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Background and Objectives: Many preclinical studies have been conducted using animal disease models to determine
the effectiveness of human mesenchymal stem cells (hMSCs) for treating immune and inflammatory diseases based
on the belief that hMSCs are not immunogenic across species. However, several researchers have suggested xenogeneic
immune responses to hMSCs in animals, still without detailed features. This study aimed to investigate a xenogeneic
humoral immune response to hMSCs in mice in detail.

Methods and Results: Balb/c mice were intraperitoneally injected with adipose tissue-derived or Wharton’s jelly-derived
hMSCs. Sera from these mice were titrated for each isotype. To confirm specificity of the antibodies, hMSCs were
stained with the sera and subjected to a flow cytometic analysis. Spleens were immunostained for proliferating cell
nuclear antigen to verify the germinal center formation. Additionally, splenocytes were subjected to a flow cytometric
analysis for surface markers including GL-7, B220, CD4, CD8, CD44, and CD62L. Similar experiments were repeated
in C57BL/6 mice. The results showed increased IgG; and IgGg, titers in the sera from Balb/c mice injected with hMSCs,
and the titers were much higher in the secondary sera than in the primary sera. These antibodies were specifically
stained the hMSCs. Germinal centers were observed in the spleen, and flow cytometric analysis of the splenocytes
showed higher frequencies of centroblasts (B220" GL7 ") and memory T cells (CD62L" CD44 ") both in CD4" and
CD8™ subsets. Similar results were obtained for C57BL/6 mice.

Conclusions: hMSCs induced a humoral immune response in mice, with characters of T cell-dependent immunity.
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As multipotent, self-renewing adult stem cells, mesen-
chymal stem cells (MSCs) can differentiate into a variety
of specialized tissue cells such as chondrocytes (1), osteo-
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cytes (2), hepatocytes (3), and neuronal cells (4), which
warrants the application of these cells in regenerative
medicine. Besides, MSCs also have been considered to be
used in the treatment of chronic inflammatory or immune
diseases such as graft-versus-host disease (5), rheumatoid
arthritis (6), chronic colitis (7), and so on, because they
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exert anti-inflammatory and immunosuppressive activities
®).

In addition to the above-mentioned diseases, many ex-
periments have been performed using animal disease mod-
els for many other disorders, including stroke, diabetes
mellitus, septic shock, and kidney diseases. Human MSCs
(hMSCs), which are xenogeneic to experimental animals,
have frequently been used in many experiments to eluci-
date the role of hMSCs in disease, based on the belief that
MSCs are not immunogenic across species; successful im-
munosuppressive and anti-inflammatory effects were re-
ported (9).

However, the possibility that the exogenous MSCs, ei-
ther allogeneic or xenogeneic, could yield host immune re-
sponses has been suggested (10), and some investigators
have reported xenogeneic immune response to hMSCs.
Specifically, when peripheral blood mononuclear cells
were isolated from horses injected intra-articularly with
hMSCs and co-cultured with hMSCs, cell-mediated im-
munity occurred with increases in the CD4" T cells num-
ber and IL-6 concentration in the supernatant (11).
Similar results were reported in ischemic heart model rats
(12), both of which implied the provocation of a cellular
immune response against hMSCs. Recently, Hwang et al.
(13) observed that intra-cerebral injection of hMSCs in-
duced high infiltration of CD45-positive leukocytes and
argued that xenogeneic MSCs were “not poorly immuno-
genic” as previously noted. Concerning the humoral im-
mune response, the sera obtained from female NZB/NZW
F1 mice, a representative animal model for lupus, which
were repeatedly injected with hMSCs stained positive for
hMSCs based on flow cytometric analysis (14), indicating
the occurrence of a humoral immune response. However,
no further details have been reported.

In the present study, we clearly identified the presence
of a humoral immune response against hMSCs in mice,
a representative human disease model, and further charac-
terized it in detail.

