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Abstract
Background aims. The chronic inflammation of autoimmune diseases develops repetitive localized destruction or systemic
disorders, represented by Hashimoto’s thyroiditis (HT) and Systemic lupus erythematosus (SLE) respectively. Currently,
there are no efficient ways to treat these autoimmune diseases. Therefore, it is critically important to explore new thera-
peutic strategies.The aim of this study was to investigate the therapeutic efficacy of human amniotic epithelial cells (hAECs)
in murine models of HT and SLE. Methods. Experimental autoimmune thyroiditis (EAT) was induced in female CBA/J
mice by immunization with porcine thyroglobulin (pTg). hAECs were intravenously administered at different time points
during the disease course. MRL-Faslpr mice, a strain with spontaneously occurring SLE, were intravenously administered
hAECs when their sera were positive for both anti-nuclear antibodies (ANAs) and anti-double-stranded DNA (anti-
dsDNA) antibodies. Two weeks after the last cell transplantation, blood and tissue samples were collected for histological
examination and immune system analysis. Results. hAECs prevented lymphocytes infiltration into the thyroid and im-
proved the damage of thyroid follicular in EAT mice. Correspondingly, hAECs administration reduced anti-thyroglobulin
antibodies (TGAb), anti-thyroid peroxidase antibodies (TPOAb) and thyroid stimulating hormone (TSH) levels. SLE mice
injected with hAECs appeared negative for ANAs and anti-dsDNA antibodies and showed reduced immunoglobulin pro-
files. Mechanically, hAECs modulated the immune cells balance in EAT and SLE mice, by downregulating the ratios of
Th17/Treg cells in both EAT and SLE mice and upregulating the proportion of B10 cells in EAT mice. This was con-
firmed by in vitro assay, in which hAECs inhibited the activation of EAT mice-derived splenocytes. Moreover, hAECs improved
the cytokine environment in both EAT and SLE mice, by suppressing the levels of IL-17A and IFN-γ and enhancing TGF-β.
Conclusion. These results demonstrated the immunoregulatory effect of hAECs for inflammation inhibition and injury re-
covery in HT and SLE murine models. The current study may provide a novel therapeutic strategy for these autoimmune
diseases in clinic.
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Introduction

Autoimmune diseases arise from the misrecognition
of immune system on the own tissues or organs.The
consequent chronic inflammation develops repeti-
tive localized destruction or systemic disorders,

corresponding to Hashimoto’s thyroiditis (HT) and
Systemic lupus erythematosus (SLE) as representa-
tive diseases respectively. HT is an organ-specific
autoimmune disease characterized by the produc-
tion of thyroid-specific autoantibodies, mononuclear
cell infiltration and destruction of the thyroid, resulting
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in the development of hypothyroidism [1]. On the other
hand, SLE is a multisystem autoimmune disease char-
acterized by the production of autoantibodies against
diverse nuclear antigens, causing immune com-
plexes to accumulate in multiple organs [2]. Both of
the diseases arise through self-reactive response of the
human immune system, in which autoantibodies
derived from activated B cells and self-reactive T cells
recognize self-antigens to result in tissue damages.
Therefore, despite the different target organs and in-
flammatory processes, the two kinds of autoimmune
diseases share the common immune mechanism of ab-
errant reaction of bothT cells and B cells.The current
treatment approaches aiming these autoimmune dis-
eases includes immune inhibitors, anti-inflammatory
agents, and antimalarial drugs [3]. However, the non-
specificity and one-sidedness limit the effectiveness of
the treatments. Also, these medicines can lead to cu-
mulative drug toxicity and other unexpected side
effects. For example, levothyroxine (L-T4), the mostly
used drug of the thyroxine replacement therapy in HT
patients, may induce bone loss [4], exacerbate angina
pectoris [5] and psychological illness [6]. Thus, new
strategies of immunomodulation are required for more
effective and safer treatment.

Stem cell therapy has been considering as an ideal
option because of their long-term recovering activity
for injuries. Nevertheless, the use of embryonic stem
cells (ESCs) have ethical concerns; both ESCs and
induced pluripotent stem cells (iPSCs) confront chal-
lenges of tumorigenicity and immunogenicity. A
number of studies reported that mesenchymal stem
cells (MSCs) had therapeutic effect in certain immune
disease models based on their immunomodulatory
properties [7–9]. However, the flexible immune re-
sponse and controversial tumorigenicity under
pathological environment restrict their use for auto-
immune disease patients. Moreover, autologous MSCs
therapy requires invasive extraction for harvesting in
most of cases [10].

