
J Toxicol Pathol 2020; 33: 67–76

Original Article

Tissue-specific effects of an anti-desmoglein-3 ADCC antibody due 
to expression of the target antigen and physiological characteristics 
of the mouse vagina
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Abstract: Desmoglein-3 (DSG3) is a potential target of cytotoxic antibody therapy for squamous cell carcinomas but is also expressed 
in various normal squamous epithelia. We obtained information about DSG3 distribution in mouse tissues by immunohistochemistry 
and conducted an intravenous multiple-dose study in mouse to estimate the toxic potential of anti-DSG3 therapy. DSG3 was expressed 
in the squamous epithelium of several organs including the skin, esophagus, tongue, forestomach, eye, and vagina. It was expressed at 
all estrous cycles of the vagina with changes in distribution patterns along with the structural changes in each cycle, and expression was 
reduced in ovariectomized (OVX) mice. On the administration of the antibody, there was disarrangement of the vaginal mucosal epi-
thelium with formation of miroabscess, increased granulocyte infiltration, and single cell necrosis. Despite similar expression levels of 
DSG3 in other tissues, histopathological changes were limited to the vagina. The severity of the changes was reduced by ovariectomy. 
From these findings, the lesions were thought to be related to the drastic change in the histological structure of the vaginal mucosa ac-
companying the estrous cycle. Thus, we have shown that the changing expression of target antigen distribution and its relationship with 
physiological changes in tissue structure are important features for estimating the toxic potential of cytotoxic antibody therapy. (DOI: 
10.1293/tox.2019-0040; J Toxicol Pathol 2020; 33: 67–76)

Key words: cytotoxic antibody, desmoglein-3, tissue distribution, estrous cycle, vagina

Introduction

When developing therapeutic antibodies, it is impor-
tant to understand the tissue distribution of the target anti-
gen to estimate the potential of the therapy1, 2. Desmoglein-3 
(DSG3) is overexpressed in the human squamous cell car-
cinoma3–5 and is thought to be a promising target for anti-
tumor therapy with therapeutic antibodies. However, DSG3 
is also expressed in normal squamous epithelium such as 
skin and stratified squamous mucosa6, 7, and is expected to 
be widely distributed in many organs. Additionally, anti-
DSG3 autoantibodies cause a potentially fatal autoimmune 
disease called pemphigus vulgaris (PV) in humans, which 
involves the formation of blisters that easily rupture causing 
painful erosions in the skin and mucosa8, 9. Hence, there was 
a concern that targeting DSG3 for antibody therapy would 

cause severe toxicity. In fact, in our preliminary experiment 
in mice using an antibody with PV-like effects, there were 
severe toxic changes in squamous epithelium such as the 
esophagus and vagina, causing lethality.

Funahashi et al. deemed that modifying the function of 
an anti-DSG3 antibody to eliminate PV-like effects and to 
exert effects through antibody-dependent cellular cytotoxic-
ity (ADCC) would be effective in avoiding severe toxicity 
while retaining robust anti-tumor effects10. ADCC activation 
is largely dependent on antigen expression level11–13; there-
fore, they assumed that compared to tumor tissues, normal 
tissues express DSG3 at lower levels. Thus, they would be 
able to separate the efficacy from toxicity of the antibody. 
By addressing this point, they succeeded in generating anti-
bodies with robust anti-tumor activity and no severe toxic-
ity10. However, as DSG3 was expected to be expressed in a 
variety of organs and tissues, there was a risk of unexpected 
toxicity caused by the novel antibody function.

Thus, a further understanding of the relationship be-
tween the distribution of DSG3 and its physiological fea-
tures in vivo was thought necessary to evaluate the potential 
of toxic effects to normal tissues by anti-DSG3 therapy with 
an ADCC antibody. Therefore, we conducted immuno-his-
tochemical analysis of DSG3 in mice to elucidate its distri-
bution and a detailed pathological analysis in mice adminis-
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tered the18-1m mouse anti-DSG3 antibody that has ADCC 
functions as previously described by Funahashi et al.10. As 
changes were found in the vagina, we also evaluated the ef-
fects in ovariectomized (OVX) mice.

