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the disease development in rats with collagen-induced arthritis
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Abstract
Objective

Human amnion mesenchymal cells (hAMCs), isolated from the amniotic membrane of human placenta, are a unique 
population of mesenchymal stem cells (MSCs). Recent studies indicated that hAMCs had immunosuppressive functions and 
might be used in treatment of some autoimmune diseases. The aim of this study is to explore the feasibility of using hAMCs 

for treatment rats with collagen-induced arthritis (CIA), a classic animal model for human rheumatoid arthritis. 

Methods
SD rats were immunised with type II collagen and Freund’s incomplete adjuvant. hAMCs were injected intraperitoneal 

when arthritis had become established. The arthritis was evaluated macroscopically and microscopically. Serum levels of 
IFN-γ, TNF-α, SOD, MDA, GSH-Px and T-AOC were detected by commercially assay kits. CD4+/CD8+ T-cell ratio in 

peripheral blood was examined by flow cytometry. Proliferation of splenocytes was evaluated using MTT assay.

Results
The results demonstrated that application of hAMCs significantly ameliorated severity of arthritis and decreased the 

histopathological changes in CIA rats. Consistently, production of proinflammatory cytokines such as IFN-γ and TNF-α 
was dramatically inhibited. Moreover, hAMCs exerted anti-oxidative capacity by significantly raising the levels of SOD, 
GSH-Px, T-AOC and lowering the level of MDA. In addition, hAMCs also remarkably restored CD4+/CD8+ T-cell ratio 

and induced hyporesponsiveness of T lymphocytes by inhibiting their active proliferation. Finally, hAMCs had no obvious 
side effect on CIA rats.

Conclusion
In conclusion, our results indicated that hAMCs could attenuate the disease development in rats with CIA, which might be 

a promising cell source for therapy of rheumatoid arthritis.
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Introduction
Rheumatoid arthritis (RA) is a chronic, 
systemic, immune-mediated inflamma-
tory disease, characterised by chronic 
inflammation and synovial hyperplasia 
leading to cartilage and bone destruc-
tion (1). Apart from many key free radi-
cals and inflammatory cytokines, some 
immune cells such as activated T cell 
and macrophages have been proved to 
participate in the pathogenesis of RA 
(2-4). Until now, although some new 
biological agents such as TNF-α in-
hibitors and IL-1 antagonists emerged, 
there are still no cures for RA. Novel 
approaches for treatment of RA are still 
urgently needed.
Mesenchymal stem cells (MSCs) are 
multipotent progenitor cells that can be 
isolated from many different tissues, 
including bone marrow, adipose tis-
sue, and umbilical cord etc (5). Besides 
their differentiation potential, MSCs 
have also been shown to exert immu-
nosuppressive effects. Therefore, some 
MSCs have been used in the treatment 
of graft-versus-host disease and auto-
immune diseases such as insulin-de-
pendent diabetes mellitus and RA (6-8). 
At present, the most common source of 
MSCs is bone marrow. However, there 
are some limitations of using bone mar-
row-derived MSCs in clinic, such as 
the difficulty of obtaining sufficient cell 
numbers and the decline of differentiat-
ing potential with age (9).
Human amnion mesenchymal cells 
(hAMCs) are isolated from the amni-
otic membrane of human placenta. Be-
cause they are easily obtained and rela-
tively exempt from ethical problem, 
hAMCs therefore become a new ideal 
MSCs resource for clinical application 
(10). Recent studies have indicated that 
hAMCs also had immunosuppressive 
functions, such as blocking matura-
tion of monocytes into dendritic cells 
(DCs), inhibiting macrophage migra-
tion and natural killer (NK) cell-me-
diated lytic activity (11, 12). These 
results indicate that hAMCs may have 
potential clinical use in treatment of 
some autoimmune diseases. Until now, 
application of hAMCs in the treatment 
of multiple sclerosis, spinal cord injury 
and liver fibrosis have been success-
fully done with significantly immuno-

suppressive effects (13-15). However, 
utilisation of hAMCs for the treat-
ment of experimental arthritis has still 
not been explored. Collagen induced 
arthritis (CIA) in rats is a classical 
animal model for the investigation of 
RA in humans, and some studies have 
successfully used this animal model 
to evaluate efficacy of drugs (16, 17). 
Therefore, in the present study, we in-
vestigate the effect of hAMCs in the 
treatment of rats with CIA.

