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Differential effects of mesenchymal stem cells on T cells 
isolated from childhood allergies and autoimmune diseases

To the Editor,
Mesenchymal stem cells (MSCs) are multipotent stromal cell precur‐
sors and are involved in immunoregulation. They can suppress the 
maturation, proliferation, or effector function of a wide range of in‐
nate and adaptive immune cells, including T cells.1 Numerous studies 
have reported that MSCs can inhibit Th1 and Th17 cells and amelio‐
rate Th1‐ or Th17‐mediated autoimmune diseases.2,3 However, the 
effects of MSCs on Th2 cells and Th2‐mediated immune responses 
are not well understood. In addition, the therapeutic potential of 
MSCs in children with autoimmune diseases is rarely studied. In this 
study, we investigated the effect of MSCs on cultured Th2 cells and 
T cells isolated from children with allergic asthma and examined the 
therapeutic potential of MSCs in autoimmune disease by using blood 
samples from pediatric patients.

To study the effect of MSCs on the development of Th2 cells in 
vitro, CD4 T cells were cultured in Th2‐polarizing conditions in the 
presence or absence of MSCs and assayed Th2 cell function after 
5 days of culture. MSCs were isolated from choriodecidual tissues of 
human placenta (denoted as pcMSCs) as described in our previous 
study.4 pcMSCs markedly suppressed the production of interleukin 
(IL)‐4, IL‐5, and IL‐13 and proliferation of Th2 cells (Figure S1A‐C). 
We further investigated the suppression of Th cells already differ‐
entiated to the Th2 phenotype by pcMSCs. We demonstrated that 
pcMSCs downregulated CD25, IL‐4, IL‐5, and IL‐13 expression in Th2 
cells (Figure S1D‐F) and therefore suppressed the activation of Th2 
cells.

Further, we examined whether MSCs exerted a similar effect in 
Th2‐mediated asthma. We collected peripheral blood mononuclear 
cells (PBMCs) from children with allergic asthma. PBMCs were acti‐
vated using anti‐CD3 and anti‐CD28 antibodies in the presence or 

absence of pcMSCs. We determined the activation, proliferation, 
and cytokine production of stimulated T cells. A representative flow 
cytometry analysis of PBMCs is shown in Figure 1A. The suppressive 
effect of pcMSCs on the activation and proliferation of both CD4+ 

and CD8+ T cells was dose‐dependent (Figure 1B‐E). Remarkably, 
the Th2‐cytokine IL‐5 was dramatically reduced in the conditioned 
supernatant of PBMCs by pcMSC coculture and the suppression 
was found even at low MSC‐to‐PBMC ratio (1:80) (Figure 1F). Th1 
and Th17 cytokines (interferon (IFN)‐γ and IL‐17, respectively) were 
also downregulated by pcMSCs (Figure 1G and 1H). In addition, bone 
marrow–derived MSCs (bmMSCs) 5 also suppressed IL‐5 production 
(Figure 1I). The direct effect of MSCs on CD4+ T cells was defined by 
using purified CD4+ T cells (Figure S2). Hence, MSCs suppressed the 
activation, proliferation, and cytokine (especially IL‐5) production of 
T cells isolated from children with allergic asthma. Our results were 
consistent with the previous study,6 which showed that bmMSCs 
suppress the proliferation of PBMCs isolated from adult allergic 
asthmatic patients and this effect was allergen‐specific. However, 
we also observed a small number of patients whose T cells were not 
reactive under anti‐CD3 and anti‐CD28 antibody stimulation (Figure 
S3, MSC: PBMC = 0). Coculturing these nonreactive T cells with 
pcMSCs promoted their activation, proliferation, and cytokine pro‐
duction (Figure S3). Hence, apart from this exception, we inferred 
that MSCs could suppress the activation, proliferation, and cytokine 
(especially IL‐5) production of T cells isolated from children with  
allergic asthma.

