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Evaluation of potential activity of luseogliflozin on vascular
proliferation in the mesenteric lymph node with or without vascular
tumors in Sprague-Dawley rats in a carcinogenicity study
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Abstract: The incidence of mesenteric lymph node vascular tumors can vary in rats, and appropriate assessment of potential risk of
tumorigenicity is needed when the incidence is higher in treated groups than in a control group. In a 2-year rat carcinogenicity study
of luseogliflozin, a selective sodium-dependent glucose co-transporter 2 inhibitor for the treatment of type 2 diabetes mellitus, there
was a slight but statistically significant increase in the total number of hemangiomas and hemangiosarcomas in the mesenteric lymph
nodes in males at a high-dose. As part of the risk assessment for luseogliflozin, its effect on the vascular proliferation potential in the
mesenteric lymph nodes was examined in a rat carcinogenicity study by performing an image analysis using specimens with double
immunohistochemical staining for PCNA and CD34 in control and high-dose males. In addition, immunohistochemical staining for
VEGF was performed to detect enhanced angiogenesis. In the high-dose males that did not have a hemangioma/hemangiosarcoma,
neither an increased number of PCNA/CD34-positive cells nor changes in the expression pattern of VEGF was observed. On the other
hand, in the high-dose males that had a hemangioma/hemangiosarcoma, the number of PCNA-positive cells was increased in the tumor
areas, and the number in the hemangioma/hemangiosarcoma was approximately one-half of that in the hemangiosarcoma in the control
male. In conclusion, no potential change leading to vascular proliferation/tumors was detected in the mesenteric lymph nodes of high-

dose males receiving luseogliflozin. (DOI: 10.1293/tox.2015-0054; J Toxicol Pathol 2016; 29: 85-93)
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Introduction

Vascular tumors of the mesenteric lymph nodes are
generally regarded as uncommon in Sprague-Dawley rats.
However, the spontaneous incidence of lymph node vas-
cular tumors in Sprague-Dawley male rats can vary over
time, and these tumors occur more commonly and with a
higher incidence in male rats, with the incidence varying
from rare to common" 2. In studies performed from 1983
to 2001, historical data compiled from the Registry of In-
dustrial Toxicology Animal-Data (RITA, unpublished data)
shows that the incidence ranged from 0% to 6%?. When the
incidences of vascular tumors of lymph nodes are increased
compared with those in control rats in carcinogenicity stud-
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ies, it is important to perform additional risk assessment of
tumorigenicity for humans to explore the possible vascular
proliferation potential of the test agents.

In a rat carcinogenicity study of luseogliflozin, a po-
tent non-genotoxic oral hypoglycemic agent that selectively
inhibits the activity of sodium-dependent glucose co-trans-
porter 2 (SGLT2) present in the proximal tubule of the kid-
ney and facilitates urinary excretion of excessive glucose in
the blood, thereby lowering the plasma glucose level* 4, a
statistically significant increase in the total number of hem-
angiomas (benign) and hemangiosarcomas (malignant) was
observed in the mesenteric lymph nodes of males at 100 mg/
kg/day®. The present study was conducted to evaluate the
vascular proliferation potential of luseogliflozin in the mes-
enteric lymph nodes in a 2-year rat carcinogenicity study
using image analysis of specimens stained immunohisto-
chemically for PCNA, CD34 and VEGF as part of a risk
assessment for humans. In addition to evaluating the his-
tomorphological and biological features of the mesenteric
lymph nodes without vascular tumors, the proliferation ac-
tivities of hemangioma and hemangiosarcoma tumor areas
were also evaluated.
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Table 1. Number of Animals with Hemangioma/hemangiosarcoma in the Mesenteric Lymph Nodes

Sex Male Female

Dosage (mg/kg/day) 0 4 20 100 0 4 20 100
Number of animals 55 55 55 55 55 55 55 55
Mortality 32 26 30 29 42 37 33 31
Survival rate (%) 41.8 527 45.5 473 23.6 327 40.0 43.6
Hemangioma 8 1 0 5 1 0 0 0
+ Hemangiosarcoma