Materials and methods
Isolation of hAMCs
Placentas were obtained at elective ce-
sarean section with informed consent. 
hAMCs were isolated from abandoned 
human placentas according to our pre-
viously described with some modifica-
tions (10). In brief, amnion layer was 
mechanically peeled off from chorion 
layer and washed several times with 
Hanks’ balanced salt solution (HBSS) 
without calcium and magnesium to re-
move blood as completely as possible. 
Then, the amnion was digested with 
0.25% trypsin (Gibco BRL, Gaithers-
burg, MD, USA) at 37°C for 30 min. 
Further, the amnion was cut into pieces 
of 1 cm2 and digested with 0.1% col-
lagenase V (Sigma-Aldrich, St. Louis, 
MO, USA; dissolved in DMEM/F12) 
at 37°C for additional 30 min followed 
with centrifugation (1500 rpm, 10 min) 
and thorough washing with phosphate 
buffer saline (PBS). Finally, separated 
hAMCs were cultured in DMEM/F12 
supplemented with 10% fetal bovine 
serum (Gibco BRL, Gaithersburg, MD, 
USA). hAMCs of no more than 3 pas-
sages were used for experiments. In ad-
dition, all the correlated ethical issues 
concerning this study were approved 
by corresponding institutional review 
board (IRB number: CJFH001035).

Rats
Male Sprague-Dawley (SD) rats, with 
a weight of 180±10g, were purchased 
from the Institute of Experimental 
Animals in Chinese Academy of Medi-
cal Science (The Rodent License No. 
SYXK 11-00-0039). The rats were 
housed under standard laboratory con-
ditions, and food and tap water were 
provided ad libitum. All procedures 
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using rats were approved by the Ethi-
cal Animal Care and Use Committee, 
China Academy of Chinese Medical 
Sciences.

Induction and assessment of CIA 
The induction and assessment of CIA 
were performed as previously de-
scribed (18, 19). Briefly, male SD rats 
were intradermally injected at the base 
of tail with 100μg bovine type II col-
lagen (Sigma-Aldrich, St. Louis, MO, 
USA) in 0.05M acetic acid emulsified 
with equal incomplete Freund’s adju-
vant. Seven days after the primary im-
munisation, the rats were boosted with 
the same preparation in the same way. 
Starting from 3 days after the boost im-
munisation, the degree of arthritis was 
examined every 2 days. The severity 
of arthritis was expressed as mean ar-
thritic index on a 0-4 scale according 
to the following criteria: 0 = no oedema 
or swelling, 1 = swelling and erythema 
of the digit, 2 = slight oedema and ery-
thema limited to the foot and /or ankle, 
3 = slight oedema and erythema from 
the ankle to the tarsal bone, 4 = severe 
oedema and erythema from the ankle to 
the entire leg. Each posterior limb was 
graded and thus the maximum possible 
score was 8 for each animal. A rat with 
a score of 1 or more than 1 was regard-
ed as arthritic.

Administration of hAMCs
The experimental groups were as fol-
lows: (1) normal control (n=6); (2) 
CIA model control (n=6); (3) CIA rats 
with hAMCs treatment (n=6). Rats in 
hAMCs group were intraperitoneal in-
jected with 500μl of cell suspension 
containing 5×106 hAMCs 15 days after 
the primary immunisation when arthritis 
had become established (arthritis score 
≥1). As a control, rats in normal group 
and model group were treated with the 
same volume of saline, injected intra-
peritoneally. Animals were sacrificed 
at 21 days after treatment; spleen, liver, 
kidney, limbs, peripheral blood mono-
nuclear cells (PBMCs) and serum were 
separated for further studies.

Cytokine assay
Concentrations of IFN-γ and TNF-α 
in serum were tested using rat IFN-γ 

and TNF-α ELISA kit (eBioscience, 
San Diego, CA, USA) according to the 
manufacturer’s instructions.

Detection of SOD, MDA, GSH-Px 
levels and T-AOC in serum
Levels of super oxide dismutase 
(SOD), malondialdehyde (MDA), glu-
tathione peroxidase (GSH-Px) and total 
antioxidant capacity (T-AOC) in serum 
were determined using commercially 
available assay kits (Nanjing Jiancheng 
Bioengineering Institute, China) and 
were performed according to the manu-
facturer’s recommendations.