Materials and Methods

Animals
For the analysis of DSG3 distribution in mouse, nor-

mal or OVX BALB/cAnNCrlCrlj mice were obtained by 
Forerunner Pharma Research Co., Ltd. (Kanagawa, Japan) 
from Charles River Japan, Inc. (Kanagawa, Japan) at the 
age of eight (intact) or nine (OVX) weeks, and they were 
acclimatized before subjecting to the study at ten weeks of 
age at Forerunner Pharma Research Co., Ltd. The animals 
were fed pelleted chow (MF 30kGy, Oriental Yeast Co., 
Ltd., Tokyo, Japan), given mineral water with 2 ppm sodium 
hypochlorite ad libitum, and housed in plastic cages with 
wood chip bedding at a temperature of 20–26°C, humidity 
30–70%, and a 12 h light/12 h dark cycle. Animal proce-
dures were approved by the Institutional Animal Care and 
Use Committee at Forerunner Pharma Research Co., Ltd.

For the multiple-dose study, BALB/cAnNCrlCrlj 
mice were obtained by Chugai Pharmaceutical Co., Ltd. 
(Kanagawa, Japan) from Charles River Japan, Inc. at the age 
of five weeks and were acclimatized before subjecting to the 
study at six weeks of age at Chugai Pharmaceutical Co., Ltd. 
The animals were fed pelleted chow (CE-2, CLEA Japan, 
Inc.), given tap water with 2 ppm sodium hypochlorite ad 
libitum, and housed in plastic cages with wood chip bed-
ding at a temperature of 20–26°C, humidity 30–70%, and a 
12 h light/12 h dark cycle. A sham operation group and an 
OVX group were designated to compare the effects in ani-
mals with an intact or arrested estrous cycle. An abdominal 
incision was surgically performed for the sham operation 
group. For the OVX group, both ovaries were surgically re-
moved. The operations were performed under pentobarbital 
anesthesia. The multiple-dose study was conducted in 2009 
and was approved according to the guidelines at the time by 
the Institutional Animal Care and Use Committee at Chugai 
Pharmaceutical Co., Ltd.

Anti-DSG3 antibodies
Two types of anti-DSG3 antibodies were used in this 

study. A commercially available mouse anti-mouse DSG3 
antibody (clone AK18, Medical & Biological Laboratories 
Co., Ltd., Aichi, Japan) was used as the primary antibody 
for immunohistochemistry in mouse tissues. A mouse anti-
mouse DSG3 antibody (clone 18-1m, Forerunner Pharma 
Research Co., Ltd., Tokyo, Japan) obtained in a previous 
study10 was used for the multiple-dose study in the mouse. 
This antibody exhibits ADCC activity but does not inhibit 
cell–cell interaction in vitro10. The antibody also has robust 
anti-tumor activity in a syngeneic mouse tumor model de-
rived by subcutaneous inoculation of LC-12 cells into Balb/c 
mice10.

Study designs
Study 1: Evaluation of DSG3 distribution in mouse tissue

To determine the distribution of DSG3 in normal mice, 
the following tissues were evaluated (n=3): the skin, tongue, 
stomach, ileum, colon, esophagus, eye, liver, kidney, heart, 
lung, and spleen (Table 1). As the tissue structure of the va-
gina changes in association with the estrous cycle, tissues at 
the stages of proestrus (n=3), estrus (n=3), metestrus (n=3), 
and diestrus (n=3) were evaluated (Table 1). The animals 
were euthanized under deep isoflurane anesthesia at the end 
of the acclimation period, and the tissues were collected 
and fixed for 24 h in 4% PFA and embedded by the AMeX 
method as previously described14, 15.
Study 2: Effects of multiple dosing with the 18-1m mouse 
anti-DSG3 antibody

