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Abstract: Objective To explore the relationship between human umbilical cord mesenchymal stem cells (h(UCMSCs) and platelet
homeostasis based on biological information analysis and animal experiments. Methods DisGeNET, GeneCards and STRING 11.5
databases were used to analyze the targets and pathways of hUCMSCs induced thrombocytopenia. SD rats were randomly divided
into five groups: Negative control group (0.9% sodium chloride injection), solvent control group (80 mg-kg™ albumin) and
hUCMSCs high, medium and low dose groups (1.0 x 107, 5 x 109, 2.5 x 10°-kg™', which were 2.5, 5.0 and 10.0 times of the clinical
equivalent dose, respectively) with 6 in each group, half male and half female. 10 mL kg™ tail iv was applied once a week for four
times, which was consistent with the proposed clinical method. Platelet count (PLT), platelet pressure (PCT), platelet distribution
width (PDW), and mean platelet volume (MPV) were analyzed by automatic hematology analyzer. The rat sternum was dissected
and bone marrow was extracted. Bone marrow smears were prepared and stained with Reiter-Giemsa composite dye solution. The
total number of megakaryocytes and platelet-producing megakaryocytes in the whole film were counted under the optical
microscope. Total spleen length was measured. The spleen was stained with HE and PAS for histopathological examination. Real-
time fluorescence quantitative PCR (qRT-PCR) was used to analyze the mRNA changes of liver thrombopoictin (7PO),
thrombopoietin receptor (Mpl), Kruppel-like factor 1 (KIf1), Friend leukemia integrin 1 (FLI/) and GATA binding protein 1
(GATAI). Results hUCMSCs had 209 targets related to thrombocytopenia, acting on 158 signal pathways. The most closely related
pathway to platelet formation was the hematopoietic cell lineage, which contains 20 targets. Based on the average connectivity, 14
core targets were screened: IL6, TNFRSF11A, CD34, KIT, IL4, CSF2, CSF3, IL3, IL2RA, TPO, EPO, TFRC, CD44 and IL11.
CD44 was both a core target and a positive surface marker of hUCMSCs used in this study. Compared with negative control and
solvent control group, PLT and PCT of hUCMSCs high, medium and low dose groups were significantly decreased (P < 0.05), and
PDW and MPV differences were not statistically significant. There was no significant difference in the total number of
megakaryocytes and the number of platelet-producing megakaryocytes in hUCMSCs group. Spleen length in hUCMSCs high-dose
and medium-dose groups was significantly increased (P < 0.05). PAS staining showed increased platelet storage in spleen of
hUCMSCs high-dose and medium-dose groups. The mRNA level of TPO, Mpl and KLFI in liver tissues of hUCMSCs high,
medium and low dose groups were significantly increased (P < 0.05), while the mRNA level of FLII and GATAI were not
significantly changed. Conclusion CD44" hUCMSCs may promote the spleen to phagocytize platelets, increase the storage of
platelets in the spleen, reduce PLT and PCT in the blood, and thus disturb the platelet homeostasis.
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Fig.1 Top 20 pathways related to thrombocytopenia induced by hUCMSCs
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Table 2 Core target of thrombocytopenia induced by hUCMSCs
[ ) TR e A% LA R
IL6 interleukin 6 18 &
TNFRSF11A TNF receptor superfamily member 11a 17 b
CD34 CD34 molecule 17 &
KIT KIT proto-oncogene, receptor tyrosine kinase 17 7
1L4 interleukin 4 17 &
CSF2 colony stimulating factor 2 16 =
CSF3 colony stimulating factor 3 16 b
IL3 interleukin 3 16 =
IL2RA interleukin 2 receptor subunit alpha 15 =
TPO thrombopoietin 15 &
EPO erythropoietin 14 =&
TFRC transferrin receptor 14 =
CD44 CD44 molecule 13 7
IL11 interleukin 11 13 =2
ITGB3 integrin subunit beta 3 11 5
ITGA2 integrin subunit alpha 2 8 5
MME membrane metalloendopeptidase 8 =5
IL4R interleukin 4 receptor 6 5
CSF3R colony stimulating factor 3 receptor 5 e
CD36 CD36 molecule 3 5
3 BEAKRMREMDNEEEIEHR (xxs,n=6)
Table 3 Platelet related indexes of hematology in each group of rats (x+s, n=6)
a5 7/ kg PLT/(X10°-L™) PCT PDW/fL MPV/{L
SRR — 1 145+76 0.940+0.070 9.47+0.44 8.27+0.29
T — 1 174£118 0.977+0.078 9.60+0.25 8.3240.22
hUCMSCs 1X107 704+£64"" 0.565+0.048™ 9.12+0.40 8.03+0.31
5X10° 862+64"" 0.703+0.075™ 9.33+0.59 8.15+0.43
2.5X10° 1 003+73" 0.825+0.063" 9.32+0.28 8.22+0.17
S BRAL A P<<0.05; SRR IRAL AL :"P<<0.05
"P < 0.05 vs negative control group;“P < 0.05 vs solvent control group
o % ‘~§:a o P e TR
B 5% o - ¢ .ﬁ % 3 P o p g o%,
- ® i e b * S ¢ ¢ °
S o R gty il v o o p » e
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hUCMSCs 5X 105/ kg!  hUCMSCs 2.5X 106/ kg !