We then studied the therapeutic potential of MSCs in pediat‐
ric autoimmune diseases. We isolated PBMCs from children with 
Henoch‐Schönlein purpura (HSP), juvenile idiopathic arthritis (JIA), 
and systemic lupus erythematosus (SLE). We found that pcMSCs 
did not have a consistent influence on the activation, proliferation, 
and cytokine production of T cells isolated from children with auto‐
immune diseases (Figure 2). This was not consistent with previous 
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Abbreviations: CFSE, carboxyfluorescein succinimidyl ester; MSCs, mesenchymal stem 
cells; PBMCs, peripheral blood mononuclear cells; pcMSCs, placenta choriodecidual 
tissue MSCs.
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F I G U R E  1   pcMSCs suppressed 
activation, proliferation, and cytokine 
production of T cells from childhood 
allergic asthma. PBMCs from children 
with allergic asthma were labeled with 
CFSE, activated with anti‐CD3 and anti‐
CD28 Abs, and cocultured with pcMSCs 
for 72 h. (A‐E) Activation (represented 
as CD25+) (B, C) and proliferation 
(represented as dilution of CFSE) (D, E) of 
CD4+ and CD8+ T cells were assessed by 
flow cytometry. A representative analysis 
of flow cytometry. (A). Supernatant (F) 
IL‐5, (G) IFN‐γ, and (H) IL‐17 were detected 
by ELISA. Each symbol represents an 
individual patient (n = 16). (I) PBMCs 
from five patients were activated and 
cocultured with pcMSCs or bmMSCs 
for 72 h. Supernatant IL‐5 was detected. 
**P < 0.01 and ***P < 0.001 compared to 
0 group
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studies which reported that MSCs would abrogate a variety of au‐
toimmune diseases,2,3 although the patients in these studies were 
adults. There are limited reports on usage of MSC for treating au‐
toimmune diseases in children. One study stated that MSCs induce 
and not suppress the polyclonal expansion and differentiation of 
B cells isolated from pediatric SLE patients.5 We assumed that the 

differential nature of autoimmune diseases in children and adults 
might contribute to the difference in immunomodulatory effects 
of MSCs.

To test the effect of pcMSCs on low‐reactive T cells above com‐
mented, we obtained low‐reactive T cells by reducing the plating 
density of PBMCs from healthy subjects. We observed that the 

F I G U R E  2   pcMSCs did not display apparent immunosuppressive effect on T cells in children with autoimmune diseases. CFSE‐labeled 
PBMCs (A‐C) or purified CD4+ T cells (D) from patients with Henoch‐Schönlein purpura (HSP), juvenile idiopathic arthritis (JIA), or systemic 
lupus erythematosus (SLE) were activated with anti‐CD3 and anti‐CD28 Abs and cocultured with pcMSCs for 72 h. Activation and 
proliferation of CD4+ and CD8+ T cells as well as production of cytokines IFN‐γ and IL‐17 were determined. Each symbol represents an 
individual patient. n = 10 for HSP; n = 10 for JIA; and n = 4 for SLE. *P < 0.05 compared to 0 group
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proliferation, activation, and IFN‐γ production of low‐reactive T 
cells were markedly elevated after coculturing with pcMSCs (Figure 
S4A). These results revealed that the immune‐enhancing effect of 
pcMSCs was solely dependent on the low‐reactive status of T cells 
and not on the specific disease of patients. Moreover, pcMSCs could 
not enhance the function of resting PBMCs which were not stimu‐
lated with anti‐CD3 and anti‐CD28 antibodies (data not shown). As 
reported previously, MSCs could promote T‐cell proliferation at re‐
duced stimulation strength.7 In addition, low levels of environmental 
IFN‐γ enhance the antigen‐presenting ability of MSCs and exacer‐
bate inflammatory responses.8 Hence, the immune‐enhancing effect 
of MSCs is dependent on the reactive status of T cells and not on the 
defective T cells in patients.

Previous reports suggested that IFN‐γ and tumor necrosis factor 
(TNF)‐α pretreatment strengthens the immunosuppressive capa‐
bility of MSCs.9 We speculated whether the IFN‐γ and TNF‐α pre‐
treatment could counter the immune‐enhancing effect of pcMSCs 
on low‐reactive T cells. We found that IFN‐γ and TNF‐α–pretreated 
pcMSCs did not abrogate the immune‐enhancing effect of pcMSCs. 
In contrast, notably increase in activation and proliferation of T cells 
was observed at 1:10 of IFN‐γ and TNF‐α–pretreated pcMSC‐to‐
PBMC ratio (Figure S4B).

