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Human umbilical cord mesenchymal stem cell grafting alleviates inflammatory response

in type 1 diabetic mice by suppressing M1 macrophage polarization through Chi3l1
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Abstract: Objective To explore the role of Chi3ll in human umbilical cord mesenchymal stem cell (hUC-MSCs) therapy of
type 1 diabetes. Methods hUC-MSCs with stable Chi3l1 knockdown (sh-Chi311-MSCs) were constructed using a lentiviral
vector and characterized by flow cytometry and adipogenic and osteogenic induction. In adult C57BL/6] mouse models of
streptozotocin-induced T1DM, the therapeutic effects of sh-NC-MSCs and sh-Chi3l1-MSCs grafting were evaluated by
observing changes in clinical manifestations, blood glucose, body weight and pancreatic tissue pathologies. Insulin content and
macrophage infiltration in the islets were detected using immunohistochemistry and immunofluorescence staining. The effects
of these two stem cells on induced polarization of co-cultured mouse bone marrow macrophages were assessed using flow
cytometry by detecting the mRNA expressions of iNOS, Arg-1, TNF-a, IL-6, IL-10, IL-13, and IL-1f using qPCR. Results The
constructed sh-Chi311-MSCs retained the characteristics of MSCs but showed reduced therapeutic efficacy in TIDM mice.
Immunofluorescence staining showed that the number of macrophages in the pancreatic tissue of the mice treated with sh-
Chi3l1-MSCs was higher than that in MSCs treatment group. In the co-culture experiments, sh-Chi3l1-MSCs exhibited a
lowered capacity to suppress M1 polarization of the macrophages and a reduced efficacy to promote differentiation of M2-type
macrophage subset. Analysis with qPCR showed that the expressions of M1 macrophage marker iNOS and the inflammatory
factors TNF-a, IL-6, and IL-1p increased, while the expressions of M2 macrophage marker Arg-1 and the cytokines IL-13 and
IL-10 were decreased significantly in sh-Chi311-MSCs group. Conclusion In TIDM mouse models, hUC-MSCs mitigate
inflammatory responses by suppressing the production of pro-inflammatory M1-type macrophages via Chi3I1.
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Tab.1 Primer sequences for qPCR

Primer Sequence (5'—3")
GAPDH Forword: ACACTCCAGCTGGGGCTGTACTGACTTGATG
Reverse: CTCAACTGGTGTCGTGGAGTCG
GCAATTCAGTTGAGCATCAGAT
Chi3ll Forword: AAGCAACGATCACATCGACAC
Reverse: TCAGGTTGGGGTTCCTGTTCT
iNOS Forword: CCAACAATACAAGATGACCCT
Reverse: TTCTGGAACATTCTGTGCTG
Arg-1 Forword: GAACTGAAAGGAAAGTTCCCA
Reverse: AATGTACACGATGTCTTTGGC
TNF-a Forword: GGCAGGTCTACTTTFFAGTCATTGC
Reverse: ACATTCGAGGCTCCAGTGAATTCGG
IL-6 Forword: TACCACTTCACAAGTCGGA
Reverse: AATTGCCATTGCACAACTC
IL-10 Forword: TTAATAAGCTCCAAGACCAAGG
Reverse: CATCATGTATGCTTCTATGCAG
IL-13 Forword: TCCCTCAAGTTCTTTGTTCG
Reverse: CGCACCTTTCTGGTTACAC
IL-1B Forword: CCTCAAAGGAAAGAATCTATACCTG

Reverse:

