 52 L5 5, lineage-specific factor & &
26NTED, 20DiF» M-CSF 2 Y A 0Kz s>
bINE$T 3. GM-CSF {33 I 8 o Fa b g
BRELXRT2 22 50, b | SIS0 CELR,

BR/v707 75— Y0DRETEI 02— 2WRT 2.
BT thGM-CSF k& g 8244 TOB—BLU%
BEM: (multilineage) Do w = — KPP LY R o¥ T
FrOFET CRAFERR I — DR LT 3 &
WIREPIMASNE. DL LY GM-CSF &
R S SN B b S0 T E N RB AN D
Sonoda &* % GM-CSF 8, % %\:it GM-CSF &
IL3 tOH#FAFERTH+A%Z a0 = — TRk % &
m-o7zA3, lineage-specific factor T# % G-CSF
VATRIF V2025 L EHICD 0o —BRHHES
ENBIELERMIEHRTCHELL. cOZ Lk
GM-CSF I3RBADBIREERE X D & 22 L 2 Y5 M0 &b 40 g
DFZEOFMARM cF L TE =, FREREOEH+
XFETBIEMNFREINL. IL3Wd L bk Thle 5
REDR—F 27 AT A 704 F kR
ROBREFET2ET ¢ LTEREN®, 20%%
MG E MBI 8 < 8 T 0 = — R HIRE T
(multi-CSF) £ LCOERE*BE T2 2 & DEF S Ak
%o57*®. Suda 57 ixew X SeEnRMiiogec
IL-3 8o THEMULI-E 2 2HF Koo = — 8T
DUIzh, FOWBRE, HMEOWERLLEL LD -
el e, IL-3 Y TRHMIBALICA - 1 SaEE
M ORRH 2 LR T 500, BEBHICANLS
OO EEICRE SR WEE L. %72 Paguette
5“3 IL-3 3 hG-CSF, hGM-CSF ¥ HSiic @i ¢
CFU-GM 2 o= — R ERIB L 7 2 £ 23E L7,
Zhid IL-3 2 & % CFU-GM @ % # i lineage-
specific factor BUBETHE I LETHBL, DI &
&0 IL-3 EmBMlaoFEEHORBER I
LaweEZ 5hiz. Stanley 5“9 b b BEDCEMIR
PRS6I7TDREE LR IZTFER L, < v A GBI O
Ex IL-3-HRAICHET3EAOH S hemopoi-
etin-1 2#% L, Mochizuki &% hemopoietin-1 2
IL-la t[A—0OWETHL S L BE LT, Zsebo
®{ hemopoietin-1 (3BTl 2 0 = — R & HiE+¢
T, IL-3 DR S M T 5 VR & i+
% Z ko, hemopoietin-1 13 IL-3 IZK ST 2 4188 &
Dy bo bR EHRHEBRICERL, Mg
CSF RICHEBIZFES T 20T R uh EE2 1.
Doz e 2ERL, RFR I rhiL-6 » & &2
rhiL-3, rhil-le O{EH & #5 L7122, rhG-CSF &
thIL-6 & T& & 7 f5PifEMIZ rhIL-3 ® rhil-la T
EEED S o7, Tkebuchi &= A D&M
BERIT = DB IL-6 BNEET 2L, IL3 8
BMOBLD b EfIcASH, Broao=—0
BEEECEELE A N Er 52 2 Eh s, IL-6 28
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—BI/vru7 r—YROEMREROSEEL
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In vivo OEMRDOVWTIRE L ICEETH D L
Zirohs. BHEMAIEREL L CREPICEE R
X ¥ oEBBESEEL, FRSEEL, H2VIEH
ERCEMcEEERIFL, 2 REMERFIZO2WT
b, ZLORFOMEFERORBR & L CENFMERED
My, WEBERINTHWIRTTHS. £ETOY
A VAA Y DEMEL Ry b7 —2 O LEMERFD
FERRISIC A T, in vitro 2B 3RO EERL
BREshr.

& E

rhIL-6 DF¥t B8 CFU-GM x4 23R %,
BIhoiEE & rhG-CSF % 3 \»id thGM-CSF & D #
BER L TREL, UTofEHRE2E:.

1. EMEERTC, rhIL-6 ZBBTIILCEREL
&% CFU-GM Zu=—JR2REMLE» o7,

2. rhiL-6 *#E * % %2 T rhG-CSF % 72 &
rhGM-CSF %, CFU-GM oo =—EIZxST %
SRS HIzE 23, rhG-CSF 2 LTk 0-30 units/
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Fig.9. A schematic model of differentiation of
myeloid hemopoietic stem cells.
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3. rhIL-6 % rhG-CSF % 7:iX thGM-CSF 2z
<% CFU-GM cu=-—»FBR s 2 M EMLE
»ot.
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Abstract

The effect of recombinant human interleukin 6 (rhIL-6) on the formation of
granulocyte-monocyte/ macrophage colony forming units (CFU-GM) in normal human
bone marrows was investigated. Recombinant hIL-6 alone did not stimulate CFU-GM
colony formation at all in serum-free culture. When rhIL-6 at various concentrations was
added to the bone marrow CFU-GM colony assay system using a recombinant human
granulocyte colony stimulating factor (thG-CSF) or a recombinant human granulocyte-
monocyte/macrophage colony stimulating factor (thGM-CSF) as a source of CSF, rhIL-6
showed a significant suppressive effect on rhG-CSF-induced CFU-GM colony formation in
a dose dependent manner. In contrast, ThGM-CSF-induced CFU-GM colony formation
was not affected by addition of rhIL-6. GM-colony forming progenitor cells were enriched
by a panning technique using an anti-Myl0 mouse monoclonal antibody which reacts
specifically with human hemopoietic progenitor cells. A similar effect of rhIL-6 on
rhG-CSF- and rhGM-CSF-induced CFU-GM colony formation was observed when the
enriched Myl0* cell population was used. To investigate the mechanism of the suppressive
effect of rhIL-6 on the activity of rhG-CSF, bone marrow nonadherent mononuclear cells
were preincubated with rhIL-6 for a short time (30 min) and then cultured for CFU-GM
colony assay using rhG-CSF or thGM-CSF. Colony numbers induced by rhG-CSF were
significantly reduced after preincubation with rhIL-6, while the thGM-CSF-induced colony
numbers were not. Furthermore, such a suppressive effect of IL-6 on rhG-CSF was
abolished when the cells were preincubated in the presence of high doses of rhG-CSF with
combination of rhIL-6 for 30 min. These results suggested the possibility that rhIL-6
induced the down-modulation on the expression of G-CSF receptors.