Hemangioma (benign) 0 1 0 2 1 0 0 0
Hemangiosarcoma (malignant) 1 0 0 3 0 0 0 0

$P < 0.025 (significant difference with trend test, rare tumor, Peto's test)

Materials and Methods

Chemicals

Luseogliflozin, (1S)-1,5-anhydro-1-[5-(4-ethoxybenzyl)-
2-methoxy-4methylphenyl]-1-thio-D-glucitol, is a potent
non-genotoxic oral hypoglycemic agent that selectively
inhibits the activity of SGLT2* and was synthesized by
Chemistry Laboratories, Taisho Pharmaceutical Co., Ltd.
(Saitama, Japan).

Samples used for histomorphological analysis and
animal study information

Samples of lymph nodes were obtained from male rats
in a 2-year rat carcinogenicity study of luseogliflozin. In
the carcinogenicity study, luseogliflozin was orally admin-
istered to 55 male and 55 female Sprague-Dawley rats per
group as repeated doses of 0 (control), 4, 20 and 100 mg/kg/
day for 24 months (105 weeks) to investigate its carcinoge-
nicity. The control group was given a 0.5% sodium carboxy-
methylcellulose aqueous solution in the same manner. The
survival rates of males and females in each test group were
not different from those in the control group throughout
the study period. The respective survival rates in the con-
trol, 4, 20 and 100 mg/kg/day groups at scheduled necropsy
(Week 105) were 41.8%, 52.7%, 45.5% and 47.3% for the
males and 23.6%, 32.7%, 40.0%, and 43.6% for the females.
Hemangiosarcoma was histopathologically diagnosed in the
mesenteric lymph nodes of one control male and three high-
dose males, and hemangioma was diagnosed in the mes-
enteric lymph nodes of two high-dose males. Among the
mesenteric lymph nodes, the incidence of hemangioma or
hemangiosarcoma was not significantly different from the
control in either trend or pairwise comparison. However, the
combined incidence of hemangioma and hemangiosarcoma
was marginally higher in males at 100 mg/kg/day than in the
control, and the trend test showed statistical significance,
but the pairwise comparison showed no significant differ-
ence (Table 1). The hemangioma appeared as a nonencap-
sulated proliferation of a single layer of uniform endothelial
cells without pronounced pleomorphism or atypia. Mitoses
were seldom seen (Figs. 1A and B). The hemangiosarcoma,
in contrast, was characterized by moderate pleomorphism to
atypia of the lining endothelium, which was either multilay-
ered or solid. Undifferentiated areas of sarcomatous tissue

or local invasion were sometimes observed. Mitoses, when
present, were variable (Figs. 1C and D). The other control
and high-dose males did not have any changes suggesting
vascular proliferation or tumors in the mesenteric lymph
nodes. In females, one control animal had a hemangioma,
but hemangioma or hemangiosarcoma was not observed in
any of the treated animals.

Paraffin sections of mesenteric lymph nodes from 23
surviving control males and 27 surviving or early sacrificed
high-dose (100 mg/kg/day) males with or without vascular
tumors were prepared for immunohistochemical staining.

Double immunohistochemical staining for proliferat-
ing cell nuclear antigen (PCNA) and surface antigen
(CD34) in the vascular endothelium of rat mesenteric
lymph nodes