Materials and Methods

Experimental animals

Male Balb/c and C57BL/6 (B6) mice 6~7 weeks of age
were purchased from OrientBio (Seongnam, Republic of
Korea). The animals were kept at the animal facility of
Seoul National University College of Medicine under spe-
cific-pathogen-free conditions. All animal experiments
were approved by the JACUC of Seoul National University
(SNU-170612-2).

Human mesenchymal stem cells (hMSCs)

Two types of hMSCs were used in the present study.
Adipose tissue-derived MSCs (Ad-MSCs) were prepared
and characterized as described previously (15). Briefly,
450 ml MSC basal medium (Lonza, Walkerville, MD,
USA) was supplemented with 50 ml mesenchymal cell
growth supplement (Lonza), 10 ml L-glutamine (Lonza),
and 0.5 ml gentamicin sulfate (30 mg/ml) and amphoter-
icin-B (15 xg/ml) mixture (GA-1000, Lonza), and used
for Ad-MSC culture. Wharton’s jelly-derived MSCs
(UC-MSCs) were gifted by professor Jo et al. (16) and
maintained in low-glucose DMEM (Hyclone, South
Logan, UT, USA) supplemented with 10% fetal bovine se-
rum (Hyclone), 100 U/ml penicillin, 100 zg/ml strepto-
mycin, and 0.25 xg/ml amphotericin (Welgene Inc.,
Gyeongsan, South Korea).

Characterization of the MSCs were performed pre-
viously for the expression of surface markers including
CD29, CD34, CD44, CD45, CD90, CD105, and CD117
and for the lineage differentiation capacity to adipocytes,
chondrocyes, and osteoblasts in our previous experiments
using the same stalk of MSCs to this experiment (15, 17,
18 for Ad-MSCs and 18 for UC-MSCs), the results of
which indicated that the cells were mesenchymal stem
cells. For this experiment, frozen stalks of these cells from
passage 5~6 were thawed, plated at a cell density of
1x10° cells/T75 flask, and cultured until sub-confluency
when the cells were harvested with trypsinization and pre-
pared for injection.

Mice were injected intraperitoneally on days 1 and 31
with 1x10° naive or activated Ad-MSCs or UC-MSCs
from passage 7~8 in 100 «1 PBS. Sera were obtained on
days 0, 10, and 38 from the orbital plexus under anes-
thesia, and the mice were sacrificed on day 38. The num-
ber of mice in each experimental group was eight. Another
eight mice of the same age were used as the control group,
which were injected only with PBS. For activation, hMSCs
were treated with 10 ng/ml human IFN-7y (PeproTech,
Rocky Hill, NJ, USA) for 72 h. The study protocol was
approved by the Institutional Review Board of Seoul
National University (SNU-J-1511-005-715).

Enzyme-linked immunosorbent assay (ELISA)

The antibody titer in the serum was measured using
ELISA. The 96-well ELISA plate was coated with goat an-
ti-mouse total immunoglobulin (Ig; M6149, Sigma, St.
Louis, MO, USA) at 3.75 #g/100 w1 PBS per well and
then blocked in 1% skim milk. Serum samples were dupli-
cated, serially diluted four-fold, and incubated for 2 h at
room temperature (RT). Then, the plate was incubated
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with alkaline phosphatase-conjugated secondary antibodies
at a 1 : 1,000 dilution (0.5~1 £g/100 «1 PBS per well)
for 1 h at RT, followed by a color reaction with 1 mg/ml
p-nitrophenyl phosphate substrate (Sigma). The absorb-
ance was measured at 405 nm using a spectrophotometer
(Molecular Devices Co., Sunnyvale, CA, USA). The anti-
body titers in the serum were calculated relative to the val-
ues in a standard serum sample drawn from mice seconda-
rily immunized with Keywhole limpet hemocyanin (KLLH)
in a previous study. In the B6 sera, IgG,. instead of IgGa,
titers were measured (19). For the measurement of abso-
lute concentrations of IgG; and IgGz,, standards of known
concentration were used: mouse IgG;, kappa (MOPC 21,
Sigma, M-9269; 1 mg/ml) and anti-p-ERK (E-4) mouse
monoclonal IgG,, (Santa Cruz, SC-7383; 200 12g/ml). The
secondary antibodies used were as follows: goat anti-
mouse Ig (H+L) (1010-04), IgG; (1070-04), IgGz. (1080-04),
IgGax (1090-04), IgGye (1079-04), IgGs (1100-04), and IgM
(1020-04) (all from Southern Biotech, Birmingham, AL,
USA).