In contrast, cells derived from the placenta, such
as human amniotic epithelial cells (hAECs), appear
to have several important advantages over other stem
cell lineages. A large number of hAECs (more than
100 million from a term-delivered placenta) can be
noninvasively harvested without ethical concerns [11].
hAECs have none tumorigenicity due to the lack of
telomerase [12] and potential immune tolerance with
expression of nonclassic HLA-G and without MHC
II antigens [13–15]. Importantly, hAECs demon-
strated immunomodulatory properties in inhibiting the
activity of immune cells [16,17], and held efficacy for
the treatment of autoimmune diseases such as mul-
tiple sclerosis (MS) in vivo [18–20].

Despite the unique characteristics, hAECs have sur-
prisingly received little attention for autoimmune

disease therapy. In the present study, we examined the
treatment efficacy of hAECs in HT and SLE murine
models and investigated involved immunoregulatory
mechanism.

Methods

Human amniotic epithelial cells isolation and culture

Human amniotic membranes were obtained with
written and informed consent from healthy mothers
undergoing cesarean section.The procedure was ap-
proved by the institutional patients and ethics
committee of the International Peace Maternity and
Child Health Hospital, Shanghai Jiao tong Universi-
ty School of Medicine. All donors were negative for
hepatitis A, B, C, and D and HIV-I andTPAB (Trepo-
nema pallidum antibody). hAECs were isolated from
the collected placenta. In brief, the amniotic mem-
brane was peeled from the placental chorion and
washed in HBSS to discard blood cells. The amni-
otic membrane was digested with 0.25% trypsin
(EDTA) for 30 min at 37°C in a water bath. Two
volumes of complete culture medium (F12/DMEM,
10% KSR (Knockout Serum Replacement), 2 mM L-
glutamine, 1% nonessential amino acid, 55 µM
2-mercaptoethanol, 1 mM sodium pyruvate, 1%
antibiotic-antimycotic (all from Gibco) and 10 ng/
ml EGF (Peprotech)) was added to the trypsin
digestion medium, and the sample was centrifuged for
10 min at 300 g. The cell pellet was then suspended
in the complete culture medium for the following cell
culture by incubation in 5% CO2 in air at 37°C.The
immunophenotype of the hAECs was then analyzed
for HLA-ABC, HLA-DQ, HLA-DR, CD45, CD31,
CD34, CD44, CD146 and isotype controls (all from
eBioscience) using flow cytometry and pan-
Cytokeratin, E-cadherin (all from Abcam) through
immunocytochemistry. Cell viability, as estimated by
a trypan blue exclusion assay, was above 95% prior
to cell transplantation. Passages 1–3 of hAECs iso-
lated from more than 3 different donors were utilized
in this paper.

Animals

Female CBA/J mice (H2K), a strain susceptible to EAT,
were obtained from Shanghai Research Center for
Model Organisms. MRL-Faslpr mice, a strain with spon-
taneously occurring SLE, were obtained from Nanjing
Biomedical Research Institute of Nanjing Universi-
ty. The mice were raised under specific pathogen-
free conditions with free access to food and water in
Zhejiang University Laboratory Animal Center. All
animal studies were approved by the University Com-
mittee on the Use and Care of Animals.
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hAECs administration in EAT and SLE mice

EAT was induced in 8-week-old female CBA/J mice.
The mice were immunized subcutaneously under 5%
chloral hydrate anesthesia with 100 µg of pTg in sterile
PBS emulsified in 100 µl of CFA (complete Freund’s
adjuvant, which contains a Mycobacterium tuberculo-
sis strain at 5 mg/ml) on day 0. Two weeks later, the
mice were boosted with the same dose of pTg in IFA
(incomplete Freund’s adjuvant, all from Sigma).