We then investigated the possible mechanism of T‐cell suppres‐
sion by pcMSCs. We found pcMSCs did not induce the apoptosis of T 
cells (Figure S5A). Neither cell‐cell interactions nor IL‐10 was critical 
for the suppressive function of pcMSCs (Figure S5B and S5C). These 
results suggested the involvement of other factors in the immuno‐
suppressive function of pcMSCs on T cells.

In summary, we demonstrated that pcMSCs could suppress in 
vitro the differentiation and function of Th2 cells. Moreover, pcM‐
SCs suppressed the activation, proliferation, and cytokine pro‐
duction of T cells isolated from children with allergic asthma. In 
contrast, pcMSCs could not suppress T cells isolated from pediatric 
autoimmune disease patients. However, pcMSCs displayed an un‐
expected immune‐enhancing effect on low‐reactive T cells, which 
could not be neutralized by IFN‐γ and TNF‐α pretreatment. Hence, 
pcMSCs might have the potential to treat high‐reactive T cells from 
children with allergic asthma, but their immune‐enhancing effect 
should be carefully evaluated. The limitation of this study was we 
have not performed the study directly on the patients.
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Eliciting allergens and treatment of anaphylaxis: Report of the 
finnish national anaphylaxis registry

To the Editor
Anaphylaxis is the most severe form of an allergic reaction. The 
Finnish National Anaphylaxis Registry has been collecting data of 
severe allergic reactions since year 2000.1 Here, we summarize a 
total of 1442 reported anaphylactic cases between 2000 and 2017 
and identify and report changes in provoking agents as well as char‐
acterize the symptoms and treatments over the full Registry period.

The data are based on voluntary reports of systemic allergic reac‐
tions filed by hospital personnel and covering the Finnish population 
of 5.5 million people. A questionnaire or an online electronic form 
was used for reporting. Children (<16 years) represented 663 (46%) 
cases (Table 1) with the highest frequency of reports (336 cases, 23%) 
accumulating from small children under school age (<6 years) (Figure 
S1). Males accounted the majority (61%) of anaphylactic reports in 
children, whereas females dominated among adults (64%) (Figure S1).

The most frequently reported provoking allergens were foods 
(811 cases, 56%), drugs (365 cases, 25%), and insect venoms (90 
cases, 6%) in concordance with earlier reports of anaphylactic elici‐
tors.2,3 However, the Finnish Anaphylaxis Registry revealed signifi‐
cantly less reported cases due to insect stings both in children and 
adults compared to the European Anaphylaxis Registry (Figure 1A).2 
Furthermore, severe allergic reactions due to immunotherapy were 
reported in 121 (8%) cases. Other causative agents were involved in 
48 (3%) patient cases, and without knowledge of a potential trigger‐
ing allergen anaphylaxis affected 21 (1.5%) patients.

Food triggered 502 (76%) anaphylaxis in children, of which the six 
most frequent elicitors remained the same over the Registry period 
(ie milk, wheat, eggs, nuts, fruits, and fish). Intriguingly, the amount 
of anaphylaxis due to nuts significantly increased during the past 
5 years, mostly due to increase in reported cases with peanut and 
cashew nut (Figure S2A,B). The increase in nut exposure and in par‐
ticularly cashew could be explained by increase in importation and 
simultaneous decrease in retail price.4 Furthermore, cashew has be‐
come a substituting nut for more expensive nuts or seeds in many 
foods, hence, providing cause for accidental exposures. Nonetheless, 

no increase in nut‐provoked anaphylaxis in adults was observed. A 
total of 134 (27%) cases of food‐triggered anaphylaxis in children 
were due to accidental exposure to a known allergen. To that end, 
we analyzed the places of accidental food exposures and noticed de‐
crease in events in daycare centers or schools and increase at home 
and leisure time (Figure S2C). Overall, the food‐triggered anaphylaxis 
among pediatric patients occurred mostly at private homes (47%), 
daycare centers and schools (16%), and leisure time (14%). These data 
indicate slightly higher frequency of anaphylaxis in daycare centers 
and schools compared to earlier European reports.5 Most likely, the 
differences in warm meal catering services for children between 
European countries play a significant role in the observation.