To evaluate the effects of the 18-1m mouse anti-DSG3 
antibody in vivo, the antibody was intravenously admin-
istered into the tail vein of mice (Fig. 1) once a week for 
3 weeks. Additionally, to elucidate the correlation of the 
changes with the estrous cycle, sham operation and OVX 
group were designated for each antibody. The animals were 
allocated into 3 groups each for the sham and OVX groups 
by body weight. Based on previous in vivo efficacy stud-
ies10, the antibody was administered weekly at 0, 10, 50 mg/
kg (n=5) for each operation group for 3 weeks, starting at 
26 days after the surgical procedures (Table 1). The body 
weight of all animals was measured twice in the week be-
fore the first administration, and 4 times a week, including 
the days of the administration, and at necropsy. The animals 
were euthanized by exsanguination from the abdominal ar-
tery under deep isoflurane anesthesia at 3 days after the 3rd 
administration. Gross examination was performed and the 
skin, tongue, stomach, esophagus, eye, liver, kidney, heart, 
lung, spleen, and vagina were sampled, fixed in 10% neutral 
buffered formalin, and embedded into paraffin by a routine 
method. One animal of the OVX group administered 10 mg/
kg was excluded from the study because the OVX procedure 
was considered unsuccessful.
Tissue preparation

For both the DSG3 distribution study and the antibody 
administration study, hematoxylin and eosin-stained slides 
were prepared by a routine method. For the DSG3 distri-
bution study, immunohistochemistry for mouse DSG3 was 
conducted. Briefly, the tissue sections were deparaffinized 
and treated with microwave heating in Target Retrieval So-
lution (Agilent Technologies Inc., Santa Clara, CA, USA). 
Then the sections were treated with 0.3% H2O2 in methanol 
to quench endogenous peroxidase and then blocked with a 
mouse-on-mouse blocking reagent (Vector Laboratories, 
Burlingame, CA, USA) and with 5% bovine serum albu-
min in Tris-buffered saline. Next, the slides were incubated 
with the primary antibody and then subsequently with a 
rat anti-mouse IgG1 heavy chain antibody (Abcam, Cam-
bridge, UK), and a rat IgG heavy and light chain antibody 
(Bethyl Laboratories Inc., Montgomery, TX, USA). Finally, 
the slides were incubated with streptavidin-HRP (Vec-
tor Laboratories) and the reaction was visualized with a 3, 
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3’-diaminobenzidine (FUJIFILM Wako Pure Chemical Co., 
Osaka, Japan) solution, counterstained with hematoxylin. 
The slides were read evaluated under a light microscope.

Histopathological evaluation of the effects of antibody 
administration

All the tissues sampled at necropsy were histopatho-
logically evaluated. As there were only findings in the va-
gina, grading by severity (0, not observed; 1, very mild; 2, 
mild; 3, moderate; 4, severe) of the changes in this organ 
was conducted for each finding. A histology score was des-
ignated for each animal by adding up the histology grades.

Statistical analysis
The Dunnet’s test was performed to compare the body 

weights between dose groups. P<0.05 was judged to be sta-
tistically significant.

Results

Study 1: Evaluation of DSG3 distribution in mouse 
tissue
Expression patterns in squamous epithelium

Positive staining for DSG3 was observed in the cyto-
plasmic membrane of squamous epithelium including the 
tongue, esophagus, cornea, skin, and forestomach (Fig. 2, 
Table 2). In the tongue and esophagus, positive staining was 
localized in the basal to prickle cell layers; whereas, in the 
cornea, positive staining was observed throughout the layer 
(Fig. 2, Table 2). There was no clear trend for localization in 
the layers of the epidermis and forestomach, but there tend-
ed to be stronger staining in the limiting ridge of the fore-
stomach and in the outer root sheath of hair follicles (Fig. 2). 
There were no other positive organs or tissues.