CTTGGGATCCACACTCTCC

CD45, PE-CD105, APC-F4/80. PE-CD16/32, FITC-
CD206) , 25 IR FHEIHE R 20 min, 1 xPBS 28 M e 2 i
20, SR ARSI

W H 4541 MSCs, Trizol ILHEHUMSCs £1 /) mRNA,
VA sh-Chi311-RNA fRACRE R H 2 wg i it i i 5
A cDNA, qPCR KNI R 3235 &, N iR 228 cDNA
1 pL,PCR I FUi#5147(10 wmol/L) 1 pL,qPCR Master
Mix 10 wL F1JC RNA fifi /K 8 L ; K2 W 5514 h 95 °C
10 min, (95 °C 155,60 °C 1min)40ME¥., GAPDH N
WS SR 272 /R FF 3L I mRNA 87K -
[ B ] S R Y MSCs A 100 wL 2B 24 0RT 1 L
B AR TR AT, UK EAR5 2% 30 min W
W, 100 C/K AP 5 min, BCA € & TARRINE
FE AR B, [RIE £5 10% 73 B3 S FN 5% BEAR I , K- F2HL
()RR 10 A AR HE SO AL, Bk, 3744 2] PVDF
b, A Wk S iR B A 1 h, BRI 3 RE I E —t
Chi311(1:1000) & GDPDH(1:1000) 7% , P& 3 K5
A =S EPU % 1gG(1:5000) ZEIRMEF 1 h, %3 0n
il ECL &t W A 7 i 52 A&
1.3.2 TIDM /) RAER H] &F MSCs %77 M C5TBL/
6§ /N6 JEDE R TEMESE 5 dJFBEHL N N 2 4H - 1E T I
H(n=10)FTIDMZ (n=30). HAIFT8~10 hff/NEE
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%1200 WL STZ(50 mg/kg) FrAGe R 4 2% whil , it i 21 55

HUE 5T 200 wWL BRI AN ZE /P, 1 1/d, 3% S5
5do 12~14 didad 2 i K I BEA LU , g7 X2 (A
>16.7 mmol/L R EBLALL ™ ™ 2 B /N R
BEHLA> A 3 40 : TIDM AR Z]  sh-NC-MSCs JA77 2l
sh-Chi311-MSCs{8¥72H , 10 H/4H . A3 4H)a 5 1 KA
15K, sh-NC-MSCs 147 41 Fl sh-Chi311-MSCs G 7 41
43 5 vy B 5 bk 13 5 AH W sh-NC-MSCs #11 sh-Chi311-
MSCs4ilfifl, 510"/ H , TIDM B I 41 1 5 PBS 2% irifk 5
] D0 /0 BRI AL AR R AR B i, SIEEG T e Sk S
Y5 42 K, 22 SRk (A AR AR ST A /N ER,
B I i FH o ARG T
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A AR SRR ARV A 2R L 4%
20 min, JC/K ZBETITH4% 5 min, FRR Y 75% AT TP
5 min, 7K 13 /5 #4798 R R Y5, 3~5 min, 705
b, IR W BGER W BT Y rh Y S min, Y1 AR
FEATEAKCEETLIL I = H 28 T 4% 5 min, PR
ekt o i T AR e S ZH U
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e s O A #1458 min, A LRGN 5%
BSA B ,37 ‘CHEE 30 min, T4 INECLFEE S Z ik
(1:500),4 Cid i, BUEJE 37 ‘CREIE 30 min, ik 3 K
JETH NS A HRP Hifk 1gG 30 min J5 V% 3 1, 2H AL
Wi IN DAB (A, KGR JS TIN5 AR 28 52 L 4%
R TROR M, PR RS A, S Sl B4 R A
1.3.5 KA %95 % oA ml AR 20 22 ¥ B w4 2m L (F4/80)
#F EARH LY A KR, 4 BN 200 wL 0.25%
Triton X-100, 15 E 15 min S T40ERE IR, PBS 13
WM INE A EZ W, EHIFE 15 minJ5 PBS YE31IK,
TN L2 355 5t ARG A T P T IR B (1:200) 5 —
Pr(F4/80 ) 2) 4 "Ci . B S 37 "CE 30 min,
PBS ¥t 5 minx 3 ¥, i/ DyLight 488 95 EArC 4t
##(1:2000),37 ‘CI¥E 45 min,PBS ¥t 5 minx3 ¥, i/
DAPLY ORI T Y B R 5 AR 5O AR W
ZLHIR
1.3.6 A& RR 6 B saieif 5ot BRI B
HRRE R ES MO HGE IR R i e Bk
HUNGUEBEANND , 22421 5 PBS TS UE 2 , 1 1640 58453557
LR JEFh 2 6FLH, 6% 10°4L, &% GM-CSF(100 ng/mL)
REFRHEEREFR 10 d, 2 AR T i Al B R

MSCs [ 1f175 5 L RELH MR b AT 40 R - M1
U 105 240 20 5 5 3% 97 55 % LPS (100 ng/mL) il
IFN-vy(30 ng/mL) %) 1640 5¢ 455 5 5L, M2 B W 4l g
PR IL-4(20 ng/mL) 14 1640 58 15 53, H:
H1 sh-NC-MSCs 41 /il A 200 wL #¢ 45 (1Y) sh-NC-MSCs 4
13535 3% ,sh-Chi311-MSCs ZH /il A 200 wL ¥4 1 sh-
Chi311-MSCs 4H a5 % L3 , 155 X REAL I AR 4
TS FRRE ARSI 37155 5 48 h, WCAE I FH T3 =CAG I A1
FEBURAY RNA FHFHEDIAG
1.3.7 S20F 32L& % PCR HAM E o4 20 A7 & 5 F A=
K E B F mRNA £ 5 FREUE DR Y 5 RNA, I
i 54 cDNA, 5% 1 qPCR v 46 I i s 48 Jif s ik 43
iNOS ., Arg-1 F1 & JiE Kl 7 TNF-a . IL-6  IL-10  IL-13 ,
IL-18 JestK FRIR (B 1.3.1), 5IMFFIILE L.
1.4 St F o

