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20

21 Abstract

22 Hemangiosarcoma (HSA) is amalignant tumor derived from endothelial cells.

23 Tumor-associated macrophages are one of the major components of tumor microenvironment

24 and crucial for cancer development. The presence and function of macrophagesin HSA have

25 not been studied because there is no syngeneic model for HSA. In this study, we evaluated two

26 mouse HSA cell lines and one immortalized mouse endothelial cells for their usefulness as

27  syngeneic models for canine HSA. Our results show that the ISOS-1 cell line develops tumors

28  with similar morphology to canine HSA. ISOS-1 cells highly express KDM2B and have

29  dmilar KDM2B target expression patterns with canine HSA. Moreover, we determine that in

30  both ISOS-1 and canine HSA tumors, macrophages are present as a major constituent of the

31  tumor microenvironment. These macrophages are positive for CD204, an M2 macrophage

32 marker, and express PD-L1. | SOS-1-conditioned medium can induce M2 polarization and

33  PD-L1 expression in RAW264.7 mouse macrophage cell line. These results show that 1SOS-1

34  can be used as a syngenic model for canine HSA and suggest that macrophages play an

35  important role in immune evasion in HSA. Using the syngeneic mouse model for canine HSA,

36 we can further study the role of immune cellsin the pathology of HSA.
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37

38  Introduction

39 Hemangiosarcoma (HSA) is a rapidly growing and highly invasive endothelial cancer.
40  Itisthe most common splenic neoplasm in dogs where it usually develops at 6 to 17 years of
41  age’. Middleto large breed dogs are most commonly afflicted with HSAZ HSA also occurs,

42 dbeit infrequently, in cats, horses, mice, and humans®®. An effective treastment for HSA is

43  difficult to develop since little is known about its molecular pathology. Recently, we found that
44  canine HSA highly expressed three histone demethylases (KDM1A, KDM2A and KDM2B)

45 out of which KDM2B was found necessary for HSA cell survival by positively regulating the
46 DNA damage response system in tumor cells’. KDM2B silencing not only dysregulated DNA
47  damage response but also induced expressions of the genes related to inflammatory responses’.
48  Inhibiting KDM2B could be an option to induce host immune responses against HSA tumor

49  cells. However, we were unable to investigate the function of KDM2B in canine HSA tumor
50  immune responses because the immunodeficient mouse model was not suitable to study the

51  immune responses’. Syngeneic mouse models, otherwise known as allograft mouse tumor

52  models, are composed of tumor tissues derived from the same genetic background asthe

53  mouse strain. The syngeneic mouse models can develop tumorsin afully immunocompetent

54  environment, which can facilitate the examination of the immune-tumor cell interactions. A
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55  syngeneic model for HSA, however, is non-existent.

56 At present, there are few established mouse HSA cell lines such as1SOS-1 and

57 UVQ2.1S0S-1 isamouse HSA cell line established from atumor formed by the

58  xenotransplantation of a human angiosarcoma cell line, while UV Q2 cell line is amouse HSA
59  cell line developed from an ultraviolet light-induced HSA®*°. Their usefulness as a syngeneic
60  model for canine HSA or human angiosarcoma, however, has not been evaluated.

61 Macrophages have two states, M1 and M2. M1 macrophages induced by

62  Lipopolysaccharides (LPS) and IFNy are capable of killing tumor cells and presenting tumor
63  antigensto CD4" T cells™. M2 macrophages are polarized by IL-4, IL-10 and TGFp and are
64  important for tumor growth and immune evasion™. They can produce anti-inflammatory

65  cytokineslike IL-10, IL-3, and TGF-$ which supports tumor development by repressing

66  cytotoxic T cell function™*3. M2 macrophagesin tumor tissues can be detected using CD204
67  (also known as MSR1) asa M2 macrophage marker™. In vitro, CD204 expression is induced
68 by TGFp treatment but LPS-treatment can also induce its expression viathe MAPK/ERK

69  pathway in murine bone marrow-derived macrophages'™®. It is highly likely that M2

70  macrophages support tumor development and facilitate immune evasion in HSA; however,
71  there are no studies that have evaluated their presence and functionsin HSA.