To evaluate the effect of timing of hAECs admin-
istration, the injection time points were selected based
on the disease progress of EAT mice (Supplementary
Figure S1D) at day 14, day 21, day 0, 7, 14, 21 or
day 35. At different time points, 1.5 × 106 hAECs in
100 µl of sterile PBS or 100 µl PBS alone as a control
were injected into the tail vein.The animals were sac-
rificed 2 weeks after the last transplantation (Table I).

When MRL-Faslpr mice sera were double positive
for ANAs and anti-dsDNA antibodies around 12–
16 weeks old, they were identified as SLE mice, which
were then injected with 7.5 × 105 hAECs in 100 µl
of sterile PBS or 100 µl PBS alone intravenously twice
at the same day.The animals were sacrificed 2 weeks
after the cells transplantation (Table II). At least 6 mice
in each group were employed in the experiments
(Normal control group, Disease group, hAECs-
treated group).

Histology

Thyroids were surgically removed and fixed in 4%
PFA, embedded in paraffin and sectioned using a stan-
dard method. Infiltration was evaluated on 5-µm-
thick sections stained with hematoxylin and eosin
(H&E).Thyroid histopathology scores were assigned
based on the percentage of thyroid follicles replaced

with infiltrating lymphocytes as previously described
in detail [21]. The severity of thyroiditis was graded
on a scale of 0–4, as follows: grade 0, normal histol-
ogy; grade 1, interstitial accumulation of inflammatory
cells distributed around one or two follicles; grade 2,
one or more foci of inflammatory cells reaching at least
the size of one follicle; grade 3, 10–40% of the thyroid
replaced with inflammatory cells; grade 4, destruc-
tion of more than 40% of thyroid tissue.Thyroids tissue
sections were stained for lymphocytes with rat anti-
mouse CD45R (Abcam) (1:250).VECTASTAIN Elite
ABC Kit (Standard*) (Vector) and AEC Peroxidase
(HRP) Substrate Kit (Vector) were performed ac-
cording to the manufacturer’s instructions.

Serological assays

For EAT mice, TGAb, TPOAb, TSH, total triiodo-
thyronine (TT3), and total thyroxine (TT4) levels
in sera samples were assayed using commercial
ELISA kits. For SLE mice, ANAs were measured by
immunofluorescence using HEp-2-coated-slides
(Euroimmun). Anti-dsDNA autoantibodies were mea-
sured by immunofluorescence analysis of Crithidia
luciliae kinetoplast staining (Euroimmun). To quan-
tify sera ANAs, anti-dsDNA antibodies, mean
fluorescence intensity (MFI) was measured for ≥10
cells/sample using ImagePro Plus 6.0 software, and
average MFI was determined. IgG isotypes (IgG1,
IgG2a, IgG3) were measured by ELISA established
using commercially available reagents.

Sera cytokine levels of IL-17A, IFN-γ, IL-4, IL-
10 and TGF-β of EAT and SLE mice were measured
by ELISA. All ELISA kits were from Hengyuan Bi-
ological Technologies (Shanghai, China). Specific
experimental steps were performed according to the
manufacturer’s instructions.

Flow cytometry

Spleens were surgically removed from EAT and SLE
mice. Single-cell suspensions of splenocytes were pre-
pared, treated with RBC lysis buffer, and then cultured
in complete RPMI-1640 supplemented with 10% FBS,
2 mM L-glutamine, 50 µM 2-mercaptoethanol and
100 U/ml penicillin/streptomycin (all from Gibco).

For IL-17A staining, splenocytes were stimu-
lated with a combination of 25 ng/ml phorbol myristate
acetate (PMA) and 1 µg/ml ionomycin. After 2 h,
1.7 µg/ml monensin (all from Lianke Biotechnology,
Hangzhou, China) was added, and the cells were in-
cubated for an additional 3 h. CD4+IL-17A+ (Th17)
cell or CD4+Foxp3+ (Treg) cell markers were identi-
fied using a rat anti-mouse CD4-FITC antibody, a rat
anti-mouse IL-17A-PE antibody or a rat anti-mouse
Foxp3-PE antibody. Intracellular cytoplasmic stain-
ing was performed using Intracellular Fixation and

Table I. Grouping of EAT mice for time point selection of hAECs
administration.