In adults, the most common causes of anaphylaxis were foods 
(39%) and drugs (39%) (Table 1). Nuts, fruits, and wheat were the 
most reported food elicitors, and antibiotics, contrast media, and an‐
algesics were the most frequent drug elicitors (Table 1). No significant 
changes in eliciting allergens, location of anaphylaxis events, or symp‐
toms were observed among adult patients during the Registry period.

Insect venom caused 38 (6%) anaphylaxis in children and 53 
cases (7%) in adults. Anaphylaxis due to bee sting was rare (0% in 
children and 0.5% in adults). The lower frequency of hymenoptera 
anaphylaxis compared to European reports5 may be due to shorter 
summers or differences in the colliding habitats of the insects and 
humans in countries with low population density. A recent registry‐
based report on anaphylaxis associated deaths in Finland, however, 
identified hymenoptera venoms as major cause of fatal cases.6 Only 
one report of fatal hymenoptera anaphylaxis was collected to the 
Registry, indicating a significant lack of reports from the fatal cases.

Therapeutic allergen products comprised 8% of the reported cases 
in the Registry. Immunotherapy (IT) to birch pollen was better toler‐
ated than timothy (Table 1). Only 2 cases of anaphylaxis due to hyme‐
noptera IT were reported. No reports of Sublingual IT were received.

Symptoms in skin and in respiratory system were involved in 
most cases (87% and 79%, respectively). Most frequent allergic 
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Methods

MSCs

MSCs were isolated from choriodecidual tissues of human placentas, denoted as pcMSCs, as

described in our previous study 1. To isolate pcMSCs, choriodecidual tissues were digested with

SMEM medium supplemented with 0.5 mg/mL protease, 0.5 mg/mL collagenase B, and 1

mg/mL DNase I at 4 °C overnight. The digested tissue was filtered through a 100-μm nylon

membrane and cells were collected by centrifugation. The cells were subsequently re-suspended

in culture medium (MCDB201 supplemented with 1% insulin transferrin selenium, 10 ng/mL

epidermal growth factor, and 1% penicillin/streptomycin) and planted in culture dishes coated

with human collagen type IV. Non-adherent cells were removed and the adherent cells were kept

in the culture medium changed every 3–4 days. pcMSCs were displayed fibroblast-like

morphology after attachment and showed positive surface staining for CD29, CD44, CD73 and

CD90 but negative surface staining for CD14, CD34, CD45 and HLA-DR. In vitro assays for

osteogenic, chondrogenic, and adipogenic differentiation of the cells all showed positive signals

when stained with Alizarin Red S, Alcian Blue, and Oil Red O, respectively 1.

Study subjects

Heparinized peripheral blood samples from 31 patients with allergic asthma (16 boys and 15

girls, mean age 5.9 years, serum total IgE 651.3 ± 234.6 KU/L), 10 patients with Henoch

Schönlein purpura (HSP) (7 boys and 3 girls, mean age 7.2 years), 10 patients with juvenile

idiopathic arthritis (JIA) (7 boys and 3 girls, mean age 12.6 years), 4 patients with systemic lupus

erythematosus (SLE) (4 girls, mean age 10.3 years) and 19 healthy individuals (8 males and 11

females, mean age 23 years) were studied. The blood samples of patients were obtained at the

acute stage and before steroid or other immunosuppressants treatment. Studies were performed

with approval from the Institutional Review Board on human subjects (N201801037 at Taipei

Medical University and 201412133RINC at National Taiwan University) and conducted in

accordance with the Declaration of Helsinki. All persons gave their informed consent prior to

their inclusion in the study. Human peripheral blood mononuclear cells (PBMCs) was isolated

from heparinized whole blood by density gradient centrifugation using Histopaque (Sigma-

Aldrich, St. Louis, MO, USA).
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Mouse Th2 cell differentiation assay

BALB/c mice were obtained from the National Laboratory Animal Center, Taiwan and

maintained in the Animal Center of the College of Medicine, National Taiwan University.