72 In this study, we aimed to evaluate existing mouse HSA cell lines and immortalized
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73  endothelial cellsfor their possible use as a syngeneic model for canine HSA and to identify the

74  constituents of the tumor microenvironment and their roles in canine and mouse HSA

75  pathology.
76
77  Results

78  1SOS-1 cellscan be used as a syngenic model of canine HSA

79 To find syngeneic models for canine HSA, we first characterized two mouse

80  endothelial tumor cell lines; 1ISOS-1 and UV §2, and one immortalized mouse endothelial cell

81 line, LEII. Morphologically, in single layer culture, both the mouse and canine HSA cell lines

82  are characterized by spindle to polygona cells with a moderate amount of cytoplasm and

83  dongate nuclei arranged in cobblestone pattern (Fig. S1A). Then, we inoculated 1SOS-1, LEII

84  and UV {2 into Balb/c mice subcutaneously to determine their tumorigenic potential. All mice

85  inoculated with 1SOS-1 cells developed tumors after 30 days post inoculation (dpi) and

86  reached the endpoint before 65 dpi (Fig. S1B). Mice inoculated with UV $2 or LEII cells,

87  however, did not develop tumors. No metastasis was observed in ISOS-1 inoculated mice at

88  the endpoint. We then made histopathological sections of 1SOS-1 tumors and compared their

89  morphologies with canine clinicall HSA cases. ISOS-1 tumor cells formed variably sized,

90 irregular shaped blood vessels that were separated by thin septa and trabeculae. They showed
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91 oolid and capillary growth patterns which were also observed in canine HSA (Fig. 1A).

92  Spindle-shaped neoplastic endothelial cellsline luminal spacesin asingle layer and are plump,

93  hyperchromatic, and larger than normal endothelial cells (Fig. 1A, insets).

94 Next, we investigated whether ISOS-1, LEIIl and UV $ 2 have similar molecular

95  characteristics with canine HSA. Although Kdmla, Kdm2a and Kdm2b gene expressions in the

96  mouse endothelial cell lines were not expressed more than 2-fold compared with primary

97  mouse lung endothelial cells (MLEC), their protein expressions in 1ISOS-1 were significantly

98  higher thanin MLEC, LEIl and UV 2 (Fig 1B and Fig. S2A). ISOS-1 tumor cellsin Balb/c

99  miceaso expressed KDM2B as high asin canine HSA (Fig 1C). Furthermore, 1ISOS-1 cells

100  had other similar molecular features to canine HSA cell lines such as cellular aneuploidy, low

101  p-ERK expression level and high c-FOS, yH2A.X and H2AK119Ub1 expression levels (Figs.

102 1D-1G).

103 Finally, we treated the mouse endothelial cell lines with GSK-J4, a histone

104  demethylase inhibitor, to know whether GSK-J4 can inhibit their viability and whether it is

105 more effective than doxorubicin like in canine HSA. The results showed that GSK-J4 could

106  inhibit the cell viability of ISOS-1, LEIl and UV ©2 at alower |Cs, compared to doxorubicin

107 (Fig. S2).

108 These results demonstrate the numerous similarities between 1SOS-1 cell line and
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109  canine HSA, and they provide more proof of the usefulness of ISOS-1 as a syngeneic model

110 for canine HSA.

111

112  CD204" macrophageisthe major congtituent in HSA tumor microenvironment

113 To identify the constituent cells of the tumor microenvironment in HSA, we

114  immunohistochemically stained four 1SOS-1 tumors developed in Balb/c mice and

115  twenty-eight clinical HSA samplesin dogs with antibodies for Ibal and CD3, a macrophage

116  andaT cell marker, respectively. T cells were present in minimal amount and were mostly

117  confined in the peripheries of tumor tissues. However, Ibal staining revealed that

118  macrophages were the major components of tumor microenvironment in both 1SOS-1 tumor

119  and canine HSA cases (Fig. 2A). The average percentages of macrophages in tumor tissues

120  were 65.27% and 48.83% in I SOS-1 tumors and canine HSA cases, respectively (Figs. 2B).

