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General introduction



Mammary gland tumor (MGT) is one of the most common tumors in female dogs. The

survey in a population of over 80,000 insured female dogs indicated that overall-incidence of

111 per 10,000 dog-years was at risk (Egenvall et al., 2005). Approximately a half of all tumors

in female dogs is MGT, and a half of MGTs is diagnosed as malignant (Brodey et al., 1983;

Gilbertson et al., 1983). Among various types of canine MGTs (cMGTSs), inflammatory

mammary carcinoma (cIMC) is extremely malignant, due to its high potentials of invasion to

surrounding tissues and of metastasis to various organs, including lung, heart, spleen, liver,

urinary bladder, lymph node and brain (Clemente et al., 2010a; Kim et al., 2011; Marconato et

al., 2009; Pefia et al., 2003; Pérez-Alenza et al., 2001). Canine mammary gland carcinoma with

inflammatory symptoms is clinically diagnosed as cIMC, and its histopathological feature is the

emboli of lymphatic vessels with tumor cells (Fig. 0). Mean survival time in dog with cIMC

was about 50 days after diagnosis (Marconato et al., 2009; Pérez-Alenza et al., 2001; Souza et

al., 2009).

Dogs with cIMC are similar to cases of human inflammatory breast cancer (hIBC) (Pefia

et al., 2003). Human IBC is rare but highly aggressive and cancer cells of hIBC also embolized

lymphatic vessels in the skin of the breast. Median survival time of hIBC was less than 4 years

and the 5-year-survival rate was reported to be 34% in the survey from 1988 to 2001 in U.S.A.

(Anderson et al., 2005). The guideline of diagnosis and treatment for hIBC was issued in the



International Conference of Inflammatory Breast Cancer (Dawood et al., 2011). Following the

guideline, patients with hIBC are recommended systemic chemotherapy for the primary

treatment. If the size of tumor is reduced, then radical mastectomy is performed and following

adjuvant radiation therapy is recommended.

In contrast, chemotherapy, surgery and radiation were reported to be less effective for

cIMC (Marconato et al., 2009; Souza et al., 2009). Marconato et al. reported that the mean

survival times of cIMC patients with and without medical treatments were 24 and 80 days,

respectively. They also reported the survival times of three cIMC dogs treated surgery were 40,

264 and 278 days, respectively.

The epithelial-mesenchymal transition (EMT) is a complex biological process by

which the morphology of polarized epithelial cells is converted to fibroblastic mesenchymal

cells. This phenomenon has been known to occur during embryonic development and fibrosis

(Lamouille et al., 2014; Nakaya and Sheng, 2013; Thiery et al., 2009). Several cycles of EMT

and mesenchymal-epithelial transition (MET), the reverse process of EMT, are essential for

final differentiation of internal organ formation (Lamouille et al., 2014; Nakaya and Sheng,

2013; Thiery et al., 2009). During EMT-MET cycle, primary EMT occurs at gastrulation phase;

secondary EMT occurs in somites to generate mesenchymal cells with more restricted

differentiation potential, and final EMT works on heart development (Thiery, 2002).



Recently, EMT was reported to be involved in cancer invasion and metastasis process

(Kalluri and Weinberg, 2009; Tsuji et al., 2009). Induction of EMT is evaluated by the

down-regulation of epithelial markers, such as E-cadherin, cytokeratin and ZO-1 (Kalluri and

Weinberg, 2009) and by the up-regulation of mesenchymal markers, such as vimentin and

fibonectin (Kokkinos et al., 2007; Olmeda et al., 2007). For example, the expression of

E-cadherin changes in both degree and localization during EMT, leading to weakened cell-cell

adhesion interactions (Morali et al., 2001). Cytokeratin and vimentin were reported to be

down-regulated and up-regulated in breast carcinoma patients with micro metastasis,

respectively (Willipinski-Stapelfeldt et al., 2005). Localization of ZO-1 was reported to shift

from cell surface to cytoplasm and nuclear during EMT (Polette et al., 2007). UP-regulation of

fibronectin was reported in breast cancer patients with metastasis (Fernandez-Garcia et al.,

2014).

