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Optimal Effects of Heat-Inactivated Complement Serum on Mesenchymal

Stem Cell and Immune Cell Cultures
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Abstract This study was aimed to evaluate the effect of heat-inactivated fetal bovine serum on cell cul-
ture. Umbilical cord derived mesenchymal stem cells and human peripheral mononuclear cells were cultured in
the medium with uninactivated and heat-inactivated serum in 56 °C for 30 min. There were significant differences
between uninactivated and heat-inactivated serum in regard to the rate of proliferation of mesenchymal stem cell,
levels of immunoregulatory proteins and rate of proliferation of T cells. The results showed that there was no differ-
ence in the morphology of human umbilical cord-derived mesenchymal stem cells cultured with heat-treated or un-

treated serum, but the proliferation rate and expression levels of immune regulatory proteins IDO and COX-2 were
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increased by cultured with heat-inactivated serum. In addition, heat-inactivated serum could significantly increase

the proliferation rate of T cells. Additionally, complement C3a, which reflected the activity of complement system,

was downregulated after heat inactivation. However, the proliferation of hUCMSCs cultured in medium contained

uninactivated serum was also increased through inhibiting the activity of complement using compstatin. Besides

that, compstatin treatment also upregulated the IDO and COX-2 expression levels cultured in uninactivated serum

contained medium. In conclusion, heat-inactivated serum at 56 °C for 30 min could enhance the immune regulation

ability of stem cells and increase the proliferation rate of T cells. Therefore, heat-inactivated serum was recom-

mended in scientific research experiments.
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Fig.1 Comparision of cellular morphology of mesenchymal stem cells cultured with uninactivated or heat-inactivated serum
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Fig.2 Effects of heat-inactivated serum on proliferation of mesenchymal stem cells
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A: determine the expression level of /DO in MSCs treated by uninactivated and heat-inactivated serum by Real time PCR. B-D: comparison of the IDO
and COX-2 expression levels of MSCs cultured with uninactivated and heat-inactivated serum by Western blot.
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Fig.3 Expression levels of immune regulation proteins COX-2 and IDO in mesenchymal stem cells

cultured with uninactivated or heat-inactivated serum contained medium
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A: flow cytometry was used to analyze the proliferation of T lymphocytes in peripheral blood, and the target cells were selected by using the gate meth-

od. B: negative control of T lymphocytes proliferation. C,D: comparison of T lymphocytes proliferation treated by uninactivated and inactivated serum.
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Fig.4 Comparision of proliferation of T lymphocytes cultured by uninactivated or heat-inactivated serum contained medium
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A: content of BSA in the uninactivated and heat-inactivated serum. B: content of complement C3 in the uninactivated and heat-inactivated serum. C:

content of activated complement C3a in the uninactivated and heat-inactivated serum.
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Fig.5 Quantative analysis of BSA, C3 and C3a in uninactivated and heat-inactivated serum

FEIE N INIBS A RE % B Wi 4 ey A Ik T 40 i 7 14 5 v
PRSI T FRORT L B8 6% B 0 4 e 40 A 1 14 B 2
B ABRAT TR 1 FA K  J5 IS N IBSA S & 38
P R, BORIE TS IS FBSAM & & A KA
ZAL(EI5A).

AME R G2 MG N EEL 2y, N TR A A
ST I TS AR LI R 4 1 5 % G VR4 1)
REFIAN ], ARSI 1 K IE 1 5 107 o e A 2
. ESBER, #CKIEATE, M AMAC3E B3
AU . AMAEC3ase AMAC3 I J5 I B 27T .
N, FATME TR G R I T B S LI Rk
HC3alfy &, Hdl BoR, #OKIE S Mg HC3a
B D (E5C) . Ix e g5 L B HOK I LTS 2 B
ICAMA FR GE TG 1, H 2 AN 23 228 S B 3 A b
[INISR =
2.6 C33EMHIFIFcompstatinXt ZHAEIETE N T %
R il ofA

compstatins& — MM, compstatinFE
455 C3, PHWrC3%: gt F /K i DI 1B B C3alt il
T2, AT SEELAM I CITE 1 IR, B LAFRATIAERUC-
MSCs 1) 3 7% tfoin A C3 3% £ #01f1l 7l compstatin, Jf:
o DU £ i P 38 5 AR AL ke I 6 ATT R, FCK
L3715 77 1 240 Mo 39 5 3o 28 38 35 o T R BT LI
Ho HERAKEMIEHAE L T eompstatin /5, 41 1
FHIE R ER1F 2R E T (El6A). FRATEFEAI T

compstatin xfhUCMSCs [ 50 2 1l Dy e i 52 i . 45
REIR, 5 AR MKIE IM3E HAH EL AL, compstatin [H] F
23 ER T IDOMCOX-27K T ixX a2 B B 41
I35 HAMAC3 B0, R . 2 1 v 240 P 3 B e R
ezl fe

3 iTig

2 375 Eh T e PR i, A
TR 4 T 7 0K 22 B T IR IR A, B4 BN AR
PR 2 B RN S 70090, T LURIF 9 IL37% i b 3
AR AT AN BT 5 ) Bl

15 75 5% -4 R T B 22 A 2L 25 e, g
ey BB, HRE—RAHZ MR
FYNM, 75 SRR b B A LT B 2 Fh 4L 41K
TGN, 1 LT AN, Py A 1k 4 DA
T BB BEAR 010, B T A Ak B R T R 4
P ob, 1) 78B40 LA 2R S s R RS, FE
YL 24505 o P2 o, TR 7 R 0 T LA 3 3 3l % ol
S 42 R - BT 42 1) 65 40 . 9 v T M4 B, 4k
A L2 S, IR AL UE . 3K I I3 4 3
s 61 76 R - 40 M 61 T 25 04 R, L R 5 . 25 4
T 1 57 400 L 14 B S D e S T 2 1 T3
TKF, S8R A 7 5 40 B 1 e R B . DL B4
S, B I3 5 R 40 v A B 4
R B PR R AL o



Tl g A PR AT P AR LS o 8 78 5 T 440 A S B A 55 57 LA R 2125

(A) P=0.0002
P<0.000 1
3 = I
o
2 P
&
1
0

Uninactivated Inactivated Uninactivated
serum serum serum-+compstatin

(B)
Mock TNF-HFN-y

S
Do g &N . e - -

B-Tublin —— — — — —
=) = = =) E E
2 2 2 2 2 2
o o O O o 0=
12} wv U)»s 172} wv U)s
il il 9ol I =) s
|51 5] 2y O 5] SR
2 2 2 2 2 2
< < E="RR] < < o
zZ 2z Z& 2 2z =2Eg
= = =55 B = =5
Q Q 08 Q9 Q Q3
< < s = < sF
g & E g & £
=) =] = =
=) =) =) =)

A: compstatinZb )5, il ] CCK-84G: 8] 76 5T T-41 i F 3 54510 . B: compstatin b3 X (] 78 J57 120 il 6 7% 1 9% 25 COX-2 FIIDO I Rk 520
A: proliferation of htUCMSCs after compstatin administration. B: expression levels of COX-2 and IDO in hUCMSCs treated by compstatin.
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Fig.6 Effects of serum treated with complement inhibitors on the proliferation and immuno-regulation of mesenchymal stem cells
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