Group

First
immune
challenge

Second
immune
challenge Treatment Harvest

1 Day 0 Day 14 Day 14 Day 28
2 Day 0 Day 14 Day 21 Day 35
3 Day 0 Day 14 Day 0,7,14,21 Day 35
4 Day 0 Day 14 Day 35 Day 49

Table II. Experimental procedures of mice treatment for SLE
analysis.

Group Treatment (Day 0) Harvest (Day 14)

Control PBS Serum and tissue
SLE PBS Serum and tissue
SLE + hAECs hAECs Serum and tissue
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Permeabilization Buffers. Intracellular nuclear
staining was performed using a Foxp3 Fixation/
Permeabilization Kit according to the manufacturer’s
protocol. CD5+CD1dhiCD19+ (B10) cell markers using
a rat anti-mouse CD5-FITC, a rat anti-mouse CD1d-
PE, and a rat anti-mouse CD19-APC antibody. Isotype
controls were used to correct for nonspecific binding
(all from eBioscience). Flow cytometric analysis was
used Kaluza Analysis 1.5a software.

Cytokine production in vitro

Splenocytes (1.2 × 106) of EAT mice at the peak of
disease (35 day) were stimulated with pTg (80 µg/
ml) in the presence or absence of hAECs (1.2 × 105).
Cell-free culture supernatants were collected after 48 h
by centrifugation. Cytokine levels of IL-17A, IFN-γ,
IL-4, IL-10 and TGF-β were measured by ELISA
(Hengyuan BiologicalTechnologies, Shanghai, China).

Statistical analysis

Statistical significance was determined with GraphPad
Prism 7 software. Differences between two experi-
mental groups were determined using an unpaired with
Welch’s correction, two-tailed t test. Differences among
three experimental groups were determined using one-
way analysis of variance with Tukey’s multiple
comparison test. Confidence intervals of 95% were
deemed significant.

Results

hAECs characterization

The hAECs prepared in this study were cuboidal with
5–10 µm diameters, which is the typical appearance
for epithelial cells (Figure 1A). The hAECs showed
a homogeneous population and nearly all cells showed
persistent expression of pan-Cytokeratin (Figure 1B)
and E-cadherin (Figure 1C), which are specific markers
of epithelial cells. For immunophenotypic character-
ization of hAECs, surface protein expression was
examined by flow cytometry. The hAECs were
negative for the MSC markers CD44, CD146
(Figure 1H), endothelial markers CD31, CD34
(Figure 1D), and the hematopoietic lineage markers:
CD45(Figure 1E). hAECs were positive for MHC-

Ia: HLA-ABC (Figure 1F) and negative for MHC-
II: HLA-DR or HLA-DQ (Figure 1G).

hAECs suppressed the development of HT in EAT mice

To determine whether hAECs have therapeutic effect
on HT, murine EAT model was established
(Supplementary Figure S1) and hAECs were admin-
istrated by tail-vein injection on different time points
of the EAT duration as indicated (Table I). The sera
levels of HT diagnosis markers were examined. Com-
pared with non-induced control mice, remarkably
increased TGAb, and TPOAb, and TSH were de-
tected in EAT mice (Supplementary Figure S1E-G).
In contrast, the augmented levels of these markers were
considerably reversed when hAECs were adminis-
tered at any injection time points (Figure 2H-J).These
findings indicated hAECs attenuated the thyroid-
specific autoimmune response induced by thyroglobulin
immunity.

On the other hand, lymphocytes infiltration and
thyroid follicular destruction based histological eval-
uation was determined in different groups of mice
thyroid. Compared with the EAT groups, hAECs in-
jection on day 35 significantly suppressed the
lymphocytes infiltration into the thyroid as evi-
denced by the pathology quantification (Figure 2D with
representative images in Figure 2E) and confirmed by
immunochemical staining of CD45R (Figure 2F, G),
while a decreased trend was observed in the mice
with hAECs administration at other time points
(Figure 2A-C). Due to a better rescue effect of hAECs
on EAT with injection on day 35, the peak of EAT
development, we focused on this time point for further
mechanism analysis (Table III).

hAECs suppressed the SLE development in lupus-prone
mice

The investigation of the effect of hAECs on SLE was
determined in lupus-prone MRL-Faslpr mice (SLE
mice). Since the signature symptom of SLE is the gen-
eration of large amount of ANAs against both RNA-
containing and DNA-containing autoantigens, a
fluorescent ANAs assay was performed. The sera of
the control mice did not recognize the autoantigens
in human laryngeal carcinoma epithelial (HEp-2) cells

Table III. Experimental procedures of mice treatment for EAT analysis.