DSG3 expression in the vagina in relation with the estrous 
cycle

The expression of DSG3 was evaluated in the vagina at 
the stages of proestrus, estrus, metestrus, and diestrus and 
of OVX animals (Fig. 3, Table 3). At proestrus and estrus, 
there was positive staining in the basal to prickle cell layer 
of the mucosa, as with the tongue and esophagus (Fig. 3, Ta-
ble 3). At metestrus and diestrus, positive staining was ob-
served in the whole mucosal layer, as in the cornea (Fig. 3, 
Table 3). There was no difference in staining intensity in 
relation with the changes of the estrous cycle (Fig. 3, Table 
3). In the vagina of OVX animals, the mucosa consisted of 
1–2 layers of small cuboidal epithelial cells (Fig. 3). There 
was very weak staining in the cytoplasm of the epithelium 
(Fig. 3).

Study 2: Effects of multiple dosing with 18-1m mouse 
anti-DSG3 antibody

On administration of the 18-1m antibody to mice, there 
were no unscheduled deaths in any of the groups or doses. 
In the sham group, there was no difference in body weight 
between the vehicle and antibody administered groups 
(Fig. 4). In the OVX group, there was an increase in body 
weight from approximately 5 weeks after OVX in the ve-
hicle group (Fig. 4). In the OVX antibody-administered 
groups, there was a slight transient decrease from day 1 to 
3 after the first administration, and an absence of weight 
gain until the day of necropsy (Fig. 4). There were no gross 
findings in any of the animals at necropsy except for the 
changes related to OVX in the OVX group. Histopathologi-
cal findings were observed only in the vagina. There were 
no findings in other organs (Fig. 5a) besides OVX-related 
changes and changes in the spleen related to non-specific 
immune activation caused by antibody administration. In 
the OVX animals, the uterine mucosal epithelium con-

Table 1. Study Groups

Study Group No. of animals 
examined

Study 1 Non-vaginal tissue# 3
Vaginal tissue Proestrus 3

Estrus 3
Metestrus 3
Diestrus 3
OVX 3

Total 18

Study 2 Intact Vehicle control 5
18-1m 10 mg/kg 5
18-1m 50 mg/kg 5

OVX Vehicle control 5
18-1m 10 mg/kg 4*

18-1m 50 mg/kg 5

Total 29

#: skin, tongue, stomach, ileum, colon, esophagus, eye, liver, kidney, 
heart, lung, spleen. *: 1 animal of the 10 mg/kg group was excluded 
from the study on histopathological evaluation because of unsuccess-
ful OVX.

Fig. 1. Study design for antibody administration.
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sisted of a single layer of cuboidal cells, showing that the 
operation was successful. In the vagina of the sham group 
animals administered the antibody, there was disarrange-
ment of the vaginal epithelium (Fig. 5b, 6a) at both doses. 
Formation of microabscess in the epithelium was also nota-
bly increased, as well as infiltration of granulocytes in the 

submucosa, muscular layer, and in the lumen of the vagina 
(Fig. 5b, 6a). Single-cell necrosis was slightly increased in 
the antibody administered groups. There was a variation in 
the findings between animals that was thought related to the 
estrous cycle ranging from a non-keratinized to keratinized 
epithelium. However, as the structure of the epithelium was 

Fig. 2. Immunohistochemical staining for desmoglein-3 (DSG3) in squamous epithelium of mouse. Representative images of the epidermis (a), 
hair follicle (b), tongue (c), limiting ridge of the forestomach (d), esophagus (e), and cornea (f) are shown. Bar=100 μm.
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disrupted, the precise estrous cycle stage in animals treated 
with antibody could not be distinguished. The highest his-
tology scores were found in the 50 mg/kg group, which sug-
gests that there is a dose dependency (Fig. 6b). Compared 
to the sham groups, changes in the OVX groups were mark-
edly less severe (Fig. 6). There were mild changes in some 
of the OVX animals of the antibody administered groups, 
and in these cases, there were areas of stratified epithelium. 
As there were no gross or histopathological findings except 
for slight changes in the vagina, there were thought to be no 
effects of the antibody related to the reduced weight gain in 
the OVX animals.