Double immunostaining of mesenteric lymph nodes in
10% formalin-fixed specimens was performed on paraffin-
embedded sections for the detection of PCNA (proliferation
marker) and CD34 (endothelial cell marker). CD34 is cell
surface antigen expressed on hematopoietic stem cells and
bone marrow-derive endothelial progenitor cells (EPCs).
CD34 was selected as the endothelial cell marker in this
study because expression of CD34 is expected to be pres-
ent in hematopoietic stem cells, EPCs and mature endo-
thelial cells (ECs) in rodents and because it appears to be
more effective in detecting immature vascular epithelia for
detection of vascular proliferation activity rather than use
of a mature EC marker such as CD31 or Factor VIII®7. Af-
ter deparaffinization of the sections, heat-induced epitope
retrieval was performed in 10 mM citrate buffer (pH 6.0)
(00-5000, Invitrogen, Frederick, MD, USA) for 40 minutes.
The specimens were then reacted with the primary antibody
(monoclonal mouse anti-rat PCNA antibody, M0879, 0.008
pg/mL, Dako Japan, Tokyo, Japan) overnight at 4°C. Then,
the secondary antibody, biotin-conjugated horse anti-mouse
IgG (BA-2001, 5 pg/mL, Vector Laboratories, Burlingame,
CA, USA) was applied for 1 hour at room temperature. The
slides were exposed to 0.3% H,O, for 30 minutes to quench
endogenous peroxidase. The sections were incubated using
the ABC method® (PK-6100, Vector Laboratories). Positive
reactions resulted in brown nuclear staining with a DAB
substrate (349-00903, Dojindo Laboratories, Kumamoto,
Japan). After washing with PBS, the sections were incubated
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Fig. 1. Representative histopathological findings of hemangiomas (A, B) and hemangiosarcomas (C, D) of the mesenteric
lymph node in male SD rats. Hemangioma was characterized by a nonencapsulated proliferation of a single layer of
uniform endothelial cells without pronounced pleomorphism or atypia. Mitoses were seldom seen. B shows a higher
magnification of A. Hemangiosarcoma was characterized by moderate pleomorphism to atypia of the lining endothe-
lium, which was multilayered and solid (arrows). Undifferentiated areas of sarcomatous tissue or local invasion were
sometimes visible (arrowhead). D shows a higher magnification of C. H&E stain. Bar =200 pm (A, C) or 50 um (B, D).

with an Avidin Biotin Blocking Kit (SP-2001, Vector Labo-
ratories) to quench the unreacted biotin remaining from the
previous procedure for 1 hour at room temperature and then
with a polyclonal goat anti-rat CD34 antibody (AF4117, 1
pg/mL, R&D Systems, Minneapolis, MN, USA) overnight
at 4°C. The secondary antibody, biotin-conjugated horse an-
ti-goat IgG (BA-9500, 10 pg/mL, Vector Laboratories), was
then applied for 1 hour at room temperature. The slides were
exposed to 0.3% H O, for 30 minutes to quench the biotinyl-
ated peroxidase from the first step. The ABC method used
for endothelial cells resulted in red cytoplasmic staining
with 3-amino-9-ethylcarbazole (AEC-101, Sigma-Aldrich,
St. Louis, MO, USA). Slides were then counterstained with
hematoxylin, dehydrated, cleared and mounted.

Immunohistochemical staining for vascular endothe-
lial growth factor (VEGF) on rat mesenteric lymph
nodes

VEGF, a specific endothelial cell mitogen, if sustained,
provides a milieu that can lead to hemangiosarcoma forma-
tion’, and a high level of VEGF reportedly induced heman-
giomas'®. After deparaffinization of the sections, slides were
heated by microwave for 18 minutes in 10 mM citrate buffer

(pH 6.0) (00-5000, Invitrogen) for antigen retrieval.

The specimens were then reacted with the primary an-
tibody, polyclonal goat anti-rat VEGF antibody (AF564, 0.5
pg/mL, R&D Systems), overnight at 4°C. Then the second-
ary antibody, biotin-conjugated horse anti-goat IgG (BA-
9500, 10 pg/mL, Vector Laboratories), was applied for 1
hour at room temperature. The slides were exposed to 0.3%
H,0, for 30 minutes to quench endogenous peroxidase.
The sections were incubated using the ABC method, and
positive reactions resulted in red cytoplasmic staining with
3-amino-9-ethylcarbazole (AEC-101, Sigma-Aldrich). For
negative controls, normal goat IgG (PP500P, Acris Antibod-
ies, Herford, Germany) was used as the primary antibody in
representative samples.