121 Next, to know whether HSA cells actively recruit macrophages, we performed

122 Transwell migration assay and compared the number of migrated macrophage-like RAW264.7

123  cellsin conditioned mediafrom MLEC or ISOS-1. Asaresult, the number of migrated

124  RAW?264.7 cells significantly increased when cultured in conditioned medium from |SOS-1

125  compared to the conditioned medium from MLEC (Figs. 2C and 2D). RAW264.7 cells

126 cultured in ISOS-1 conditioned medium did not induce M1 macrophage-related genes but
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127  highly expressed M2 macrophage markers such as HAVCR2 and CD163 (Fig. 2E). The protein
128  expression of CD204, another M2 macrophage marker, was also induced by 1SOS-1

129  conditioned medium in RAW264.7 cells. Lastly, we stained 1SOS-1 tumors and canine HSA
130  cases with anti-CD204 antibody and identified a large number of CD204 positive cellsin

131  I1SOS-1 tumors and canine HSA samples (Fig. 2G)

132 These results suggest that HSA tumor cells recruit macrophages into the tumor

133 microenvironment and polarize them to M2 macrophages.

134

135  Tumor cellsand tumor infiltrating macrophages express PD-L1 in HSA

136 In both 1ISOS-1 tumor and canine HSA cases, macrophages dominate the tumor

137  parenchymaalong with the tumor cells, thus, it is vital to know how these macrophages

138  contribute to HSA pathology. CD204" macrophages in tumor tissues have been reported to
139  express PD-L1 and are associated with tumor malignancy and PD-L 1 upregulation in tumor
140  andimmune cells'"*®. Thus, we decided to examine PD-L1 expressions in tumor cells and

141  macrophagesin clinical HSA casesand HSA cell lines.

142 PD-L1 was expressed in tumor cells and macrophages in 15 out of the 28 (53.6%)
143  and 19 out of the 28 (67.8%) canine HSA cases, respectively (Fig. 3A and Table). 23 out of 28

144  cases (82.1%) expressed PD-L1 in tumor cells and/or macrophages (Table). The PD-L1 siganl
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145  intensity in macrophages was stronger than that in I SOS-1 tumor cells. PD-L1 was also

146 expressed in ISOS-1 and canine HSA cell lines: JuB2, JuB4 and Re21 (Figs 3B and 3C, Figs

147  S3A and S3B). The number of PD-L1 positive cells was dightly increased by |FNy treatment

148  in1SOS-1 whereas amost 100% of canine HSA cells expressed PD-L1 without |FNy

149  treatment (Figs. 3B and C; Figs. S3A and 3B). Double staining of PD-L1 and Ibal verified

150  that macrophagesin ISOS-1 tumorsand canine HSA cases expressed PD-L1 (Fig. 4A). Then,

151  we tested whether HSA tumor cells can induce PD-L 1 expression in macrophages using

152  RAW?264.7 cells. PD-L1 gene expression in RAW?264.7 cells was induced by LPS and | FNy

153  treatment (Fig. 4B). Furthermore, ISOS-1 conditioned medium significantly induced PD-L1

154  protein expression in RAW?264.7 cells (Figs. 4C and 4D).

155 These results suggest that HSA evade immune attack through PD-L1 expression in

156  tumor cells and by inducing PD-L1 expression in macrophages.

157

158 Discussion

159 Here we demonstrated that a mouse HSA cell ling, 1ISOS-1, can be used as a syngenic

160  model for HSA, and that macrophages are the mgjor congtituent of the HSA tumor

161 microenvironment in both 1SOS-1 and canine HSA tumors. We also identified that | SOS-1

162  cellscould recruit macrophages, polarize them to M2 macrophages, and induce PD-L1
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163 expression in macrophages. In this study, we used two mouse HSA cell lines (1ISOS-1 and

164 UV $2) and one immortalized mouse endothelial cell line (LEI) as candidates of syngenic

165  modelsfor canine HSA. As previous studies reported, | SOS-1 was the only mouse HSA cell
166 linethat developed tumorsin immunocompetent mice **°. 1SOS-1 possessed similar molecular
167  features with canine HSA such as high KDM2B expression and similar expression patterns of
168  KDMZ2B targets whereas KDM 2B was not highly expressed in UV ¢2 and LEII. Based on these
169  results and our previous findings that KDM2B plays an important in canine HSA, it ishighly likely
170  that KDM2B isacommon factor for endothelial cell tumor malignancy.