Immunostaining of the spleen for proliferating cell
nuclear antigen (PCNA)

Half of the spleen obtained at the time of sacrifice was
fixed in methacarn solution (methanol : chloroform : ace-
tic acid=6 : 3 : 1) for 24 h, processed, and embedded in
paraffin. Samples were sliced into 4- #m thick sections,
deparaffinized, and treated with 3% H,O; (in methanol)
for 15 min to block endogenous peroxidases. Sections were
incubated with biotinylated anti-mouse PCNA antibody
(BioLegend, San Diego, CA, USA; 1 : 100 dilution) over-
night at 4°C and then avidin-biotinylated HRP complex
(Elite/Vectastain ABC kit, PK6100, Vector Laboratories,
Burlingame, CA, USA; 1 : 50 dilution) for 1 h at RT. The
color reaction was performed using 3,3’-diaminobenzidine
(D8001, Sigma) for 5 min at RT.

Flow cytometric analysis

The other half of the spleen was minced using ground
glasses. The cells were treated with RBC lysis buffer
(Sigma) and washed twice with PBS to obtain the sple-
nocytes. Cells were stained with 1 :200 dilutions of
Alexa647-anti-GL7 (561529), Bv786-anti-B220 (563894),
Bv650-anti-CD4  (563232), APC-cy7-anti-CD8 (561967),
PE-CD44 (553134) and/or Bv421-anti-CD62L (562910)
antibodies (all from BD Biosciences, San Jose, CA, USA)
for 30 min at 4C and subjected to flow cytometric analy-
sis using LSRFortessa (BD Biosciences).

To confirm the presence of antibodies specific to
hMSCs, naive or activated UC-MSCs or Ad-MSCs were in-

cubated with sera from each experimental group at a dilu-
tion of 1:100 or 1:1,000 for 1 h, at 4C, and then with
Alexa488-goat anti-mouse IgG antibody (Invitrogen, Camarillo,
CA, USA; 1 : 200 dilution). The stained cells were analyzed
on the BD LSRFortessa™ (BD Biosciences) instrument
using FACSDVivaTM software, and the data were analyzed
using FIOWJO® software (TreeStar, Ashland, OR, USA).

Statistical analysis

Statistical analysis was performed using the Kruskal-
Wiallis H test and Dunn’s multiple comparison test with
SPSS 12.0 for Windows (SPSS, Chicago, IL, USA). A
p-value<0.05 was considered to indicate statistical signi-
ficance.

Results

Antibody titrer in the sera from mice injected with
hMSCs was increased, mainly due to the increase of
IgG: and IgGz. sotype titers

In sera of Balb/c mice obtained 10 days after the first
injection of hMSCs (i.e., primary serum), the total Ig titer
was increased in all experimental groups (Fig. 1), even
though only the naive Ad-MSC-injected group secured
statistical significance compared to the control group.
This increase was due mainly to increased IgG; and IgGa,
titers. IgGa and IgGs titers in the experimental groups did
not change compared with the control. The IgM titer was
decreased compared with the control but not significantly.

After the second injection, the serum (i.e., secondary se-
rum) total Ig titer was increased (Fig. 2A). Similar to the
primary serum, this was due to increases in the IgG; and
IgGa, titers, and the other isotype antibodies did not show
any significant changes (data not shown). The absolute
concentrations of the IgGz, and IgG; titers were increased
approximately 6- and 54-fold, respectively, compared with
the control (Fig. 2B, Table 1).