Image analysis of vascular proliferation in mesenteric
lymph nodes

Histology slides of double immunohistochemical stain-
ing with PCNA and CD34 were scanned with a ScanScope
XT (Leica Microsystems, Heidelberg, Germany) using
bright-field imaging at 20x magnification. Specimen areas
were selected, and individual images were saved in a 24-bit
RGB TIFF file format with a resolution of 1 um/pixel using
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Table 2. Number of PCNA and CD34 Double-positive Cell in the Mesenteric Lymph Nodes without a Hemangioma or Hemangio-

sarcoma
Luseogliflozin
Group Control 100 mg/kg/day
Number of animals n=22 n=22
Number of PCNA and CD34 double-positive cells® Per section 2.1+24 13+£14
Per mm? of tissue 0.30+0.43 0.13+0.13

*Values are shown as the mean + SD. Data were analyzed using the F-test followed by the Aspin-Welch #-test.

the ImageScope software (Leica Microsystems). An auto-
mated analysis of the TIFF image files was performed using
the programming language IDL 6.3 (ITT Visual Informa-
tion Solutions, Exelis VIS KK, Tokyo, Japan).

To evaluate the vascular proliferation potential in mes-
enteric lymph nodes without a hemangioma or hemangio-
sarcoma in the carcinogenicity study in rats, specimens
for double immunohistochemical staining for PCNA and
CD34 in control males (n = 22) and high-dose males (n =
22) were analyzed by counting the total number of cells that
were positive for both antibodies per section. The total num-
ber of PCNA and CD34 double-positive cell per mm? tis-
sue was also calculated for normalizing the value by tissue
area. In addition, five imaging fields (at 20x magnification)
of hemangioma and hemangiosarcoma areas in the mesen-
teric lymph nodes of control (hemangiosarcoma, n = 1) and
high-dose males (hemangioma, n = 2; hemangiosarcoma,
n = 3) were randomly selected, and all the PCNA-positive
cells were counted; the average number of PCNA-positive
cells per field was then calculated. In cases where the tumor
area was too small to select five fields at 20x magnification,
we selected as much of the field as possible, and the aver-
age number of PCNA-positive cells per imaging field was
calculated.

Histomorphological evaluation of enhanced angio-
genesis in mesenteric lymph nodes

Histology slides of immunohistochemical staining with
VEGF were scanned with a ScanScope XT (Leica Micro-
systems) in the same manner as mentioned above. To detect
enhanced angiogenesis in the mesenteric lymph nodes with
or without vascular tumors in the rat carcinogenicity study,
specimens for immunohistochemical staining for VEGF in
control males (n = 23) and high-dose males (n = 27) were
microscopically evaluated by observing the stainability of
positive cells and their distribution in the tissues.

Statistical analysis

The statistical analysis was performed using the Mi-
TOX, Ver. 8, software (QualitySoft Corporation, Tokyo,
Japan). All values were reported as the mean + standard
deviation (SD). The PCNA/CD34 double-positive cells of
mesenteric lymph nodes without a hemangioma or heman-
giosarcoma were analyzed using the F-test followed by the
Aspin-Welch #-test. Values represent the results of the #-test,
with P<0.05 considered statistically significant.

A statistical analysis of the PCNA-positive cells in

the vascular tumor areas of mesenteric lymph nodes with
a hemangioma or hemangiosarcoma was not performed be-
cause there was only one sample from a control male with a
vascular tumor.

Results

Image analysis of vascular proliferation in mesenteric
lymph nodes by immunostaining for PCNA and/or
CD34

In male rats without a hemangioma or hemangiosar-
coma in their mesenteric lymph nodes, the mean number
of PCNA/CD34 double-positive cells was 1.3 + 1.4 in the
high-dose group and 2.1 £ 2.4 in the control group. The
value normalized by tissue area (mm?) was 0.13 £ 0.13 in
the high-dose group and 0.30 + 0.43 in the control group
(Table 2). Since there were no significant differences in the
number of double-positive cells in the mesenteric lymph
nodes between high-dose males and control males, no in-
creases in PCNA-positive cells in the vascular endothelium,
which would suggest the potential development of vascular
proliferation, were detected (Fig. 2).