Experiments were performed following approval of The Institutional Animal Care and Use

Committee (IACUC) of National Taiwan University College of Medicine and College of Public

Health (No. 20150298). CD4+ T cells were isolated form lymph nodes of 6-8 weeks old female

BALB/c mice by positive selection with a microbead conjugated mAb to CD4 (clone GK1.5) by

IBD (BD Biosciences, San Diego, CA, USA). CD4+ cells (1x106 cells/well) were stimulated with

coating anti-mouse CD3 Ab (2 μg/ml, BD Biosciences) and soluble anti-mouse CD28 Ab (2

μg/ml, BD Biosciences) in the presence of recombinant IL-2 (100 U/ml) (Peprotech Inc., Rocky

Hill, NJ, USA), recombinant IL-4 (10 ng/ml) (BD Biosciences) and anti-mouse IFN-γ Abs

(10µg/ml, Biolegend, San Diego, CA, USA) on a 48-well plate for the Th2 cell differentiation.

After 5 days of culturing in Th2-polarizing conditions, cells became Th2-polarizing cells 2.

According to the experimental design, pcMSCs were added before or after Th2 cell culture

protocol. Proliferation, activation, and cytokine production of Th2 cells cultured with or without

pcMSCs were analyzed, as described below.

T cell functional assay

Cells were labeled with 5μM carboxyfluorescein succinimidyl ester (CFSE) for 5 min prior to

culture for visualizing cell proliferation. CFSE is retained in the cytoplasm and diluted out with

each cell division, and thus allows tracking of cell divisions in cultured cells by flow cytometry.

CFSE labeled mouse Th2-polarizing cells, human PBMCs or human CD4+ T cells (2x105/well in

96 flat well) were stimulated with anti-mCD3 Abs and anti-mCD28 Abs for mouse T cells or

anti-hCD3 Abs and anti-hCD28 Ab for human T cells (0.5 μg/ml, Biolegend) in the presence or

absence of different numbers of pcMSCs. Three days later, CFSE dilution and CD25 expression

of T cells were determined by flow cytometry for proliferation and activation status of T cells.

Stained cells were assessed on the BD FACSVerse instrument (BD Biosciences) and FlowJo

software (Tree Star, Inc., Ashland, OR, USA). 30000-50000 gated lymphocytes were analyzed.

A representative analysis of flow cytometry was shown in Figure 1A. Supernatant cytokines

were assayed by commercially available ELISA kits (Duoset; R&D Systems, Minneapolis, MN,

USA). For the study of IL-10, 5 μg/ml anti-human IL-10R Abs (Biolegend) were used.
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Intracellular cytokines staining

For the assay of IL-4 production of mouse Th2-polarizing cells, Th2-polarizing cells were treated

with 50 ng/ml phorbol-myristate acetate (PMA, Sigma Aldrich) and 1 μg/ml ionomycin (Sigma

Aldrich) in the presence of brefeldin A (10 g/ml) (BD Biosciences) for 4 hours, followed by

staining with fluorescence-labeled anti-CD3 and anti-CD4 Abs (Biolegend), permeabilized with

Cytofix/Cytoperm reagent (BD Biosciences), and stained with anti-IL-4-PE Abs. Stained cells

were assessed on the BD FACSVerse instrument (BD Biosciences) and FlowJo software (Tree

Star).

Statistical analysis

Results are expressed as the mean ±standard error of the mean (SEM). Statistical significance

between two groups was determined by the paired Student t test, whereas statistical differences

between multiple groups were determined by repeated measured one way ANOVA with Tukey

post-test analysis. Differences were considered significant when P values were <0.05.
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Figure S1. pcMSCs inhibit differentiation and function of Th2 cells. (A-C) CD4+ T cells isolated

from BALB/c mice were labeled with CFSE, and cocultured with pcMSCs in Th2-polarizing

conditions for 5 days. (A)  Proliferation of Th2-polarizing cells was assessed by flow cytometry

at the end of the 5-day culture. (B) Th2-polarizing cells were collected and stimulated with

phorbol-myristate acetate (PMA) and ionomycin for 4 hours, and IL-4 expression was measured

by intracellular flow cytometry. (C) Th2-polarizing cells were collected and stimulated with anti-