171 We demonstrated that | SOS-1 cells recruited macrophages, polarized them to M2

172 macrophages, and induced PD-L1 expression in macrophages. In canine HSA tumors,

173 macrophages expressed both CD204" and PD-L 1, which suggests that canine HSA cells also
174  attract and induce macrophagesto express PD-L1. Since T cells were located at the periphery
175  of canine HSA cases, macrophagesin canine HSA likely facilitate immune evasion by through
176  induction of PD-L1 expression. Antibodies specific for canine PD-L1 have been developed
177  and have been tested for their safety and efficacy in clinical cases”® . However, anti-PD-L1
178  antibody treatment has not been studied in canine HSA patients. Given that more than 80% of
179  clinical HSA casesthat we examined in our study expressed PD-L1 in tumor cells and/or

180  macrophages, immunotherapy using anti PD-L1 antibody treatment could be useful asan

10
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181  dternative treatment for canine HSA. In our previous study, silencing of KDM2B resulted to
182  increased interferon gamma and alpha responses’. This means that KDM2B inhibition induces
183  immune reaction; therefore, combination therapy with anti-PD-L1 antibody and KDM2B

184  inhibition might provide better outcomes than single treatment with anti-PD-L1 or KDM2B
185  inhibitor treatment in canine HSA.

186 In summary, we identified the similarities between |SOS-1 and canine HSA, and we
187  demonstrated the usefulness of ISOS-1 as a syngeneic model for canine HSA. By taking

188  advantage of 1SOS-1 cells, we characterized the tumor microenvironment in HSA and

189  demonstrated the crosstalk between tumor cells and macrophages for the induction of PD-L1
190  expression. These results provide useful insights for understanding HSA pathology and will be
191  beneficial to develop novel therapeuticsfor HSA.

192

193  Materialsand Methods

194  Cell lines

195 ISOS-1 cells were obtained from the Cell Resource Center for Biomedical Research
196  Cell Bank (Tohoku University)®. UV 92 cells were obtained from RIKEN Bioresource

197  Center'. The LEII cell line was donated by Dr. Kazuhiro Kimura (Hokkaido University) and

198  cultured as described previously”® %, RAW264.7 cells were obtained from RIKEN

11
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199  Bioresource Center®. Canine HSA cell lines (JuB2, JuB4, Re12, Ud6) were given by Dr.

200  Hiroki Sakai (Gifu University)®. All cells used were routinely tested for Mycoplasma using
201  PCR and were submitted to ICLAS Monitoring Center (Kawasaki, Japan) for Mouse hepatitis
202  virustesting®” %,

203

204  Mouselung endothelial cell isolation

205 The primary mouse lung endothelial cell (MLEC) was isolated from a 10-week-old,
206  female, Balb/c mice and were cultured as described elsewhere®. Briefly, freshly isolated

207  mouse lung were minced using autoclaved scissors, digested by collagenase |, and filtered
208  through a 70-um cell strainer. The cell suspension was incubated anti-rat Dynabeads (Thermo
209  Fisher Scientific) conjugated with anti-mouse CD31 antibody (BD Biosciences, NJ, USA,
210  557355). Pooled cells were seeded in a 12-well-plate pre-coated with 0.1% gelatin. Upon

211  reaching confluence, the cells were trypsinized and then incubated with anti-mouse ICAM-2
212  antibody (BD Biosciences, NJ, USA, 553326) conjugated Dynabeads. Pooled cells were

213  seeded in 12-well-plate pre-coated with 0.1% gelatin. Harvested cells were assessed using tube
214  formation assay, 1,1’ -dioctadecyl-3,3,3’,3' -tetramethyl-indocarbocyanine perchlorate Low
215  Density Lipoprotein (Dil-Ac-LDL) uptake, and CD31 gene expression (Figs. S4A - SAC).

216

12
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217  Tubeformation assay

218 Tube formation was performed as described previously®. Briefly, 1 x 10° JuB2 or
219  MLEC suspended in 24-hour JuB2 conditioned medium were seeded in a 24-well plate
220  pre-coated with Corning® Matrigel® Basement Membrane Matrix (Corning Inc. NY, USA).
221  Cellswere observed at 0, 2, 4, and 8 hours after seeding for tube formation.