Group
First immune

challenge (Day 0)
Second immune

challenge (Day 14)
Treatment
(Day 35)

Harvest
(Day 49)

Control PBS PBS PBS Serum and tissue
EAT pTg + CFA pTg + IFA PBS Serum and tissue
EAT + hAECs pTg + CFA pTg + IFA hAECs Serum and tissue
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as evidenced by negative fluorescent staining
(Figure 3A). In contrast, sera of typical SLE mice pro-
duced a homogenous nuclear ANAs pattern with
abundant positive staining (Figure 3B). However, after
hAECs administration, the sera ANAs response almost
disappeared (Figure 3C, D).The repression of auto-
antibodies by hAECs was further confirmed by a high-
specificity immunofluorescence staining for detecting
antibodies against dsDNA in Crithidia luciliae kineto-
plast (Figure 3E-H). Also, MRL-Faslpr mice develop
an age-dependent increase in sera circulating immu-

noglobulins during the SLE progression. Consistently,
hAECs injection could reverse the development of
hypergammaglobulinemia (Figure 3I-K).

hAECs preserved immune cells balance in EAT and
SLE mice

To determine the immunomodulatory function of
hAECs, the proportions of immune cells in the spleens
of EAT and SLE mice were examined 2 weeks after
hAECs administration. Compared with control mice,
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Figure 1. Characteristics of hAECs. The isolated hAECs showed a homogeneous population of cuboidal cells with 5–10 µm diameters
(A). Nearly all cells showed persistent expression of pan-Cytokeratin (B) and E-cadherin (C), which are specific markers of epithelial cells.
Flow cytometry histogram for surface markers demonstrated that hAECs were positive for HLA-ABC (F) and negative for CD31, CD34
(D), CD45 (E), HLA-DR, HLA-DQ (G), and CD44, CD146 (H). Data are presented as the mean ± SD from 3 separate specimens from
three independent experiments. hAECs, human amniotic epithelial cells; Pan-CK, pan-Cytokeratin; E-cad, E-cadherin; CD, cluster of dif-
ferentiation; HLA, human leukocyte antigen.
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the proportion ofTh17 cells in the EAT mice remark-
ably increased, and the augment of Th17 cells was
significantly suppressed in hAECs-injected group
(Figure 4A).The proportion of Treg cells was not af-
fected by the hAECs administration (Figure 4B). On
the other hand, the reduced proportion of B10 cells
in the EAT mice was restored upon hAECs admin-
istration (Figure 4C). These results suggested that
hAECs treatment altered the Th17/Treg cells balance
by down-regulating Th17 cells and modulated the

immune system via B10 cells up-regulation in EAT
mice. In SLE mice, hAECs strikingly decreased the
proportion of Th17 cells (Figure 5A), and enhanced
the proportion of Treg cells (Figure 5B), but the pro-
portion of B10 cells was little affected (Figure 5C).
These results suggested that, different from in EAT
mice, hAECs treatment altered the Th17/Treg cells
balance by down-regulating Th17 cells and up-
regulating Treg cells synergistically, while had no
significant influence on B10 cells in SLE mice.
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Figure 2. hAECs suppressed the development of HT in EAT mice. EAT mice were administered 1.5 × 106 hAECs at different times as
indicated in Table I. Two weeks after the last cell transplantation, thyroid tissues and sera were collected from the EAT mice. Histological
examination was performed based on H&E staining. Pathological scores for every mouse were evaluated when hAECs administered on
day 14 (A), day 21 (B), days 0, 7, 14, and 21 (C), day 35 (D). Pathological scores for individual mice are indicated by dots. The hori-
zontal lines represent the median severity in each group. Representative images of H&E staining in EAT mice (harvested on day 49) and
EAT mice with hAECs injection at the peak of disease on day 35 (harvested on day 49) are shown in E. CD45R immunohistochemical
staining were performed in the thyroids from EAT mice (harvested on day 49) and EAT mice with hAECs injection at the peak of disease
on day 35 (harvested on day 49). Representative images are shown in F with quantification in G. The arrows indicated infiltrated mono-
nuclear cells and CD45R+cells in E and F respectively. The levels of TGAb (H), and TPOAb (I), and TSH (J) in EAT mice and EAT
mice with hAECs were determined by ELISA. Data are presented as the mean ± SD from 5–8 separate specimens per group from three
independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001. Statistical analysis was performed using an unpaired t text with Welch’s
correction.
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hAECs inhibited activation of splenocytes of EAT mice
in vitro