CD3 and anti-CD28 Abs for 24 hours, and supernatants IL-4, IL-5, and IL-13 were measured by

ELISA. (D-F) CD4+ T cells isolated from BALB/c mice were cultured in Th2-polarizing

conditions for 5 days. Th2-polarizing cells were then activated with anti-CD3 and anti-CD28

Abs and cocultured with pcMSCs for 3 days. (D) CD25 expression was measured by flow

cytometry. (E) Cells were further stimulated with PMA and ionomycin for 4 hours, and IL-4

expression in T cells was measured by flow cytometry. (F) Supernatants IL-4, IL-5, and IL-13

were assessed by ELISA. Individual symbols represent an independent experiment with 1-3 mice

per experiment and the horizontal lines represent the mean values of 3-4 independent

experiments. *, p<0.05; **, p<0.01; ***, p<0.001 compared to 0 group.
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Figure S2. pcMSCs directly suppressed the function of CD4+ T cells from patients with allergic

asthma. CD4+ cells were purified by magnetic beads, stimulated with anti-CD3 and anti-CD28

Abs in the presence or absence of pcMSCs for 72 hrs. (A) Activation and (B) proliferation of

CD4+ T cells were assessed by flow cytometry. (C) Cytokines IL-5, IFN-γ, and IL-17 were

detected by ELISA. Symbols represent individual subjects, and horizontal lines represent means

of 5 subjects. *, p<0.05; **, p<0.01; ***, p<0.001 compared to 0 group.

Figure S3. pcMSCs enhanced the function of low responder T cells from children patients with

allergic asthma. CFSE-labeled PBMCs from pediatric patients with allergic asthma were
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activated with anti-CD3 and anti-CD28 Abs and cocultured with pcMSCs for 72 hrs. (A) A

representative analysis of flow cytometry. (B) Activation and (C) proliferation of CD4+ and

CD8+ T cells were assessed by flow cytometry. (D) Cytokines IL-5, IFN-γ, and IL-17 were

detected by ELISA. Each symbol represents an individual patient (n=5). *, p<0.05; **, p<0.01

compared to 0 group.

Figure S4. pcMSCs enhanced low-

reactive T cells and the effect could

not be prevented by IFN-γ and TNF-α

pretreatment. (A) PBMCs from

healthy donors in 1/4 cell density

(5x104/well in 96 well plate) were

activated with anti-CD3 and anti-

CD28 Abs and cocultured with

pcMSCs for 72 hrs. Proliferation and

activation of CD4+ and CD8+ T cells

and IFN-γ were assayed. *, p<0.05; **,

p<0.01; ***, p<0.001 compared to 0

group. (B) pcMSCs were pretreated

with IFN-γ and TNF-α (10ng/mL each)

for 8 hours. PBMCs were then

cocultured with pretreated pcMSCs in

the condition described as in (A). Each

symbol represents an individual

subject. n=13 (A) and n=6 (B). *,

p<0.05; **, p<0.01; ***, p<0.001

compared to 0 group.
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Figure S5. Suppression of T cells by pcMSCs was not dependent on cell-cell contact, apoptosis,

or IL-10. PBMCs isolated from children with allergic asthma were activated with anti-CD3 and

anti-CD28 Abs and cocultured with pcMSCs for 72 hrs. (A and B) Apoptotic CD4+ and CD8+ T

cells were stained with annexin V and determined by flow cytometry. A representative analysis

of flow cytometry was shown in (A). Each symbol represents an individual subject. (C and D)

(C) PBMCs and pcMSCs were cocultured in the same well (labeled contact) or separated by a

transwell (labeled transwell). N=10 subjects. (D) Anti-IL-10R blocking Abs were added in the

culture platform. N=4 subjects. pcMSCs /PBMCs ratio was 1:10. Activation and proliferation of

CD4+ and CD8+ T cells were assessed by flow cytometry. The data represents the fold change

comparing the results with PBMCs only control.
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