222

223  Dil-Ac-LDL uptake assay

224 Dil-Ac-LDL uptake assay was performed with Dil-Ac-LDL staining kit (Cell

225  Applications, Inc.) according to the manufacturer’s instructions. Briefly, 6 x 10° of isolated
226  MLEC were cultured in a4-well chamber dide (Nunc Lab-Tek Chamber Slide System,
227  Thermo Fisher Scientific) precoated with Extracellular Matrix Attachment Solution provided
228  inthekit. MLEC were allowed to grow until 95% confluency. Culture medium from each
229  chamber was removed and cells were cultured in 100 pL of culture medium supplemented
230  with 10 pg/mL of Dil-Ac-LDL. Cells were incubated for 4 hours, washed with wash buffer,
231  and then mounted with DAPI-containing mounting medium and covered with 22 x 50 mm
232  coverdip. Cells were examined under a confocal microscope (LSM700, Carl Zwiss,

233  Oberkochen, German).

234
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235  Mice

236 All mouse experiments were performed under the AAALAC guidelines in Hokkaido
237  University (protocol number:20-0083). Six-week-old male and female Balb/c mice purchased
238  from Japan SLC, Inc. (Shizuoka, Japan) were used as breeders for tumor transplantation

239  experiments. Mice were kept in a temperature-controlled specific-pathogen-free facility on a
240 12 hr light/dark cycle. Animalsin all experimental groups were examined at |least twice

241  weekly for tumorigenesis.

242

243 Tumor transplantation studies

244 ISOS-1, LEI, and UV 92 cell lines were cultured in 15 cm dishes accordingly. Mice
245  wererandomly assigned to each group. 2 x 10° 1SOS-1, LEII, or UV Q2 cells were

246  resuspended in Corning® Matrigel® Basement Membrane Matrix (Corning Inc. NY, USA) and
247  inoculated subcutaneously in mice anesthetized with 3% isoflurane. Tumor sizes were

248  measured twice weekly one week after inoculation. Mice were euthanized with CO, when
249  tumors reached 1,500 mm?® in volume or when mice exhibited abnormal behavior. Tumors
250  werefixed in 10% neutral buffered formalin and processed for routine histological

251  examination.

252

14


https://doi.org/10.1101/2021.08.01.454679
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.01.454679; this version posted August 1, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

253  Cell viability analysis

254 Cell viability after doxorubicin or GSK-J4 treatment was measured with Cell
255  Counting Kit-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) according to the
256  manufacturer’s ingructions. The absorbance at 450 nm was measured with NanoDrop™ 2000
257  (Thermo Fisher Scientific). Determination of |Csy were performed using KyPlot 6.0 software
258  (KyensLab, Inc., Tokyo, Japan). Experiments were performed at least three times with
259  triplicates.

260

261  Western blotting

262 Western blotting was performed as described previously’. The antibodies used in this
263  sudy are asfollows. anti-KDM1A antibody (1:1000; Cell Signaling Technology, MA, USA,
264  2139S), anti-KDM2A antibody (1:1000; Abcam, Cambridge, UK, Ab191387), anti-K DM2B
265  antibody (1:1000; Santa Cruz Biotechnology, Inc., TX, USA, sc-293279), anti Actin antibody
266  (1:10000; SigmaAldrich, MO, MAB1501), anti-c-FOS antibody (1:1000; Santa Cruz

267  Biotechnology, Inc., sc-166940), anti-yH2A.X antibody (1:1000; Bethyl Laboratories, Inc, TX,
268  USA. A300-081A-T), anti-p-ERK 1/2 antibody (1:1000; Cell Signaling Technology, 4370S),
269  anti-ERK1/2 antibody (1:1000; Cell Signaling Technology, 4695S), anti-H2AK119Ubl

270  antibody (1:2000; Cell Signaling Technology-8240S), anti-H3 antibody (1:3000; MAB

15
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271  Inditute, Inc. Yokohama, Japan, MABI0001-20), and CD204 (1:125; Medicinal Chemistry
272  Pharmaceutical Co., Ltd., Sapporo, Japan, KT022). All primary antibodies were diluted in Can
273  Get Signal Solution® 1 (TOY OBO, Osaka, Japan). Membranes were washed with

274  Tris-Buffered Saline with 0.1% Tween® 20 (TBS-T) threetimes for 5 mins each time before
275  incubating with ECL Mouse |gG HRP-linked whole antibody (Cytiva, MA, USA, #NA934) or
276  ECL Rabbit 1gG HRP-linked whole antibody (Cytiva, #NA931) diluted in Can Get Signal

277  Solution 2 (TOYOBO, Osaka, Japan). Signal development was performed using |mmobilon®
278  Western Chemiluminescent HRP substrate (Merck Millipore, NJ, USA). ImageQuant LAS
279 4000 mini luminescent image analyzer (GE Healthcare) was used to visualize

280  chemiluminescent signals and the | mageJ software was used to process captured data™.