Histologic analysis
Formalin-fixed limbs were decalcified 
and paraffin-embedded using standard 
histologic techniques. Serial 4μm sec-
tions were cut and stained with haema-
toxylin and eosin to examine morpho-
logic features.

Flow cytometric analysis
PBMCs were isolated by Ficoll (Sig-
ma-Aldrich, St. Louis, MO, USA) and 
washed twice with PBS. Subsequently, 
these cells (about 1 × 106) were labelled 
with FITC-CD3 and PE/CY5-CD4 or 
FITC-CD3 and PE-CD8 antibodies 
(Biolegend, San Diego, CA, USA) for 
30 min at 4°C. The stained cells were 
washed and collected using flow cy-
tometry (Becton Dickinson, San Jose, 
CA, USA) and were analysed using the 
CellQuest software package (BD Bio-
sciences, San Jose, CA, USA).

Proliferation assay
The spleen was removed and flushed 
with PBS. Splenocytes were isolated 
by pressing the spleen between the two 
frosted slides and passed through 48 
μm nylonmesh. Then, the cells were 
centrifuged once at 260 × g for 5 min 
and red blood cells were removed by 

Fig. 1. Effect of hAMCs on arthritic severity of CIA rats. 
A: The arthritic scores on different days after immunisation with bovine type II collagen. 
B: Morphological and histopathological features of representative ankle joints from different group. 
H&E stain (×40). 

A

B
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2 ml lysate with 0.84% ammonium 
chloride. T lymphocytes of splenocytes 
were isolated from the model control 
rats and hAMCs-treated CIA rats by 
negative selection (Miltenyi Biotec, 
Germany). Cells were plated in a 96-
well plate, stimulated with 100μg/
ml bovine type II collagen, 10μg/ml 
ConA, or PBS for 68h. Then, MTT 
solution (5mg/ml) was added to wells 
(15μl/well) and incubated at 37°C for 
4 additional hours. The reaction was 
stopped by the addition of 100 μl of 
lysis buffer (10% SDS) to dissolve 
the tetrazolium crystals. The plate was 
examined in a Multiskan Microplate 
Reader (Thermo Labsystems, Finland).

Statistical analysis
All data were analysed using the SPSS 
18.0 statistical package. The data were 
expressed as mean ± standard devia-
tion (S.D.), and significant differences 
were assessed using variance test and 
Student’s t-test. p<0.05 was considered 
significant.

Results
hAMCs decrease arthritic severity 
of CIA rats 
Animals showed clinical signs of dis-
ease starting from nearly 15 days af-
ter immunisation, which was consist-
ent with literature reports. Compared 
with model group, hAMCs treatment 
could progressively attenuate arthritic 
severity of CIA rats (Fig. 1a). Further, 
we verified the therapeutic effects of 
hAMCs on CIA rats by histological ex-
amination at the endpoint of study. As 
shown in Figure 1b, compared with the 
normal mice, CIA model mice exhib-
ited severe inflammatory cell infiltra-
tion, synovitis, pannus formation, bone 
and cartilage destruction, whereas 
these pathological changes had been 
alleviated in rats treated with hAMCs.

hAMCs inhibit inflammatory 
cytokine production
To further observe immunosuppressive 
effect of hAMCs on CIA rats, we de-
tected the serum concentrations of in-
flammatory cytokines such as TNF-α 
and IFN-γ, which were regarded as key 
factors in RA pathological progress. As 
a result, we found that hAMCs treat-

ment could significantly down-regu-
late expression of TNF-α and IFN-γ 
(p<0.05) (Fig. 2).

hAMCs have anti-oxidative 
capacity in CIA rats
Previous evidence suggests that oxi-
dant stress plays a very important role 
in the pathogenesis of RA. To investi-
gate whether hAMCs possessed anti-
oxidative capacities, we examined the 
serum levels of SOD, MDA, GSH-Px 
and T-AOC. As shown in Figure 3, the 

levels of SOD, GSH-Px and T-AOC 
were significantly decreased in CIA 
rats when compared with the normal 
rats, but the MDA level was greatly 
increased (p<0.05). hAMCs treatment 
significantly raised the levels of SOD, 
GSH-Px and T-AOC, at the same time, 
lowered the level of MDA (p<0.05 or 
p<0.01).

hAMCs restore CD4+/CD8+ 
T-cell ratio in CIA rats
Studies have proved that CD4+/CD8+ 

Fig. 2. Effect of hAMCs on TNF-α and IFN-γ production in serum of CIA rats. 
The results are shown as the mean±S.D. (n=6). *p<0.05, **p<0.01, vs. normal group; #p<0.05, vs. model 
group. 