An image analysis of PCNA-positive cells in the areas
of vascular tumors in mesenteric lymph nodes revealed that
the number of PCNA-positive cells was 111.8 cells/imaging
field at 20x in the hemangiosarcoma of a control male and
50.4 and 51.4 cells/imaging field at 20x in hemangiomas (n
= 2) or hemangiosarcomas (n = 3), respectively, in high-dose
males (Table 3). The number of PCNA-positive cells/imag-
ing field at 20x% in the control male rat with a hemangiosarco-
ma was approximately twice the number in high-dose males
with a hemangioma or hemangiosarcoma (Fig. 3). Further-
more, no clear difference in the number of PCNA-positive
cells was observed between the animals with a hemangioma
and those with a hemangiosarcoma of the mesenteric lymph
node in high-dose males.

Histomorphological evaluation of mesenteric lymph
nodes using immunostaining for VEGF

There were no clear differences in the expression pat-
tern and stainability of VEGF in high-dose male rats that
did not have a hemangioma or hemangiosarcoma, compared
with the observations in control male rats. The VEGF-pos-
itive reaction was generally more prominent in the vascular
endothelium of the tumor areas of hemangiomas or heman-
giosarcomas of mesenteric lymph nodes in the control and
high-dose groups, and no clear difference in the expression
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Fig. 2. Double immunostaining for PCNA (brown) and CD34 (red) in nuclei and endothelial cytoplasm, respec-
tively, in mesenteric lymph nodes that did not have a hemangioma or hemangiosarcoma in the control (A)
and high-dose (B) groups. No differences were noted. Bar = 100 um. The arrows indicate PCNA/CD34

double-positive cells (inset, bar = 20 um).

Table 3. Number of PCNA-positive Cells in Areas of Vascular Tumors in the Mesenteric Lymph Nodes

Luseogliflozin

1
Group Contro 100 mg/kg/day
Histomorphological diagnosis Hemangiosarcoma Hemangioma Hemangiosarcoma
Number of animals n=1 n=2 n=3
Number of PCNA-positive cells per 111.8 5044235 S14+15.4

imaging field at 20x (0.5 mm?)?

*Values are shown as the mean + SD.

pattern was noted between the control and high-dose groups
(Fig. 4).

Discussion

In a 2-year rat carcinogenicity study of luseogliflozin,
an oral hypoglycemic agent, a slight but statistically signifi-
cant increase in the total number of hemangiomas and hem-
angiosarcomas in the mesenteric lymph nodes was observed
in high-dose males. The incidence of vascular tumors was
9.1%, and the incidences of hemangioma and hemangiosar-
coma were 5.5% and 3.6%, respectively, in high-dose males.
The effects of this agent on vascular proliferation potential
in the mesenteric lymph nodes was studied by performing
an image analysis of specimens with immunohistochemical
staining for PCNA, CD34 and VEGF.

In the present study, image analysis and/or histomor-
phological evaluation of the mesenteric lymph nodes that
did not contain a hemangioma or hemangiosarcoma re-
vealed no increases in the number of PCNA/CD34 double-
positive cells per mm? tissue area or changes in the expres-
sion pattern of VEGF in the high-dose males compared with
the control males. These results suggest that there were no
potential changes leading to vascular proliferation or the
development of vascular tumors in the mesenteric lymph
nodes of the high-dose male rats.

Hemangioma in rodents is histopathologically char-
acterized by the proliferation of blood vessels lined with a

single layer of uniform endothelial cells with little atypia
and rare mitotic figures'" '2. On the other hand, hemangio-
sarcoma in rodents is histopathologically characterized by
the proliferation of a single or multiple layers of atypical/
polymorphic vascular endothelial cells with frequent mi-
toses forming an irregular vascular lumen and infiltrating
and/or metastasizing to surrounding tissues. Biological be-
havior, including distal metastasis, is reported to be helpful
in classifying these tumors''. Another report recommends
that even vascular tumors with atypia should be diagnosed
as benign tumors (hemangiomas) when distal metastasis is
not present13.