Fig. 2 Morphological observation of rat bone marrow cells in each group
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Table 4 Bone marrow megakaryocytes indexes of rats in

each group (xs, n=6)

fhr AR kg ERAAE m/g@if*m
[(EREROR — 155+13 21.241.8
T T R — 158+10 20.3+1.5
hUCMSCs 1.0 X 10’ 154+14 20.3+1.2
5.0X10° 149+14 21.0+1.3
2.5X10° 146+17 20.3+1.4
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K 4.
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hUCMSCs 5.0X 106 4~-kg™! ‘ =

B R RN HR 1X107 5X 105 2.5X105
hUCMSCs/(~kg™)

LTINS HEL P AR T P<<0.05; ST BN A LA " P<<0.05
*P < 0.05 vs negative control group;“P < 0.05 vs solvent control group
3 BAKRMAENE (x+s, n=6)

Fig. 3 Observation of spleen in rats of each group (x*s, n=6)
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Fig. 4 Pathological observation of spleen in each group of rats

o KR AT AEA R TPO Mpl . KLFI mRNA 22  hUCMSCs 1] it 2> Wi I 1) 1f. % h PLT . PCT /> N %
1 (P<0.05), FLI].GATAIl mRNA B AR 2. LM ML/MRER S BRI /NAR ] A ML /N AR 7E B

GRS, U B A A AR L /ISR B0 ROR TR RE T I L /AR
4 11ig IOFFFA

AR50 %% F hUCMSCs #% 771 52 2H K BRI /Nl ML /INBR R TR RS U AT 58 % DDAR 5, B i
W BRGSO TE — B, R R R B AR B N AR A DU TS R T SR

%5 HAKXRTAEAL TPO/MplfS S8 B85 mRNA L (x5, n=6)
Table 5 Changes of mRNA related to TPO/Mpl signal pathway in liver tissue of rats in each group (;;:I:s, n=6)

fatr  F=E/Akg")  TPO/-actin Mpl/B-actin KLF1/B-actin FLII/B-actin GATAl/p-actin
[EREOR:E — 1.38+1.05 1.13+0.58 1.10+0.52 1.18+0.69 1.01£0.16
TR — 1.35+0.13 1.12+0.031 1.16+0.44 1.19+0.42 1.05+0.12
hUCMSCs  1.0X 10’ 3.86+0.58" 2.85+0.49" 2.79+0.59" 1.19+0.28 1.07+0.49
5.0X10° 3.08+0.74™ 2.22+0.44™ 2.60+0.98" 1.18+0.88 1.03+0.45
25X 10° 2.37+0.39™ 2.06+0.76™ 2.29+0.35™ 1.11+0.23 1.08+0.17