Fig. 3. Effect of hAMCs on SOD, MDA, GSH-Px levels and T-AOC in serum of CIA rats.
The results are shown as the mean±S.D. (n=6). *p<0.05, vs. normal group; #p<0.05, ##p<0.01, vs. model 
group.

Fig. 4. Effect of hAMCs on 
CD4+/CD8+ T-cell ratio in CIA 
rats.
The results are shown as the 
mean ± SD (n=6). 
**p<0.01, vs. normal group; 
##p<0.01, vs. model group.
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T-cell ratio was abnormally increased 
in RA patients. To detect the effect of 
hAMCs on CD4+/CD8+ T-cell ratio, we 
checked the percentage of CD4+ and 
CD8+ T lymphocytes by flow cytom-
etry. Figure 4 showed that there was 
higher CD4+/CD8+ T-cell ratio in the 
peripheral blood of the CIA rats relative 
to the normal controls, which was in 
agreement with other groups’ studies. 
hAMCs treatment could significantly 
restore the CD4+/CD8+ T-cell ratio in 
CIA rats. 

hAMCs induce hyporesponsiveness 
of T lymphocytes
T lymphocytes from rats that were not 
treated with hAMCs actively proliferat-
ed when stimulated with ConA (p<0.01 
versus medium) and CII (p<0.01 ver-
sus medium). T lymphocytes from rats 
treated with hAMCs also showed basal 
in vitro proliferation, ConA-induced 
proliferation, and CII-recalled prolif-
eration. However, all of which were 
significantly reduced compared with 
proliferation of T lymphocytes from 
rats that did not receive hAMCs and 
were cultured under the same condi-
tions (p<0.01) (Fig. 5).

hAMCs have no obvious side effect 
on CIA rats
To investigate whether hAMCs appli-
cation having side effect on CIA mice, 
we observed the changes of the body 
weight, the organ index and the tis-
sue pathology in hAMCs treated rats. 
We found that compared to the normal 
animals, CIA rats had lowered body 
weight. However, this symptom was 
alleviated in hAMCs treated CIA rats. 
We then compared the organ index 
in normal rats, CIA rats and hAMCs 
treated CIA rats, and found that there 
were no significantly difference in he-
patic index, splenic index and renal in-
dex in rats of these three groups (data 
not shown). Furthermore, histologic 
assay also show that there were no 
significantly pathological changes in 
liver, spleen and kidney tissues in rats 
of these three groups (Fig. 6).

Discussion
Adult MSCs are non-haematopoietic 
cells with multilineage potential to dif-

ferentiate into various tissues of meso-
dermal origin. Due to this multipoten-
cy, they were initially used for tissue 
engineering and organ transplantation 
(20). Since immunoregulatory effect 
of MSCs has recently been discovered, 
some tries of using MSCs in treating 
autoimmune diseases have been done 
and achieved positive results (21). Usu-
ally, MSCs are mainly isolated from 
bone marrow. However, aspirating 
bone marrow is invasive and sufficient 
cell numbers are sometimes difficult to 
obtain for clinic use. Compared with 
MSCs from bone marrow, hAMCs 
have several advantages. Firstly, hu-
man amniotic membrane is usually re-
garded as postlabour medical waste and 
therefore can avoid some ethical prob-
lems in clinical application. Secondly, 
it is easily to obtain large amounts of 
hAMCs from a single amnion. Thirdly, 
hAMCs are easily expanded in vitro 

and display stable morphologic charac-
teristics. Finally, using hAMCs in clinic 
are relatively safe because they do not 
express telomerase and can avoid risk 
of tumour formation after cell trans-
plantation (22, 23). Given these char-
acteristics, hAMCs are now considered 
as an alternative source of stem cells 
and deserve to be further investigated. 
Here we showed that administration of 
hAMCs ameliorated clinical signs and 
inflammation in CIA rats, at the same 
time, had no significant side effect, 
which displayed a therapeutic potential 
for RA.
Pro-inflammatory cytokines play key 
roles in the pathophysiology of RA. 
TNF-α is not only the ‘master-regula-
tor’ of inflammation in synovium but 
also contributes significantly to articu-
lar destruction (24). Accordingly, it has 
become a promising target for drug 
screening (20). Several anti-TNF-α 

Fig. 5. Effect of hAMCs on pro-
liferation of T lymphocytes in CIA 
rats.
C II=type II collagen. 
The results are shown as the mean 
± SD (n=6). 
**p<0.01, vs. medium; 
##p<0.01, model group vs. hAMCs 
group.