To determine the immunoregulatory activity of hAECs
in vitro, splenocytes were isolated from EAT mice at
the peak of disease (day 35) and then stimulated by
pTg with or without hAECs coculture. Cytokines of
T cell subtypes in the splenocytes were then exam-
ined. hAECs down-regulated the production of theTh1
cytokine IFN-γ (Figure 6A) and the Th17 cytokine
IL-17A (Figure 6B). There was no significant differ-
ence in IL-4 in the presence or absence of hAECs
(Figure 6C). TGF-β and IL-10 were not detected in
the supernatant. These results indicated that hAECs
could inhibit autoimmune cell activation in vitro.

hAECs improved cytokine environment in EAT and
SLE mice

Moreover, the composition of cytokine environment
in EAT mice and SLE mice were analyzed with or
without hAECs administration. EAT and SLE mice
injected with hAECs exhibited significantly down-
regulated production of the proinflammatory Th17
cytokine IL-17A (Figure 7A) and the Th1 cytokine

IFN-γ (Figure 7B); however, the level of the Th2
cytokine IL-4 (Figure 7C) and IL-10 (Figure 7D) did
not change. On the other hand, hAECs induced se-
cretion of the anti-inflammatory molecule TGF-β
(Figure 7E).Therefore, hAECs helped to improve the
cytokine environment in the EAT and SLE mice.

Discussion

In the current study, we examined the potential effect
of hAECs on HT and SLE. hAECs transplantation
in EAT and spontaneous lupus mice systematically pre-
served organ function, reduced inflammation and
altered the immune balance.To our surprise, hAECs
demonstrated best treatment effect when they were
administrated at the peak of diseases, although the
disease phenotypes were also suppressed upon the in-
jection of hAECs at earlier windows. These results
indicated that hAECs may ameliorate both the inci-
dence and development of EAT and spontaneous
lupus. More importantly, hAECs could be ideal can-
didate for HT and SLE treatment in clinic, in which
most patients are diagnosed with obvious symp-
toms.To our knowledge, this is the first study to report
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Figure 3. hAECs suppressed the SLE development in lupus-prone mice. SLE mice were injected with 7.5 × 105 hAECs intravenously twice
at the same day. Two weeks after hAECs administration, immunofluorescence analysis of ANAs and anti-dsDNA antibodies, and ELISA
analysis of IgG subtypes in the sera of MRL-Faslpr mice were performed. Representative images of ANAs detection in HEp-2 cells for control
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Data were compared using a one-way analysis of variance and Tukey’s Multiple Comparison Test.

ARTICLE IN PRESS

Human amniotic epithelial cells treat autoimmune diseases in mice 7



the therapeutic benefit of hAECs in these autoim-
mune diseases. The key function of hAECs in EAT
and spontaneous lupus is the immunomodulatory
effect. Correspondingly, the regulation of immune
system by hAECs was further investigated.

In the present study, although hAECs improved
disease symptoms in EAT and spontaneous lupus, they
exhibited different modulatory styles on immune
balance. This refers to both B and T cells, in which
B10 cells are the major target B cells. As reported, the
proportion of B10 cells decreases and is maintained
at a lower level during the development of thyroid-
itis [22].The infusion of splenic B10 cells significantly
prolonged the survival of NZB/W auto-immune mice
[23]. Our results demonstrated that hAECs selec-
tively upregulated B10 cells in EAT mice but had little
effect on B10 population in SLE mice. This can be
due to different behaviors of B10 cells in different auto-
immune diseases: B10 cells number is significantly
augmented in lupus-prone mice, but below normal

levels in susceptible to exogenous autoantigen-
induced autoimmune disease [24]. Noticeably, B10
cells are the predominant source of B cell-produced
IL-10 [25], so that work as regulatory B cells to inhibit
the differentiation of Th17 cells [26].