Vascular tumors of the mesenteric lymph nodes often
have overlapping morphological features that can make it
difficult to determine whether they are benign or malignant.
The results of image analysis for the mesenteric lymph nodes
containing a hemangioma or hemangiosarcoma showed that
the number of PCNA-positive cells (111.8 cells/imaging field
at 20x) was largest in the control male rat with a hemangio-
sarcoma. This finding was consistent with the results of our
histomorphological evaluation, which showed that the most
pronounced solid hemangiosarcoma was found in the same
control. The hemangiosarcomas observed in the high-dose
males contained approximately half the number of PCNA-
positive cells as the control with a hemangiosarcoma, and
no clear difference in the number of PCNA-positive cells
was seen between the animals with a hemangioma and those
with a hemangiosarcoma of the mesenteric lymph node in
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Fig. 3. Immunohistochemistry for PCNA (brown nuclei) in hemangiosarcoma areas of the mesenteric lymph nodes in the con-
trol (A) and high-dose (B) groups. Bar = 100 pm. The arrows indicate PCNA-positive cells. PCNA-positive cells were
more frequently noted in the hemangiosarcoma in the control male (inset, bar =20 pm).
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Fig. 4. Immunohistochemistry for VEGF (red) in mesenteric lymph nodes that did not have vascular tumors in the control (A)
and high-dose (B) groups. No clear difference in the expression pattern was observed between the control and high-dose
groups. In the vascular tumor areas of mesenteric lymph nodes that had a hemangiosarcoma, the endothelial cells were
positive for VEGF, and no clear difference in the expression pattern was noted between the control (C) and high-dose

(D) groups. Bar = 50 pm.

high-dose males. These results suggest that even when ma-
lignancies are diagnosed histologically according to a cer-
tain set of criteria for morphologic features, some diagnoses
may be borderline, and some of the lesions may be biologi-
cally benign. Since such uncertain differentiation in rodents
could affect statistical analyses of benign and malignant

vascular tumors, combined evaluation of benign and malig-
nant vascular tumors is useful for evaluating carcinogenic-
ity studies and for risk assessment.

In addition to evaluating the results of the present study,
a detailed review and assessment of repeated dose toxicity
and/or carcinogenicity studies of luseogliflozin were con-
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ducted to identify the relationship between the tumor and
the plasma exposure/tissue concentrations of the agent, the
histological findings leading to either dysregulated angio-
genesis and/or erythropoiesis that results from direct va-
sostimulation, hemolysis'* %, hypoxia'” '* and macrophage
activation'” and the recent incidence of vascular tumors in
the mesenteric lymph nodes of rats in a study facility.

When evaluating the relationship between the occur-
rence of vascular tumors in the mesenteric lymph nodes and
the plasma level of luseogliflozin, neither hemangioma nor
hemangiosarcoma was observed in female rats and other
animal species exposed to luseoglifiozin at higher levels
than those in the male rats, indicating a poor relationship
between hemangioma or hemangiosarcoma and the plasma
level of luseogliflozin®.

Dronedarone, an antiarrhythmic agent, has been re-
ported®” 2! to cause vascular tumors because the active in-
gredient is distributed specifically to the mesenteric lymph
nodes. To examine this possibility, the tissue concentrations
of luseogliflozin in the mesenteric lymph nodes were re-
viewed. The radioactivity concentration in the mesenteric
lymph nodes of rats after a single dose of ['*C] luseogliflozin
to male rats was equivalent to that in the blood or plasma
and was not particularly higher than the levels in other tis-
sues, and the radioactivity rapidly disappeared from the
mesenteric lymph nodes®?. Therefore, neither a specific dis-
tribution nor accumulation of luseogliflozin was observed
in the mesenteric lymph nodes, suggesting a weak correla-
tion between hemangioma/hemangiosarcoma and the tissue
concentrations of luseogliflozin.

Dronedarone reportedly caused hemangioma, and the
possible mechanism for the onset was reported to be relat-
ed to blood flow alterations in the mesenteric lymph nodes
secondary to the aggregation of foam cells*” ?'. Both no
relevant tissue injury suggesting the direct involvement of
luseogliflozin and the absence of any lesions known to lead
to vascular endothelial proliferation, such as erythropoiesis,
hemolysis, hypoxia, and macrophage activation®, in the oc-
currence of hemangioma and hemangiosarcoma in the mes-
enteric lymph nodes were noted in the rat carcinogenicity
study and repeated-dose toxicity studies of luseogliflozin in
rats’.