Discussion

In the current study, we have studied the distribution 
of DSG3 in mouse tissues by immunohistochemistry and 
the effects of antibody administration in mice to evaluate 
the potential of toxic effects in normal tissues by anti-DSG3 
therapy with an ADCC antibody.

By immunohistochemical analysis, DSG3 was ex-
pressed in the squamous epithelium of multiple organs in 
the mouse. There were two distinct expression patterns of 
DSG3 in relatively well stratified squamous epithelium: a 
basal to a spinous pattern (tongue, esophagus, proestrus and 
estrus vagina) and a whole-layer pattern (cornea, metestrus 
and diestrus of vagina). The two patterns were largely con-

sistent with the previous reports in humans8, 16. Thus, we 
confirmed that DSG3 is widely expressed in mouse organs, 
and from these results we expected that organs expressing 
DSG3 would be affected by antibody administration.

In the multiple-dose study in mouse, although there 
were tissues with similar or higher expression levels of 
DSG3 compared with the vagina, changes were observed 
only in the vagina and no changes were observed in the oth-
er squamous epithelium. The drastic change in tissue struc-
ture of the vaginal mucosa in relation to the estrous cycle 
is well known in rodents17. Additionally, DSG3-dependent 
signaling is thought to have a role in wound healing18. Thus, 
we deemed that antibody administration only affects tissues 
with structures that are under reconstruction.

The structure of the vaginal epithelium was distorted by 
antibody administration, suggesting that DSG3 is necessary 
for maintaining the epithelial structure. To our knowledge, 
there are no reports concerning the changing expression 
of DSG3 in the mouse vagina, so how it functions during 
structural changes is unknown. However, DSG3 is known 
to be important in maintaining the orientation and integrity 
of stratified squamous epithelium19, 20, and the evidence of 
altered tissue structure by antibody-treatment in the current 
study was thought consistent with these facts. Thus, it was 
thought that DSG3 has a role in maintaining the structure of 
the vaginal mucosa during the estrous cycle in mice.

As for the mode of action of the antibody against vagi-

Table 2. Results of Immunohistochemical Staining for Desmoglein-3 (DSG3) in Mouse Tissues

Organ Component Subcomponent
Animal No.

N1 N2 N3

Skin Epidermis 1 1–2 1–2
Hair follicle Outer root sheath 1–3 1–3 1–3

Tongue Mucosal epithelium Basal layer 1 3 1 3 1 4
Prickle layer 1–3 1–3 1–3

Forestomach Mucosal epithelium, limiting ridge 4 M 1–3
Mucosal epithelium, others 1 2 1 2 1 2

Esophagus Mucosal epithelium Basal layer 1–2 1–2 1–2
Mid layer 1–2 1–2 1–2

Eye Cornea Epithelium 1–2 1–2 1–2

Staining intensity grade: 1, faint; 2, weak; 3, moderate; 4, strong. M, limiting ridge not included in slide. 
All other organs (ileum, colon, liver, kidney, heart, lung, spleen) and tissues were negative.

Table 3. Results of Immunohistochemical Staining for Desmoglein-3 (DSG3) in Mouse Vaginal Tissues of Each Estrous Cycle Stage

Component

Group

Proestrus Estrus Mesestrus Diestrus OVX

Animal No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Basal layer 2 2 1–2 1–2 1 1–2
Prickle layer 2 2 1–2 1–2 1 1–2
Clear cells 1 NA NA
Granular layer - - - 1 - -
Epithelium 1–2 1–2 2 1–2 1–2 1–2 1 1 1

Staining intensity grade: −, negative; 1, faint; 2, weak; 3, moderate; 4, strong. NA: not applicable because the estrous cycle was late stage, and 
most of the layer was disattached. Grey colums, component not applicable.
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Fig. 3. Immunohistochemical staining for desmoglein-3 (DSG3) in mouse vaginal epithelium. Represenative images of normal and ovariecto-
mized (OVX) mice are shown. Bar=100 μm.
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Fig. 4. Body weight of Sham and ovariectomized (OVX) group ani-
mals. Each symbol shows the mean ± S.D. Arrows show the 
days of antibody administration. There was a statistically sig-
nificant (P<0.05) difference between the OVX vehicle and 50 
mg/kg group at days 34, 40, and 42 (*).