SR IR ZH H A T P<<0.05; S IR IS IR L4 . TP <<0.05

"P < 0.05 vs negative control group; “P < 0.05 vs solvent control group
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(2232 , [R] IR H0 86 36 S5 IR 7 FLIL (38309, KLF1
3k /NG AR s, FLIL AR i 2T 4B B AR Bl . GATALL 38
UK cyclin IR ISR B4 A 2257 3¢, 5 1ML
ANER A B R AT RS . A 4T 4T £ B LR
AAEHE MNP, KR iv hUCMSCs J& 5 %%
FE 4K R IE TPO Mpl KLF1 ¥ %9 _F i %,
AJ 585 hUCMSCs FALAA 1R 18 B S A 6. R
TPO/Mpl {5 58 i S . 7R BT T8k , S8 1 1L /N A (1)
FEIRJE Jik 9 U7, A FUAE AR K 2h 2518 H B f#H T
BN, DALt R W 8% 3 i A 40 B 3, 7R 3% A
SR i /N S E AR AR, GATAL TG B 3%
k. HhUCMSCs 5t IfiL/NR BT BRAS = A4 52
WGBS B a5 R IR, CD44 22 5 Il /MR
WD H UM LR TAREM 2 — . CD44 & —Fh 4l
PR T B 2 1, 0 B R I T B2 A . 3 B T R
Mo LA A7 3 B O R A A R G e 4 i
F Y Feg Z A4 81 Foy Z AR/ T L /MR B 1
G928 14 AL /N D E H A T CDA44 A a7 n
SO AR L /N ARG IR 5 AT A A CD44 & 5 4 8 P I
ZINKR ek 2 B D) FH G TR A 02 Bl 4 S W 5% )
hUCMSCs fa; « 71 5 20 JI K 52 3169 o, =6 13 ek T
RE T L /N 1D A Wit U FH 38 5, A I /N R 7E 3
73 I 1 AR . bR A, v ) R 4L 4 40
PAS %8 LA L& IR 5 A I /N KR AE B A7 i 38
BOR 53— WUIEYE . A 508 FH i hUCMSCs FBH 1
ik CD44, TN N VE S hUCMSCs S MLAR 4252 T
HANET CDA4, 72 A B AT 5 W3k 1L /MR, 51 7S 3 afi /)
B A7 36 B, I3 o PLTPCT 82D, P L T 1L/ AR
CD105 ik T N AL, & —Fh bl & 1, A2
JE ¥ CD105 ik 1) T ifi 48 Az g2 o I N 7 45
3, PLT 85 W0 , 73 Wb 2 Fh AR K R, B4 I A R
A TR I /N R 5 2R K DR T 4 4 i AR K
DR 745, e 32 1 8 25 B2 . CDI105 e [ T B ARG I
e S NSRS [ e v 1 1 =5 o R [

CD105 it % IA H A Re A ik ifn 7 28 . th4h =
PLT [ I A2 3 CD105 PH %40 i 36 58 5 74k, iX
— I 5 I P Rz 3455 PLT 0 B0 I 43 W F A K TR
F 8", FW,CDI105 & 5 PLT % V) M 5% 1 &
F1,{H CD105 JH#€ PLT Sk Z BAAfIEYS . RE LM
B W g AR, CD105 J2 5 I /N sk 2D 25 11 AH
KR MbrEMZ —, BH NN — R T#
FE hUCMSCs X /MR AR A R ELAEH -

CD44" hUCMSCs FJ g i ik fi& B8 ik 7% i 1 /)
R, 34 00 I /N KR AE B A 6 A7, A8 If K PLTPCT
WD T EL ML /NAR B S o $ o DA B fi DK
AINBR D Sl R 2 I ) N A CD44 " hUCMSCs
A B8 A7 75 I R IR R RS, A A A CD44”
hUCMSCs.
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