Indeed,Th17 cells population was downregulated
in EAT mice upon hAECs administration. Consis-
tent with previous studies, our observation confirmed
that Th17 cells played a critical role in the pathogen-
esis of HT [27]. Importantly, hAECs exerted their
immunoregulatory function in EAT mice partially by
suppressing the Th17 proportion and Th17-derived
IL-17A, so that inhibited the further secretion of in-
flammatory cytokines and the recruitment of
inflammatory cells in the thyroid glands. On the other
hand, IL-17A also appears to participate in the de-
velopment of several SLE complications. The
expression of IL-17A is elevated in both SLE pa-
tients and in lupus-prone mice, and it is positively
correlated with disease activity [28]. Similarly,
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Figure 4. The effect of hAECs administration on proportions of immune cells in EAT mice. Spleens were harvested on day 49 from non-
diseased control mice, EAT mice and EAT mice with hAECs injection at the peak of disease (day 35). Th17 (A), Treg (B), and B10 (C)
cells proportions were determined by flow cytometry. Data are presented as the mean ± SD from 5–8 separate specimens per group from
three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001. Data were compared using a one-way analysis of variance and Tukey’s
Multiple Comparison Test. Representative flow scatter diagrams and quantifications are shown.

ARTICLE IN PRESS

8 B.Tan et al.



2.47%5.23%2.99% %llec
T

+4
D

C/
71h

T 0

4

1

3

2

IL
-1

7A
-P

E

Control

SLE SLE+hAECsControl

SLE SLE+hAECs

**

10 10¹ 10² 10³

10

10¹

10²

10³

10 10¹ 10² 10³

10

10¹

10²

10³

10 10¹ 10² 10³

10

10¹

10²

10³

CD4-FITC

5 **

18.14%

 F
ox

p3
-P

E

Control SLE SLE+hAECs10 10¹ 10² 10³

10

10¹

10²

10³

CD4-FITC

10 10¹ 10² 10³

10

10¹

10²

10³

10 10¹ 10² 10³

10

10¹

10²

10³
14.68% 18.15%

0

20

5

15

10

** *

0.99%
**

 C
D

1d
-P

E

Control
%llec

B
+91

D
C/

01
B

SLE SLE+hAECs10 10¹ 10² 10³

10

10¹

10²

10³

CD5-FITC

10 10¹ 10² 10³

10

10¹

10²

10³

10 10¹ 10² 10³

10

10¹

10²

10³

0.0

2.5

0.5

1.5

1.0

1.89%1.98%

2.0

%llec
T

+4
D

C/
ger

T

et a
Gll e

C
T

+4
D

C
et a

Gll e
C

T
+4

D
C

et a
Gll e

C
B

+91
D

C

A

B

C
ns

Figure 5. The effect of hAECs administration on proportions of immune cells in SLE mice. SLE mice were injected with 7.5 × 105 hAECs
intravenously twice at the same day. Two weeks after hAECs administration, spleens were harvested from non-diseased control mice and
SLE mice with or without hAECs treatment.Th17 (A),Treg (B), and B10 (C) cells proportions were determined by flow cytometry. Data
are presented as the mean ± SD from 5 separate specimens per group from three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001.
Data were compared using a one-way analysis of variance and Tukey’s Multiple Comparison Test. Representative flow scatter diagrams
and quantifications are shown.

IL
-4
（

l
m/ gp
）

（
ng

/L
）

***

A71-LI
（

l
m/ gp
）

***

0

4000

6000

0

100

200

300

0

A B C

2

4

6

8 ns

3000

5000

100
200
300
400

hAECs

hAECs+
pTg

sp
lenocy

tes

sp
lenocy

tes+
pTg

sp
lenocy

tes+
pTg+hAECs

hAECs

hAECs+
pTg

sp
lenocy

tes

sp
lenocy

tes+
pTg

sp
lenocy

tes+
pTg+hAECs

hAECs

hAECs+
pTg

sp
lenocy

tes

sp
lenocy

tes+
pTg

sp
lenocy

tes+
pTg+hAECs

Figure 6. hAECs inhibited activation of splenocytes of EAT mice in vitro. Splenocytes isolated from EAT mice at the peak of disease (day
35) were stimulated with pTg (80 µg/ml) in the presence or absence of hAECs. The levels of the cytokines of T cell subtypes IFN-γ (A),
IL-17A (B), IL-4 (C) in the culture supernatant were determined 48 h later by ELISA. Data are presented as the mean ± SD from 6 sep-
arate specimens per group from three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001. Data were compared using a one-
way analysis of variance and Tukey’s Multiple Comparison Test.