K H GraphPad Prism 7.00 3422 il bR S Geit27
53HT , Image J X 2R (AR BE BRI A siE 5Otk T ik o)
M, PZEL ] HU SR e 46256, Z2 21 18] HU SR T O 250007
DL P<0.05 h2Es BAS R L.

2 R
2.1 & Chi3ll #9 MSCs %%

K57 1) sh-NC-MSCs #il sh-Chi311-MSCs JE &) &
Ui KR EEE B BERIRAE K (BT 1A D) s iiE S
MG SMLT O Y tay, T WK R 4 A T A iR
SR FE (K B.E) a7 b @ =2 s Y a, vl

W2 3 B @ 1 2T 7= AR (B 1CF) s TR Al i ARG
2R gAY, 45 53R I, 5597 1 Chi3ll A fILf5 MSCs %%
[ bR PSR 2 CD73°/CD90°/CD105°/CD14/CD34 /
CD45 (E1G) , %5 45 BATR AT A E Brgi B iG 7 Ur 2=
(ISCT) 4 H /) MSCs bR s 14 e hrife ol FHSEF 9
S PCR AN Chi3ll A9 mRNA KX ik, R
F 2 B ASIN Chi311 2 /KA1, % #H sh-Chi3l1-
MSCs fifi 4 Chi311 A mRNA F3k 7K L 2 K E 8
sh-NC-MSCs [#{K(P<0.01, & 1H.I).
2.2 Chi3ll 34k %% MSCs 74 57 TIDM /) 8,89 97 3

T1DM /) FUR 8142 5% sh-NC-MSCs 1477 1 J& ) i
BB PRI AL BT EAR 6T 2 )8 S A AE B .22 55
(P<0.05,[812A) ;16975 48, sh-NC-MSCs JAI 7 2H IfiUkE
A TIDM ZLR#K (P<0.001, & 2A) , 3843/ BLUALEE B K
%16.7 mmol/L LA R, i sh-Chi311-MSCs FIGT PR R4
sh-NC-MSCs 41730748 2= , MM i , (AR 0T 14 212
A A PR MSCs ) TIDM /R, 1R BB % T1DM
ZH B BN (P<0.05, ] 2B) ; HEG A4 L /R, TIDM
RERIZH /N ERUBRBREH 2R XERR B S S, 24K
TR BITHR , T sh-NC-MSCs 21 Jifé g 2 28 v ik 19 T A5 %
T1DM 21 B % & 3% , sh-Chi311-MSCs 20 i & & A5 %%
T1DM ZH B3 , {EATS ] UL PR A 4 ik £ | o036 A P AN G sh-
NC-MSCs41(E12C)., fyEdlfba5 k&M, 5 TIDM4]
AH L, sh-NC-MSCs 41 Jif £ 2 73 W6 B & Ft & , 1] sh-
Chi311-MSCs 21 i & F 43 WA 55 sh-NC-MSCs 41 Jif &% 2
43/ (E12D) .
2.3 Chi3ll %A% 5 hUC-MSCs 84z TIDM /s R ik
=R ) kS

FHF4/80 X% B W20 MIbRIC , 380 32 ey 2 AR 2 20
TENC 4/ BB AR AL 20 rp 5 /0 0 1 I 40 i (21
), e Stk FLIE S 2 (a0 fr i 6, i TIDM 41/
SRR R 2H 2 PN I s 4 o 4t 2 NC 21 B 38 348 (<
0.001, [ 3A.C), [FIR i & P e 5 25 (St €) B k2>
(P<0.01, % 3A B), 1Ml MSCs #477A77 )5 , MR AL
SN [ 2 RS A T 1 DM 2l Ji 5% P g ) X A5 5]
FAFR PR, O 2R/ RIS e HA AR,
{HFAE Chi311 ZEPH 5 , MSCs VAT R0 W SRR A, v
AR5 sh-NC-MSCs 2112 (P<0.05, K 3A..C) , Ji%
B2 sh-NC-MSCs ZHId/ 1 (P<0.05, K 3A B) .
2.4 Chi3l1 A~5FhUC-MSCs 4z E » m lL AR AL