281

282  Quantitative RT-PCR (qRT-PCR)

283 qRT-PCR was performed as described previously’. The list of primers used in this
284  sudy islisted in Supplementary table. cDNA of mouse mesenchymal stem cells (MM SC),

285  donated by Dr. Yusuke Komatsu (Hokkaido University), were used as a hegative control for
286  CD31 expression.

287

288  Flow cytometry analysis
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289 Flow cytometry for cell cycle was performed as described previously’. Briefly, 2 x
290  10° HSA cells were harvested for each replicate and unstained control. Samples were fixed
291  with 70% ethanol and incubated with propidium iodide (PI) in the dark for 30 mins at 37°C.
292  Unstained cells were incubated with PBS for 30 minsat 37°C. Cell cycle was analyzed in BD
293  FACSVerse™ flow cytometer (BD Biosciences, NJ, USA). Results were analyzed with FCS
294  Express 4 software (De Novo Software, CA, USA). Experiments were performed at least three
295  times with triplicates.

296 For PD-L1 expression analysis, HSA cells were cultured in 6-well plates until 90%
297  confluency. Cells were washed with 1.34 mM EDTA in PBS twice and then detached by

298  adding 1 mL of 1.34 mM EDTA solution and incubating at room temperature (RT) for 10-15
299  mins. Cells were counted and 2 x 10° cells were used for each replicate. Cells were blocked
300  with 10% goat serum in PBS with sodium azide at RT for 15 mins before incubating with anti
301  PD-L1 antibody (1:100; clone 6C11-3A11) or isotyperat |gG2a control (1:50; BD

302  Biosciences) at RT for 30 mins™. Cells were washed with 1% BSA in PBS twice before

303  incubating with secondary anti-rat 1gG antibody conjugated with APC (1:500; Southern

304  Biotech, AL, USA, Catalog no. 3010-11L). Cells were analyzed in BD FACSVerse™ flow
305  cytometer (BD Biosciences, NJ, USA). Results were analyzed with FCS Express 4 software

306  (DeNovo Software, CA, USA). Experiments were performed at least three times with
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307  triplicates.

308

309  RAW264.7 polarization

310 RAW264.7 cells were polarized to M1 or M2 macrophages as described by a

311  previous study®. 1 x 10° RAW264.7 cells were seeded in 10 cm dishes and were stimulated
312  with LPS (100 ng/ml) and IFN-y (20 ng/ml) or TGF-B (10 ng/ml) for 24 hours for their

313  polarization towardsthe M1 or M2 subtype, respectively. RAW264.7 cells were also incubated
314  in 48 hour-conditioned medium from ISOS-1 cell culture filtered with a 0.45 um sterile filter.
315  RAW264.7 cells cultured under normal DMEM medium were considered as MO or

316  unpolarized macrophages.

317

318  Transwell migration assay

319 Migration assay for RAW?264.7 cells was performed as described previously with
320  minor changes®. Briefly, 2.5 x 10° RAW264.7 cellsin 1 mL normal medium were added to
321  ThinCerts cell culture inserts (Greiner Bio-One, Kremsmiinster, Austria) in 6 well plates while
322 2.5 mL of 48 hours conditioned medium from MLEC or ISOS-1 cells were added to the lower
323  wells. After 24 hours, cellsin the upper wells were removed with a cotton swab, filters were

324  fixed with 4% paraformaldehyde in PBS and stained with 0.1% crystal violet solution in DW.
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325  Cell migration was assessed by counting the number of migrated cells in five fields per well at
326 40x magnification.