The sera from mice injected with hMSCs
surface-stained the hMACs

Even though the titers of total Ig, IgGi, and IgG2, were
increased in all experimental groups compared to the con-
trol group, some lacked statistical significance. Thus, we
need to verify whether specific antibodies to the injected
hMSCs were developed in the mice. For this purpose, we
stained hMSCs with the secondary sera from each ex-
perimental group and analyzed using flow cytometry. The
sera from all experimental groups were positive for both
UC-MSCs and Ad-MSCs, irrespective of naive or activated
(Fig. 3). Meanwhile, the control sera minimally stained the
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Fig. 1. Elevated serum immunoglobulin titers after primary injection of human MSCs. Mouse blood was drawn 10 days after intraperitoneal
injection of human MSCs and sera were obtained. Titration was done by ELISA using a standard serum which had been drawn from seconda-
rily immunized mice with KLH in previous studies. *p<0.05 and **p<0.01 vs. the control.
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Fig. 2. Elevated serum immunoglobulin titers after secondary injection of human MSCs. Mice were injected with human MSCs on days
1 and 31, and blood samples were obtained seven days after the second injection. ELISA was performed with each sample duplicated
using (A) KLH-immunized serum or (B) purified mouse 1gG; or 1gG.. antibodies of known concentration as a standard. *p<0.05, **p<0.01,
and ***p<0.001 vs. the control.
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Table 1. Absolute concentrations of Ig isotypes in the secondary sera of Balb/c mice

Control nUC-MSC aUC-MSC nAd-MSC aAd-MSC
1gGi «g/ml (fold increase) 239 2158.5 (90.3) 5343.2 (223.6) 1303.6 (54.5) 5958.1 (249.3)
18Goa 12g/ml (fold increase) 8.9 50.8 (5.7) 53.2 (6.0 51.9 (5.8 58.1 (6.5)

nUC-MSC: naive UC-MSC, aUC-MSC: activated UC-MSC, nAd-MSC: naive Ad-MSC, aAd-MSC: activated Ad-MSC.
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Fig. 3. Surface staining of human MSCs using mice sera. Human UC-MSCs, either naive or activated, were stained with secondary sera
from mice injected with naive or activated hUC-MSCs (A). Likewise, hAd-MSCs, either naive or activated, were stained with secondary
sera from mice injected with naive or activated hAd-MSCs (B). Stained cells were analyzed by flow cytometry. Colored graphs represent
those stained with each serum, and the black one represents that stained only with a secondary serum. The mean median fluorescent

intensity (MFI) values are summarized in Table 2.

Table 2. Median fluorescent intensity (MFI) values

Stained cells
Ratio
nUC-MSCs aUC-MSCs nAd-MSCs aAd-MSCs
Sera from mice nUC-MSCs (n=6) 252.8 (+222.1) 243.1 (+223.5) - - 90.3 (+11.6)
injected with... aUC-MSCs (n=8) 323.0 (+121.5) 449.5 (+145.9) - - 143.2 (+24.8)
nAd-MSCs (n=6) - 412.6 (£272.1) 427.6 (+£271.8) 106.6 (+7.1)
aAd-MSCs (n=8) - 553.7 (+157.8) 660.0 (+181.3) 120.4 (+16.9)

Numbers are mean+SD.

nUC-MSC: naive UC-MSC, aUC-MSC: activated UC-MSC, nAd-MSC: naive Ad-MSC, aAd-MSC: activated Ad-MSC.

cells (Supplementary Fig. S1), which indicated the specif-
icity of the staining by the experimental sera. Notably, al-
though sera from mice injected with naive hMSCs showed
similar staining intensities between naive and activated
hMSCs, sera from mice injected with activated hMSCs
showed more intense staining in the activated than naive
cells (Table 2). This tendency was more prominent in the
UC-MSC-injected groups (143.2% in UC-MSCs, p=0.046;
120.4% in Ad-MSCs, p=0.208).