Fig. 6. Histopathological features of liver, spleen and kidney in CIA rats treated with hAMCs.
H&E staining of liver, spleen and kidney tissues at the end of the study (200×).
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agents, such as infliximab, etanercept 
and adalimumab, have been licensed in 
clinic for treatment of RA. IFN-γ also 
contributes to inflammation in arthri-
tis. It induces production of cytokines, 
nitric oxide (NO) and superoxide and 
expression of MHC class I and class II 
molecules in macrophages (26, 27). In 
addition, it also enhances the expres-
sion of intercellular adhesion mole-
cule-1 (ICAM-1) and vascular cell 
adhesion molecule-1 (VCAM-1) on 
endothelial cells, thereby enhancing 
leukocyte recruitment to the site of in-
flammation (28). To determine the anti-
inflammatory effect of hAMCs on CIA 
rats, we examined the expression of 
TNF-α and IFN-γ and found that these 
two proinflammatory cytokines signifi-
cantly decreased after hAMCs admin-
istration. This result was consistent 
with our previous in vitro experiment in 
which we found hAMCs could directly 
lower the production of pro-inflamma-
tory cytokines secreted by monocytes/
macrophages (data not shown). 
Oxidative damage by oxygen free radi-
cals is an important mechanism in the 
pathogenesis of RA. In patients with 
RA, GSH-Px and SOD levels signifi-
cantly lowered, whereas MDA levels 
remarkably rose. These results indicat-
ed that there was an increase in oxida-
tive stress and a low antioxidant status 
in RA patients (29). Some researchers 
even suggested that antioxidant therapy 
should be co-administrated with con-
ventional drugs to RA patients (30). 
Recently, several studies reported that 
MSCs from bone marrow could inhibit 
oxidative stress (31, 32). In this study, 
we showed that hAMCs administration 
significantly decreased MDA level, but 
increased SOD, GSH-PX and T-AOC 
levels, which indicated that hAMCs also 
possessed antioxidant capacity and one 
mechanism of hAMCs in treating CIA 
rats might be through anti-oxidation.
A pathogenic hallmark of RA is persis-
tent activation of self-reactive CD4+ T 
cells (33). In patients with RA, large 
numbers of CD4+ T cells accumulated 
in the inflamed synovium (34). At the 
same time, a high CD4+/CD8+ T-cell 
ratio was found in the blood (35). Vac-
cination against certain TCR Vβ-chains 
and CTLA4-Ig/LEA29Y treatment 

showing efficacy in RA further support-
ed the role of T cells in RA pathogen-
esis (36). Our results demonstrated that 
hAMCs treatment significantly restored 
the CD4+/CD8+ T-cell ratio in CIA rats. 
Moreover, in vitro proliferation rate of T 
lymphocytes isolated from rats treated 
with hAMCs was significantly lower 
than that from model rats. And this phe-
nomenon emerged not only under basal 
conditions but also when the prolifera-
tion was recalled by ConA stimulus or 
by challenge with the immunising anti-
gen. 
In conclusion, our results demonstrated 
that hAMCs could attenuate the dis-
ease development in rats with CIA, 
which was partly through inhibiting 
the inflammatory cytokines, decreasing 
CD4+/CD8+ T-cell ratio, induced hypo-
responsiveness of T lymphocytes and 
anti-oxidation. Certainly, more studies 
still need to be done to further explain 
mechanism of hAMCs and promote 
their application in clinic.

References
  1.	BEVAART L, VERVOORDELDONK MJ, TAK 

PP: Evaluation of therapeutic targets in ani-
mal models of arthritis: how does it relate to 
rheumatoid arthritis? Arthritis Rheum 2010; 
62: 2192-205. 

  2.	VASANTHI P, NALINI G, RAJASEKHAR G: 
Status of oxidative stress in rheumatoid ar-
thritis. Int J Rheum Dis 2009; 12: 29-33. 