327

328  Histopathological analysisand |mmunohistochemistry

329 Tissue samples were fixed for at least 48 hoursin 10% neutral buffered formalin,
330  processed routinely, embedded in paraffin, and sectioned 3 pm thick, mounted on glass slides,
331  and stained with hematoxylin and eosin (HE). All tumors were examined for KDM 2B

332  expression and presence of lymphocytes and macrophages using immunohistochemistry (IHC).
333  IHC was performed using antibodiesto Ibal (1:2000, Fujifilm Wako, Osaka, Japan,

334  019-19741), CD3 (1:1000; Agilent Technologies, CA, USA, IR503), KDM2B (1:50; Santa
335  Cruz Biotechnology, Inc.,sc-293279), CD31 (1:250; Abcam, JC/70A), PD-L1 (1:100; clone
336  6C11-3A11), and CD204 (1:800; Medicinal Chemistry Pharmaceutical Co., Ltd., Sapporo,
337  Japan, KT022) as described previously’. Nano Zoomer 2.0-RS (Hamamatsu Photonics,

338  Hamamatsu, Japan) was used to scan histological slides, which were then processed in QuPath
339  ver 0.2.133*. Scanned slides were opened in QuPath as Brightfield (H-DAB), and the

340  Estimate Stain Vectors feature was used to automatically adjust the staining colors. Normal
341  endothelial and tumor cells were detected using the Cell Detection function. The Create

342  Detection Classifiers function was used to label cells based on their morphologies and
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343  locations, allowing the QuPath softwareto correctly classify each cell type. The collected data

344  was exported and used for further analysis.

345

346  Immunofluorescence assay

347 Tissue samples were fixed, processed, and incubated with primary antibodies for

348  |bal and PD-L1 as described above. Tissue samples were washed with PBS three times for 5

349  minutes each before adding a secondary goat anti-rabbit IgG H & L (1:1000, Alexa Fluor®

350 555, Abcam) and Goat Anti-Rat 1IgG H & L (1:1000, Alexa Fluor® 488, Abcam) in 5% skim

351 milk for 1 hour at RT. Sections were washed with PBS three times for 5 mins each, mounted

352  with DAPI-containing mounting medium, and covered with 24 x 32 mm coverslip. Tissues

353  were examined under a confocal microscope (LSM700, Carl Zwiss, Oberkochen, German).

354

355  Statigtical analysis

356 Statistical analyses were performed with Microsoft Excel and R software (version

357  3.6.3). Student’st-test was used to analyze the difference between two groups while Tukey’s

358  test was used to analyze differences between multiple groups. P-values less than 0.05 were

359  considered gtatigtically significant.

360
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361  Dataavailability

362  Thedatasets generated during and/or analyzed during the current study are available from the

363  corresponding author on reasonable request.

364
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478

479  Fig.1. 1SOS-1 presentssimilar morphology and molecular featureswith canine HSA.
480 A, Hematoxylin and eosin (HE) staining in ISOS-1 and canine HSA tumors. B, KDM1A,
481 KDM?2A, and KDM2B protein expressions in MLEC, 1SOS1, LEII, and UVQ2 cell lines. C,
482  KDM2B immunohistochemistry of 1SOS-1 and canine HSA tumors. D, Histograms of Pl
483  intensities in 1SOS1, LEII, and UV$2 cell lines. E, Percentages of cells with aneuploidy in
484 ISOS1, LEll, and UVQ2 cell lines. F, Western blotting for phosphorylated ERK1/2
485 (p-ERKL1/2), c-FOS, yH2A.X and H2AK119ubl in MLEC, 1SOS-1, LEII, and UV Q2 cdll lines.
486 G, Quantification of p-ERK1/2, c-FOS, yH2A.X, and H2AK119ubl in MLEC, ISOS-1, LEII,
487 and UVQ2 cdl lines. p-ERK1/2 expression was normalized with total ERK1/2 expression.
488 c-FOS expression was normalized with Actin expression. H2AK119Ubl and yH2A.X
489  expressions were normalized with H3 expression levels. The protein expression levels in
490  MLEC were set to 1. Data are presented as mean values + s.d. Experiments were performed in
491  triplicates. Scale= 125 um.” P < 0.001, Tukey's test.