Germinal centers were generated in the spleen as
revealed by immunostaining for PCNA and FACS
analysis of the splenocytes for their surface markers
In addition to the increase of serum antibody titers, im-
munohistochemical staining of PCNA, which is present in
dividing cells, in the spleen showed germinal centers in
hMSC-injected Balb/c mice (Fig. 4). However, no differ-
ence in the frequency of germinal centers between the
Ad-MSC- and UC-MSC-injected groups was observed. In
addition, flow cytometric analysis of splenocytes showed
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Fig. 4. Germinal center formation in
the mouse spleen. Spleens from each
group of second injection experi-
ment were immuno-stained for pro-
liferating cell nuclear antigen, which
stained proliferating B cells in the
germinal centers. All the spleens show
germinal centers (arrows), but no dif-
ferences in the frequency were ob-
served among groups. Magnification;
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Table 3. Relative concentrations of Ig isotypes in the sera of B6 mice
Control nUC-MSC aUC-MSC nAd-MSC aAd-MSC
18G4 Ratio to standard (fold increase) 0.304 0.804 (2.6) 1.082 (3.6) 1.743 (5.7) 2.186 (7.2)
IgGoc  Ratio to standard (fold increase) 0.296 0.903 (3.1) 1.04 (3.5) 0.994 (3.4) 3.027 (10.2)

NUC-MSC: naive UC-MSC, aUC-MSC: activated UC-MSC, nAd-MSC: naive Ad-MSC, aAd-MSC: activated Ad-MSC.

an increased frequency of GL7" germinal center B cells
at the time of sacrifice (Supplementary Fig. S2). In both
CD4" and CD8" T cells, the frequencies of effector (CD62L~
CD#4™) and memory cells (CD62L"CD44™) were increased
(Supplementary Fig. S3 and S4). However, no difference
was observed between the Ad-MSC- and UC-MSC-injected
groups.

Similar results were obtained from C57BL/6 mice
In addition to Balb/c mice, similar experiments were
performed in B6 mice; however, only secondary sera were
analyzed. ELISA showed increased titers of total Ig, IgGi,
and IgG. in all groups compared with the control, similar
to the Balb/c mice. The titers of both isotypes were in-
creased similarly compared with the control (Table 3). In
contrast to the Blab/c mice, the IgM titer was also in-
creased in all experimental groups (Fig. 5). The sera
stained hMSCs similar to the sera from Balb/c mice.

Discussion

In the present study, it was investigated whether hMSCs
elicit xenogeneic humoral immune responses when in-

jected into mice. In Balb/c mice, injection of hMSCs in-
creased the IgG; and IgGy, titers, which were higher in
the secondary sera than in the primary sera. The sera
stained hMSCs, as revealed by flow cytometric analysis,
indicating that the increased antibodies were specific to
hMSCs. Additionally, the frequency of GL7" centroblasts
and PCNA immunostaining showed germinal center for-
mation in the spleen. When the same experiments were
performed in B6 mice, similar results were obtained.
Both in Balb/c and B6 mice, IgG; and IgGa, (IgGa. in-
stead of IgGz, in B6 mice) were increased among the Ig
isotypes evaluated. However, a difference in the profiles
was observed between the two strains. In the secondary
sera of Balb/c mice, the IgG titer increased significantly
more, from 54- to 250-fold relative to the control group,
than did the IgGy, titer (approximately 6-fold) (Table 1).
However, the fold increases in the two isotypes were sim-
ilar in B6 mice (Table 3). It is well known that IFN-7,
a Thl type cytokine, and IL-4, a Th2 type cytokine, recip-
rocally drive the production of IgG,, and IgGi; thus the
isotypes represent Thl and Th2 humoral immune re-
sponses, respectively (20). Also known is that Balb/c and
B6 mice are Th2 and Thl prone, respectively (21). Thus,