  3.	FELDMANN M, BRENNAN FM, MAINI RN: 
Role of cytokines in rheumatoid arthritis. 
Annu Rev Immunol 1996; 14: 397-440.

  4.	SMOLEN JS, TOHIDAST-AKRAD M, GAL A et 
al.: The role of T-lymphocytes and cytokines 
in rheumatoid arthritis. Scand J Rheumatol 
1996; 25: 1-4.

  5.	BEYER NARDI N, DA SILVA MEIRELLES L: 
Mesenchymal stem cells: isolation, in vitro 
expansion and characterization. Handb Exp 
Pharmacol 2006; 174: 249-82.

  6.	HERRMANN RP, STURM MJ: Adult human 
mesenchymal stromal cells and the treatment 
of graft versus host disease. Stem Cells Clon-
ing 2014; 7: 45-52. 

  7.	URBAN VS, KISS J, KOVACS J et al.: Mesen-
chymal stem cells cooperate with bone mar-
row cells in therapy of diabetes. Stem Cells 
2008; 26: 244-53.

  8.	AUGELLO A, TASSO R, NEGRINI SM, CAN-
CEDDA R, PENNESI G: Cell therapy using 
allogeneic bone marrow mesenchymal stem 
cells prevents tissue damage in collagen-
induced arthritis. Arthritis Rheum 2007; 56: 
1175-86.

  9.	STOLZING A, JONES E, MCGONAGLE D, 
SCUTT A: Age-related changes in human bone 
marrow-derived mesenchymal stem cells: 
consequences for cell therapies. Mech Ageing 
Dev 2008; 129: 163-73. 

10.	ZHANG K, CAI Z, LI Y et al.: Utilization of 
human amniotic mesenchymal cells as feeder 
layers to sustain propagation of human em-
bryonic stem cells in the undifferentiated 
state. Cell Reprogram 2011;13:281-8. 

11.	MAGATTI M, DE MUNARI S, VERTUA E et al.: 
Amniotic mesenchymal tissue cells inhibit 
dendritic cell differentiation of peripheral 
blood and amnion resident monocytes. Cell 
Transplant 2009; 18: 899-914. 

12.	LI H, NIEDERKOM JY, NEELAM S et al.:      
Immunosuppressive factors secreted by hu-
man amniotic epithelial cells. Invest Oph-
thalmol Vis Sci 2005; 46: 900-7.

13.	LIU YH, VAGHJIANI V, TEE JY et al.: Amni-
otic epithelial cells from the human placenta 
potently suppress a mouse model of multiple 
sclerosis. PLoS One 2012; 7: e35758. 

14.	ROH DH, SEO MS, CHOI HS et al.: Trans-
plantation of human umbilical cord blood or 
amniotic epithelial stem cells alleviates me-
chanical allodynia after spinal cord injury in 
rats. Cell Transplant 2013; 22: 1577-90. 

15.	MANUELPILLAI U, TCHONGUE J, LOUREN-
SZ D et al.: Transplantation of human amnion 
epithelial cells reduces hepatic fibrosis in 
immunocompetent CCl4-treated mice. Cell 
Transplant 2010; 19: 1157-68. 

16.	XIAO C, LI J, DONG X et al.: Anti-oxidative 
and TNF-α suppressive activities of puerarin 
derivative (4AC) in RAW264.7 cells and col-
lagen-induced arthritic rats. Eur J Pharmacol 
2011; 666: 242-50. 

17.	RENJU GL, MURALEEDHARA KURUP G, 
SARITHA KUMARI CH: Anti-inflammatory 
activity of lycopene isolated from Chlorella 
marina on type II collagen induced arthritis 
in Sprague Dawley rats. Immunopharmacol 
Immunotoxicol 2013; 35: 282-91.

18.	HEGEN M, KEITH JC JR, COLLINS M, NICK-
ERSON-NUTTER CL: Utility of animal mod-
els for identification of potential therapeutics 
for rheumatoid arthritis. Ann Rheum Dis 
2008; 67: 1505-15. 

19.	HOLMDAHL R, JANSSON L, ANDERSSON M, 
LARSSON E: Immunogenetics of type II col-
lagen autoimmunity and susceptibility to col-
lagen arthritis. Immunology 1988; 65: 305-10.