ARTICLE IN PRESS

Human amniotic epithelial cells treat autoimmune diseases in mice 9



decreased Th17 and IL-17A levels were detected in
SLE mice after hAECs administration. However, the
underlying mechanism could be based on the IL-
17A-controlled B cells survival and their differentiation
into immunoglobulin-secreting cells [29], as evi-
denced by reduced IgG profiles in SLE mice with
hAECs administration.

Compared to the negative regulation ofTh17 cells,
hAECs administration preserved the proportion ofTreg

cells in SLE mice specifically, which is similar as the
case of hAECs therapy on remitted MS [18].There-
fore, hAECs may correct the auto-immune systems
in these diseases in different patterns. In EAT, hAECs
restored B10 cells and the Th17/Treg cells balance by
decreasing the Th17 cells proportion. In SLE, though
the proportion of B10 cells did not change after hAECs
injection in our study, the proportion ofTreg cells was
significantly increased, indicating that hAECs
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Figure 7. The effect of hAECs administration on cytokine environment in EAT and SLE mice. Sera were harvested on day 49 from non-
diseased control mice, EAT mice, EAT mice with hAECs injection at the peak of disease (day 35), and on day 14 from non-diseased control
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restored theTh17/Treg cells balance by decreasing the
Th17 cells proportion and increasing the Treg
cells proportion. The identification of different
immunoregulatory functions of hAECs in autoim-
mune diseases may help to develop correlated cell
therapy in clinic.

Corresponding to the modulation of the immune
balance by hAECs, resultant restoration of cytokine
levels directly correlates to the alleviation of the symp-
toms of auto-immune disease. It is clear that both
apoptosis and the recruitment of inflammatory cells
to the thyroid in HT are under the tight control of
the inflammatory cytokine microenvironment [30].
Although HT is an organ-specific autoimmune
disease, it can influence the global generation of
proinflammatory cytokines [31]. On the other hand,
it has been established that T-cell abnormalities and
aberrant T helper cytokine profiles play an essential
role in the development of SLE, despite the debate
regarding the dominance of Th1 or Th2 cytokines in
SLE pathogenesis persists [32]. Typically, the
inhibition of IFN-γ and IL-17A but augment of
TGF-β by hAECs administration contribute signifi-
cantly to restrain the proliferation and activation of
lymphocytes.

Mechanically, hAECs restored the immune balance
in these autoimmune disease models by expressing
different groups of mediators, one of their major
characteristics as indicated by our and other’s studies
[33–35]. For cell therapy, it is still debated about the
predominant effect between the local cell-contact
interaction and the systemic regulation of the infused
cells. In the current study, we think that hAECs
exerted the immunomodulatory actions in both ways.
The surface expression of HLA-G, complement in-
hibitory proteins, CD59 antigen and decay accelerating
factor could be the key factors for immunosuppres-
sion of T helper cells [15,36,37], while the presence
of FasL could be responsible for induction the apop-
tosis of T helper cells in a cell-to-cell contact
pattern in thyroid [38]. And the secretion of tissue
inhibitor of matrix metalloproteinases (TIMP-1-4),
IL-10, TGF-β and macrophage migration inhibiting
factor (MIF) played the important role in inhibiting
the proliferation and differentiation of Th1,Th2 and
Th17 cells but upregulating the Treg and B10 cells
systematically [16,17].

Therefore, hAECs administration could be con-
sidered as a novel strategy to treat HT and SLE. It
was reported that hAECs treatment ameliorated MS,
either effective on its progression or its relapse [18,19].
Further pre-clinical studies are required to deter-
mine the effect of hAECs on EAT or SLE relapse after
the termination of drug treatment, and also the optimal
doses, long-term therapeutic efficacy as well as the
safety of multiple injections.
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