Jun-Man Hong, et al: Xenogeneic Immune Response to Human MSCs

297

A TOtEI lg 19G, . Sera from naive hUC-MSC-injected BE mice
3 i 8
@ . ) 2 Naive UC-MSC  Activated UC-MSC
@ | # . @
£2 R *
g o & 24 » 1~3
2 @223 2 .
< s ®P & o2 . T My
[ o AT m o + & & ¥ E|f
¢ P = - 3 H R
: : : [SH S— i
Anti-hUC-MSC-FITC
Ig§32c & IgM Sera from naive hAd-MSC injected B6 mice
10 1 2
0 * E EE Naive Ad-MSC Activated Ad-MSC
E * 1‘3 < * 3 5 1-3
E - 1-3
=] o P 3
g 5 =1 = NC
] © 1A i Bl
- * 9 I g' £ {-\ |/
m - '
(14 > P § f ) \ | \W |
e Tt EE S " e 2B 3G I A |
o [ Anti-hAd-MSC-FITC ————————>
P & £ L L < © o b L :
& &N W ¥ & &N N N
& W O - S 5 e N o [ A
o Gy B o
T @ .Q,o@ & & o
i & & ,}S‘
4 ¥ ¥ ¥

Fig. 5. Humoral immune responses against injected human MSCs in C57BL/6 mice. Mice were injected twice with naive hUC-MSCs or
hAd-MSCs on days 1 and 31, and blood samples were drawn on day 38. (A) Sera were obtained and subjected to ELISA for total Ig
and each Ig isotype. (B) hUC-MSCs or hAd-MSCs were stained with the sera from mice injected with hUC-MSCs or hAd-MSCs, respectively,
and subjected to flow cytometric analysis. *p<0.05 and **p<0.01 vs. the control.

the humoral immune response in mice against hMSCs fol-
lowed the Th1/Th2 paradigm. These results, together with
the exaggerated secondary response and the germinal cen-
ter formation reflect the characteristics of T-cell-depend-
ent responses.

At least, several molecules expressed on the hMSC sur-
face likely acted as xenogeneic antigens. The results that
the sera surface-stained hMSCs (Fig. 3) support this
assumption. Furthermore, sera from mice injected with
naive hMSC showed similar staining between naive and
activated hMSCs, whereas sera from mice injected with
activated hMSCs showed more intense staining in acti-
vated than in the naive hMSCs (Fig. 3, Supplementary
Fig. S2, Table 2), which can be interpreted as that new
proteins had expressed on the cell surface of hMSCs fol-
lowing activation and acted as additional antigens. In fact,
IFN-7, used for hMSC activation in the present study,
promotes the expression of several surface molecules such
as HLA-ABC and HLA-DR and secretory molecules in
Ad-MSCs (18), B7-H1 in UC-MSCs (22), and ICAM-1 and
VCAM-1 in Ad- and UC-MSCs (23).

For the production of antibodies to T-cell-dependent
antigens, dendritic cells (DCs) engulf the antigens and
present them to antigen-specific T cells, which then acti-
vate and help antigen-specific B cells proliferate and dif-

ferentiate into plasma cells to secrete antigen-specific
antibodies. MSCs across the species suppressively affect
all of the players in this process, including DCs, T cells,
and B cells. For example, MSCs inhibited the differ-
entiation of DCs from their CD34+ progenitor cells or
monocytes (24). The inhibited DCs expressed decreased
levels of surface molecules such as CD86, CD83, CD80,
HLA-DR, and CD40. MSCs administered in vivo down-
regulated expression of CCR7 and CD49d 51 in DCs,
thus inhibiting the homing of these cells to lymph nodes
(25). hMSCs inhibited murine T-cell proliferation by se-
creting cyclooxygenase-2 (15). Regarding B cells, MSCs ar-
rested the cell cycle in these cells (26) and inhibited differ-
entiation of the cells into plasma cells (27). Thus, it would
be natural to assume that a humoral immune response
against hMSCs would not occur. However, the results of
the present study are contradictory to this assumption. In
fact, this “contradiction” has continuously been suggested
by previous reports; cellular immune responses against in-
tra-articularly injected hMSCs in horses (11) and in-
tra-myocardially injected hMSCs in rats (12), local leuko-
cyte infiltration at the injection site of hMSC in the puta-
men of mice (13). Repeated intravenous injection of
hMSCs in female NZB/NZW F1 mice elicited antibody
formation specific for the xenogeneic MSCs, as well as
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beneficial effects of delaying the onset of the disease (14).
These contradictory results need to be explained, yet no
explanation has been suggested in the previous reports.
Unfortunately, we also have no experimental data to ex-
plain this apparent discrepancy.