SIERESAM I, sh-NC-MSCs 555 FiE T T
M1 AR L9 R & (P<0.01, [E14A) , i sh-Chi311-
MSC 20 M1 2 = W 48 Jfd [E 9] = T sh-NC-MSCs 41
(Bl 4A,P<0.05). 1F# 175540 M2 Y 5 g4 o be 491 5
fik, sh-NC-MSCs#55% B3 T F M2 2 5 g4 i L 41
B 42 75 (P<0.05, €1 4B) , 1fif sh-Chi311-MSCs 21 M2 74
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Fig.1 Identification of MSCs with stable Chi3l1 knockdown. A: Morphology of sh-NC-MSCs. B: Oil Red O
staining of sh-NC-MSCs after adipogenic induction. C: Alizarin Red S staining of sh-NC-MSCs after osteogenic
induction. D: Morphology of sh-Chi3l1-MSCs. E: Oil Red O staining of sh-Chi3l1-MSCs after adipogenic
induction. F: Alizarin Red S staining of sh-Chi311-MSCs after osteogenic induction. G: Detection of surface
markers on sh-Chi311-MSCs by flow cytometry. H: Chi311 mRNA expression level in sh-Chi311-MSCs. I: Protein
level of Chi3l1 in sh-Chi311-MSCs detected by Western blotting. **P<0.01 vs sh-NC-MSCs.

L W5 40 i, EL 45 EE T sh-NC-MSCs 2H (P<0.05, [8] 4B) .
qPCREE L, sh-NC-MSCs 41 A9 M1 1 5 2R it br s
53 INOS ) mRNA AL T sh-Chi311-MSCs ZH I 1E
i 341 (P<0.05, K1 4C) , 1M sh-NC-MSCs 21 £ ik 1Y
M2 Y 540 i 3§ Arg-1 14 2635 I 55 T sh-Chi3l1-
MSC 4 ANE #1541 (P<0.05, K 4E) . M1 FIM2 I
IV 240 2 TR S A PR PG I 45 SRR, 76 ML I

M1 SR R T, sh-NC-MSCs £ %35 i1 TNF-o, IL-6 1
IL-1B i T 1E % 15 S 28 (P<0.05, [8] 4D) , fij sh-Chi311-
MSCs 21 IR K ¥ K3k 5 T sh-NC-MSCs 41 (& 4D,
P<0.05) ; 7£ M2 E WA i/ SR & T, sh-NC-MSCs 41
FIRMIL-13 FIL-10 /& T 1IE %5 S41(P<0.01, K] 4F)
F1sh-Chi311-MSCsH (P<0.05, K 4F) .
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Fig.2 Chi3ll knockdown attenuates therapeutic efficacy of MSCs in TIDM mice. A: Blood glucose levels of the mice in each
group over the course of treatment. B: Body weight changes of the mice in each group (*P<0.05, **P<0.01, ***P<0.001 vs
T1DM group; ‘P<0.05, “P<0.01 vs sh-NC-MSCs group). C: Pancreatic pathological changes in each group (HE staining,
original magnification: x100). D: Insulin content in the pancreas of the mice in each group detected by immunohistochemical

staining (x100).
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Fig.3 Changes in insulin content and macrophage infiltration in pancreatic tissues of mice. A: Insulin content (green)

and macrophage infiltration (red) in pancreatic tissues of mice from each group detected by immunofluorescence

staining (x200). B. Statistical analysis of insulin content within individual islets of mice in each group. C: Quantitative

analysis of the mean immunofluorescence intensity of macrophages in pancreatic tissues across the groups. **P<0.01,
#*%P<0.001 vs NC group; "P<0.05, “*P<0.001 vs TIDM group; * P<0.05 vs sh-NC-MSCs group.
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Fig.4 Chi3ll influences hUC-MSCs-mediated regulation of macrophage polarization. A: Frequency of M1-

type macrophages analyzed using flow cytometry. B: Frequency of M2-type macrophages analyzed using
flow cytometry. C: Expression of iNOS mRNA detected with qPCR. D: Expressions of mRNAs for
inflammatory cytokines detected by qPCR. E: Expression of Arg-1 mRNA detected with qPCR. F:
Expressions of mRNAs for anti-inflammatory cytokines detected by qPCR. *P<0.05, **P<0.01 vs Mg group;

*P<0.05 vs sh-NC-MSCs group.
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