The incidence of lymph node angioma is known to
vary markedly over time and appears to be higher in some
other rat strains than in the Crl:CD strain® 2, and a broader
range of angiomatous lesions may occur in lymph nodes.
It has been reported that mesenteric lymph node angiomas
occur more commonly and at a higher incidence in male
rats, with the incidence varying from rare to common in
Sprague-Dawley rats (0%—8.6%)> !¢, and these benign angi-
omas in different strains have always been more common in
male rats than in female rats" > >*2%, Tennekes et al. reported
that changes in tumor incidence over time in male Sprague-
Dawley rats were primarily caused by genetic drift*. Based
on this information, a review of the historical incidences of
tumors in rats at the testing facility was considered to be
useful when evaluating such a marginal increase in vascular

tumors of the mesenteric lymph node in rats.

The total number of spontaneous occurrences of hem-
angiomas and hemangiosarcomas in the mesenteric lymph
nodes at the testing facility in 2010 and 2011, when the rat
carcinogenicity study was conducted, tended to be slightly
elevated, compared with that in other years. For the past
10 years, the incidence of each event tended to be higher
in males than in females. Thus such a tendency for an in-
creased incidence of spontaneous mesenteric lymph node
vascular tumors in the testing facility might have affected
the marginal increase in vascular tumors noted in the high-
dose males in the rat carcinogenicity study.

Vascular tumors are known to occur mainly in the liver,
spleen, heart and subcutaneous adipose tissues in rodents’,
but no such tumors were observed in these organs in the
carcinogenicity study of luseogliflozin in rats. Furthermore,
a carcinogenicity study of luseogliflozin in mice showed no
evidence of increased occurrence of hemangioma/heman-
giosarcoma’.

Based on the analysis performed and information men-
tioned above, the marginally increased incidence of vascu-
lar tumors of the mesenteric lymph node of males in the rat
carcinogenicity study of luseogliflozin was likely to be of
low relevance to the test article.

Hemangioma in humans is a pathological condition,
and it can be difficult to distinguish whether the lesion is
a true tumor or tissue malformation (hamartoma)®®. Such
tumors are not believed to become malignant>’. Hemangio-
sarcoma in humans represents the formation of an irregular
vascular lumen consisting of large and small cells or the pro-
liferation of atypical endothelial cells in the form of a mass.
It is a highly malignant pathological condition with the pap-
illary protrusion of tumor cells into the vascular lumen?’.
Furthermore, in humans, hemangioma appears more com-
monly on the surface of the head and neck region and liver®’,
and lymph node angioma (lymphangioma and hemangioma)
is extremely rare’. The incidence of hemangiosarcoma has
recently been estimated to be 0.00021%®. With the excep-
tion of known genotoxic substances, no cases of drug-in-
duced hemangioma or hemangiosarcoma in the mesenteric
lymph nodes have been reported in humans®. When taking
all the information mentioned above into consideration, ex-
trapolating vascular tumors of rat mesenteric lymph nodes
to risk assessments for humans may not be suitable because
of the differences in diagnostic criteria, pathological nature
and condition and incidence of hemangioma and hemangio-
sarcoma between rats and humans.

In summary, image analysis and/or histomorphological
evaluation of mesenteric lymph nodes using immunohisto-
chemical staining with PCNA, CD34 and VEGF revealed
that there was neither an increased number of PCNA/CD34
double-positive cells per tissue area nor changes in the ex-
pression pattern of VEGF in the high-dose males compared
with control males in the rat carcinogenicity study of luseo-
gliflozin, an oral hypoglycemic agent. This result suggested
that there were no potential changes leading to vascular
proliferation or the development of vascular tumors in the
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mesenteric lymph nodes in the rat carcinogenicity study, in
which a marginal increase in the combined number of hem-
angiomas and hemangiosarcomas of the mesenteric lymph
node was noted in the high-dose males.
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