492

493  Fig. 2 HSA cellsattract macrophages and polarize them to M 2 macrophages.

494 A, HE staining and immunohistochemistry of CD3 and Ibal for ISOS-1 and canine HSA

495  tumors. B, Quantitative analysis of Ibal pogtive cells in ISOS-1 and canine HSA tumors.
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496  Y-axisindicatesthe percentages of Ibal positive cells relative to al cells comprising the tumor
497  tissue. C, Transwell migration assay in RAW264.7 cells cultured over MLEC- or
498 |SOS-1-conditioned media. D, Quantitative analysis of C. E, Gene expressions of M1 or M2
499  macrophage markers in untreated, LPS and IFN-treated, TGFp-treated, and 1SOS-1
500  conditioned media-treated RAW?264.7 cells. F, (Left) Western blot analysis for CD204 in
501  untreated, LPS and IFN-treated, TGFB-treated, and ISOS1 conditioned media-treated
502 RAW264.7 cels. (Right) Quantitative analysis of the western blotting data G,
503  Immunohistochemistry of CD204 for 1ISOS-1 and canine HSA tumors. Scale = 125 um. Data
504  arepresented as mean values + s.d.

505

506  Fig.3HSA cellsexpress PD-L 1.

507 A, HE staining and immunohistochemistry of PD-L1 for ISOS-1 and canine HSA tumors. HE
508  gaining images are the same as in Fig. 2A because the same samples were used for this
509  experiment. B, Representative images of flow cytometry analysis for PD-L1 in 1ISOS-1 and
510 JuB2 cell lines with/without IFNy treatment. APC indicates PD-L1 expressions. C,
511  Quantitative analysis of B. Scale = 125 um. Data are presented as mean values + sd. P <
512  0.001, Tukey'stest.

513
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514  Fig.41S0OS-1 cellsinduce PD-L1 expression in RAW264.7 cells.

515 A, Immunofluorescence assay for PD-L1 and Ibal in ISOS-1 and canine HSA tumors. Arrows
516  indicate the cells expressing both PD-L1 and Ibal. B, Gene expression levels of PD-L1 in
517  untreated, LPS and IFN-treated, TGFp-treated, and 1SOS-1 conditioned media-treated
518 RAW264.7 cells. C, Representative images of flow cytometry analysis for PD-L1 in
519 RAW?264.7 cells cultured in normal or ISOS-1 conditioned media. D, Quantitative analysis of
520 C.Dataarepresented asmeanvalues+s.d.” P <0.001, Tukey'stest.

521

522
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523 Table

524  PD-L1 expression in tumor and immune cellsin canine HSA.

Patient PD-L1 intensity PD-L1 intensity PD-L1 intensity

No. (years) (tumor cells)  (macrophages) (lymphocytes)

1 Male (castrated) | 7 |Miniature Dachshund - +++
2 Female (spayed) | 7 Golden Retriever +

3 Male 14 |Miniature Schnauzer

4 Female (spayed) | 10 Mixed + +++

5 Male (castrated) | 12 Beagle +

6 Male 8 Labrador Retriever ++ +++

7 Female (spayed) | 10 Miniature Dachshund ++ +++

8 Female (spayed) | 14 |Miniature Dachshund - +++

9 Female (spayed) | 14 |Miniature Schnauzer

10 | Male (castrated) | 12 |Miniature Schnauzer + +++
11 Male 13 French Bulldog

12 | Male (castrated) | 14 |Miniature Dachshund - +++
13 Female (spayed) | 12 | Labrador Retriever - +++
14 | Male (castrated) | 14 Lhasa Apso +

15 | Female (spayed) | 12 Beagle - +++
16 | Female (spayed) | 14 Miniature Dachshund + +++
17 | Male (castrated) | 14 |Miniature Dachshund ++ +++
18 Female 8 |Flat-coated Retriever - +++
19 | Female (spayed) | 11 Scottish Terrier ++ +++
20 Female 5 Golden Retriever ++ +++
21 Male 5 Beagle ++ +++
22 Female 9 Golden Retriever +

23 Male 10 |Miniature Schnauzer ++ +++
24 Female 12 Mixed

25 Male 9 Great Pyrenees - +++
26 Male 7 Jack Russel Terrier

27 Male (castrated) | 8 Labrador Retriever - +4++
28 | Male (castrated) | 10 Maltese + +++
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