Fig. 5. Representative images of tissues from mice administered the 18-1m mouse anti- desmoglein (DSG) antibody. Representative images of 
the tongue (a, left) and esophagus (a, right) are shown. HE stain. Bar=100 μm. In the vaginal epithelium of the sham group, there was 
disarrangement of mucosal structure, marked formation of microabscess, single cell necrosis (arrows) in the epithelium, and increased 
inflammatory cell infiltration throughout the mucosa (b). HE stain. Left, bar=200 μm. Right, high magnification of left, bar=100 μm.
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nal mucosa and its relationship with the estrous cycle, the 
fact that the structure of the vaginal mucosa was altered in-
dicates an interference with DSG3 function during structur-
al changes. Moreover, the inflammatory changes in the va-
gina, along with single-cell necrosis of the mucosa suggest 
a role for ADCC, but no definitive evidence was obtained in 
the current study. Further studies such as time-course ob-
servation after single dose administration in animals tested 
for vaginal swabs to determine the estrous cycle stage at 
the time of administration or by administering an antibody 
engineered to eliminate ADCC effects are thought to be 
effective in further elucidating the mechanisms related to 
the physiological role of DSG3 in the mouse vagina and the 
modifying effects of the current antibody.

In the current study, there was vaginal atrophy in OVX 
mice with reduced expression of DSG3 in the epithelium. 
Vaginal atrophy is associated with reduced expression of 
DSG1 in humans, and in part can be recovered by the ad-
ministration of estrogens21. It is also known that estrogens 
enhance the formation of desmosomes and upregulate des-
mosomal proteins22. The above facts suggest the involve-
ment of estrogen in the regulation of DSG3 expression in 
the mouse vagina. Thus, studying the relationship between 
sex hormones and DSG3 expression may be valuable infor-
mation for estimating the effects of anti-DSG3 antibody ad-
ministration.

In the current study, the changes were largely reduced 
in OVX mice, which was thought to be due to the reduced 

expression of DSG3 in the atrophic vaginal epithelium. 
Thus, OVX was effective in avoiding severe changes. In 
mice, with slight changes, the mucosal epithelium may have 
still been in a changing state from stratified epithelium to 
a mono-layered epithelium at the time of administration. It 
is known that there is a gradual change in tissue structure 
after OVX23 in mice. As in mice the human vagina also 
shows drastic changes in tissue structure, such as changes 
in mucosal thickness and parakeratosis24; hence, there may 
be toxic effects by anti-DSG3 therapy. However, the target 
patient segment for DSG3 therapy is in cancer patients, and 
expected in older age groups25, so further studies to deter-
mine the relationship between the distribution of DSG3 and 
menopause in humans may enable a therapeutic strategy in 
minimizing toxic effects to normal tissue.

Expression analysis of target antigens has provided 
valuable information for prediction or retrospective analy-
sis of efficacy and toxicity with therapeutic antibodies26–28, 
but analysis of a single time point only provides a snapshot-
view. Our current results show that if the target antigen is 
expressed in tissues with dynamic changes, the temporal 
aspects should be considered. Thus, we have shown that the 
changing expression of target antigen distribution and its 
relationship with physiological changes in tissue structure 
are important features for estimating the toxic potential of 
cytotoxic antibody therapy.

Fig. 6. Severity of changes in the vaginal mucosa of mice treated with the 18-1m mouse anti-desmoglein-3 (DSG3) antibody. Each symbol rep-
resents one animal.
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