Presumably, the activation status of the hMSCs could
matter. MSCs exert immunomodulatory effects only when
they are activated by pro-inflammatory cytokines such as
IFN-7 (28), TNF-a (29), and IL-15 (30) in an in-
flammatory environment, and the naive hMSCs injected
into healthy mice might fail to exert immunomodulatory
effects because they cannot be activated in the absence of
inflammation. However, in the present study, even the
ex-vivo IFN-7 -activated hMSCs did not show an im-
munosuppressive effect, similar to the naive MSCs. Thus,
activation status of the injected hMSCs was apparently not
relevant.

Another concern is the incompatibility of cytokines or
other factors that are needed for immunosuppression be-
tween humans and mice. For example, mouse IFN-7,
which is a principal cytokine for MSC priming, is not
compatible with humans (15). Meanwhile, hMSC express
indoleamine 2,3-dioxygenase (IDO) (31) and cyclooxyge-
nase-2 (COX-2) (32), and these enzymes are important for
immune modulation such as inhibition of T cell proli-
feration. IDO metabolizes tryptophan and its metabolites
such as kynurenine, 3-hydroxykynurenine, and 3-hydrox-
yanthranilic acid is known to inhibit the proliferation of
T cells (33). COX-2 exhibits its action by producing PGE2
(32). Both of these enzymes have been reported to be pro-
duced also in mouse MSCs and used for immune modu-
lation (34). Altogether, human IL-10 and TGF- 8, the ma-
jor effector cytokines responsible for the immunosuppre-
ssive function of MSCs, act on mouse cells (35, 36). Thus,
cytokine incompatibility between humans and mice does
not appear to be a major cause of the failed suppression
of the humoral immune response.

The number of live hMSCs in mouse lymphoid organs
can be another possible explanation. In vitro inhibition of
T-cell proliferation by hMSCs is apparent at a 1 : 10 ratio
of MSCs to T cells; however, the effect is dose-dependent
and becomes negligible at a 1:400 ratio (15, 20).
Additionally, activated MSCs need proximity to affect B
cells (37). Thus, a significant number of MSCs should be
concentrated in lymphoid organs to exert their im-
munosuppressive effects. Although the number of hMSCs
that reached the spleen and regional lymph nodes is un-
known, we can surmise that the number is not substantial
based on previous reports; hMSCs injected into normal
mice or rats may or may not reach the spleen depending

on the administration route, and even MSCs have reached
the spleen, the frequency is low or very low (38). Another
concern is the viability of hMSCs injected into mice. Even
though some investigators reported long-term survival of
hMSCs in mice, also reported are that majority of hMSCs
disappear within 1~2 weeks after injection into mice, re-
gardless of the administration route (39, 40). Therefore,
it is reasonable to assume that many of the administered
hMSCs die early instead they accumulate in lymphoid
organs. Thus, it is anticipated that the number of live
hMSCs in organs such as the spleen and lymph nodes are
not enough to suppress the humoral immunes response.

The limitation of this study is that experiments have
not been performed in disease animal models with vivid
inflammation, in which the immune milieu could be dif-
ferent from those in healthy animals and thus the proc-
esses of humoral immune response might differ. It should
be further elucidated whether the phenomena observed in
this study would be recapitulated when hMSCs are ad-
ministered in these animals.

In conclusion, although many preclinical studies in dis-
ease animal models have shown that hMSCs suppressed
the immune and inflammatory responses of host animals,
the results of the present study showed that hMSCs ad-
ministered in healthy mice induced a strong humoral im-
mune response characterized by typical T cell-dependent
immunity. These results should be considered when de-
signing preclinical experiments using hMSCs and inter-
preting the results from them, especially with repeated in-
jections of hMSCs.
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