20.	FARINI A, SITZIA C, ERRATICO S, MEREGAL-
LI M, TORRENTE Y: Clinical applications of 
mesenchymal stem cells in chronic diseases. 
Stem Cells Int 2014; 2014: 306573. 

21.	LEE HK, LIM SH, CHUNG IS et al.: Preclinical 
efficacy and mechanisms of mesenchymal 
stem cells in animal models of autoimmune 
diseases. Immune Netw 2014; 14: 81-8. 

22.	ALVIANO F, FOSSATI V, MARCHIONNI C 
et al.: Term Amniotic membrane is a high 
throughput source for multipotent Mesen-
chymal Stem Cells with the ability to differ-
entiate into endothelial cells in vitro. BMC 
Dev Biol 2007; 7: 11.

23.	BILIC G, ZEISBERGER SM, MALLIK AS,     
ZIMMERMANN R, ZISCH AH: Comparative 
characterization of cultured human term 
amnion epithelial and mesenchymal stro-
mal cells for application in cell therapy. Cell 
Transplant 2008; 17: 955-68.

24.	FURST DE: Development of TNF inhibitor 
therapies for the treatment of rheumatoid ar-
thritis. Clin Exp Rheumatol 2010; 28 (Supp. 
59): S5-12. 



490

hAMCs attenuates arthritis in rats / J. Shu et al.

25.	NAM J, EMERY P: Aspects of TNF inhibitor 
therapy in rheumatoid arthritis. Mod Rheu-
matol 2010; 20: 325-30. 

26.	NATHAN CF, MURRAY HW, WIEBE ME,       
RUBIN BY: Identification of interferon-gam-
ma as the lymphokine that activates human 
macrophage oxidative metabolism and an-
timicrobial activity. J Exp Med 1983; 158: 
670-89.

27.	BOEHM U, KLAMP T, GROOT M, HOWARD 
JC: Cellular responses to interferon-gamma. 
Annu Rev Immunol 1997; 15: 749-95.

28.	SCHRODER K, HERTZOG PJ, RAVASI T, HUME 
DA: Interferon-gamma: an overview of sig-
nals, mechanisms and functions. J Leukoc 
Biol 2004; 75: 163-89. 

29.	SURAPNENI KM, CHANDRASADA GOPAN 
VS: Lipid peroxidation and antioxidant status 

in patients with rheumatoid arthritis. Indian J 
Clin Biochem 2008; 23: 41-4.

30.	JASWAL S, MEHTA HC, SOOD AK, KAUR J: 
Antioxidant status in rheumatoid arthritis 
and role of antioxidant therapy. Clin Chim 
Acta 2003; 338: 123-9.

31.	LV S, CHENG J, SUN A et al.: Mesenchymal 
stem cells transplantation ameliorates glo-
merular injury in streptozotocin-induced dia-
betic nephropathy in rats via inhibiting oxi-
dative stress. Diabetes Res Clin Pract 2014; 
104: 143-54. 

32.	CHO KA, WOO SY, SEOH JY, HAN HS, RYU 
KH: Mesenchymal stem cells restore CCl4-
induced liver injury by an antioxidative pro-
cess. Cell Biol Int 2012; 36: 1267-74. 

33.	DONG H, STROME SE, MATTESON EL et al.: 
Costimulating aberrant T cell responses by 

B7-H1 autoantibodies in rheumatoid arthri-
tis. J Clin Invest 2003; 111: 363-70.

34.	NANKI T, HAYASHIDA K, El-GABALAWY HS 
et al.: Stromal cell-derived factor-1-CXC 
chemokine receptor 4 interactions play a cen-
tral role in CD4+ T cell accumulation in rheu-
matoid arthritis synovium. J Immunol 2000; 
165: 6590-8.

35.	HUSSEIN MR, FATHI NA, EL-DIN AM et al.: 
Alterations of the CD4(+), CD8(+) T cell sub-
sets, interleukins-1beta, IL-10, IL-17, tumor 
necrosis factor-alpha and soluble intercellular 
adhesion molecule-1 in rheumatoid arthritis 
and osteoarthritis: preliminary observations. 
Pathol Oncol Res 2008; 14: 321-8. 

36.	LORENZ HM: T-cell-activation inhibitors in 
rheumatoid arthritis. BioDrugs 2003; 17: 
263-70.