EMT was reported to be regulated by various growth factors and cytokines (Brown et

al., 2004; Fernando et al., 2011; Fuxe and Karlsson, 2012; Kamitani et al., 2011; Li et al., 2011;

Miettinen et al., 1994; Nicolas et al., 2003; Xu et al., 2009). Among them, transforming growth

factor beta (TGF-) was reported to be one of the key factors that induces EMT with several cell

lines (Xu et al., 2009). For instance, TGF-$ was reported to induce the morphological change,

down-regulation of E-cadherin and up-regulation of fibronectin in mouse mammary gland



epithelial cell (Miettinen et al., 1994). However, TGF- was also reported to induce EMT only

in 2 of the 18 cell lines in one study (Brown et al., 2004). Other factors such as tumor necrosis

factor alpha (TNF-a) and interleukin 6 (IL-6), were also reported to induce EMT in some cell

lines. TNF-a was reported to induce the morphological change, down-regulation of E-cadherin

and up-regulation of vimentin in human prostate cancer cell (Wang et al., 2013a). IL-6 was

reported to induce the morphological change, down-regulation of E-cadherin and up-regulation

of vimentin in human head and neck tumor cell (Yadav et al., 2011).

Inflammation is also an important factor for tumor progression (Balkwill, 2006; Balkwill

and Mantovani, 2001; Diakos et al., 2014; Yang and Wolf, 2009). Inflammatory cytokines were

reported to affect tumor progressions in various tumors (Balkwill, 2006; Balkwill and

Mantovani, 2001; Ben-Baruch, 2003). Secretions of TNF-o, IL-8 and interleukin 10 (IL-10)

were detected from tumor associate macrophages in hIBC patients. These inflammatory

cytokines induced morphological changes and promoted migration and invasion in hIBC cell

line (Mohamed et al., 2014). Furthermore, gene activations of NF-xB related gene which

suggested to be involved in EMT, were reported to be higher in hIBC patients than in non-hIBC

(Lerebours et al., 2008). Thus hIBC is thought to have close relationship with inflammation

inducing EMT.

Based on above, there formed the hypothesis that inflammation and EMT induced by



inflammation affected the malignancy of cMGT. To prove the hypothesis, the following study

was performed. The expressions of EMT markers were compared to evaluate the difference of

EMT between cIMC and non-cIMC in chapter 1. In chapter 2, canine recombinant TGF-p,

TNF-a and IL-6 were purified and examined their availability for the following study. In chapter

3, six cMGT cell lines were stimulated with canine recombinant proteins to investigate whether

EMT was induced (section 1). In section 2 of chapter 3, MGT cell line was cloned for further

investigations. The clonal cells which were sensitive to inflammatory stimulations and had the

most epithelial-like feartures, were stimulated by cytokines and evaluated for expression

changes of EMT markers. In chapter 4, clonal cells which selected in chapter 3 were

subcutaneously injected into nude mice and stimulated with cytokines to investigate whether

inflammatory stimulations induced EMT and affected tumor malignancy in vivo.



Fig 0 Canine inflammatory carcinoma.
Dogs with cIMC exhibit inflammatory symptoms such as redness, edema, hot feeling and pain
(@). The histopathological feature of cIMC is the emboli of tumor cells in lymphatic vessels

with hematoxylin-eosin stain (b).



Chapter 1

Evaluation of epithelial-mesenchymal transition in canine
inflammatory and non-inflammatory mammary

carcinomas



1.1 Introduction

Epithelial-mesenchymal transition (EMT) is a phenomenon that a polarity of cells is

lost and the cell morphology is shifted from epithelial to mesenchymal forms (Kalluri and

Weinberg, 2009). During EMT, expressions of epithelial and mesenchymal markers such as

E-cadherin, cytokeratin, ZO-1, vimentin and fibronectin were shifted (Kalluri and Weinberg,

2009). EMT has been also reported to be involved in cancer invasion and metastasis (Kalluri

and Weinberg, 2009; Tsuji et al., 2009). Various types of carcinoma cells were reported to

acquire mesenchymal phenotype both in vivo and in vitro (Bagnato and Rosano, 2007; Blanco et

al., 2004; Chen et al., 2013). At the invasive front of tumor, tumor lost their polarity and

expression of E-cadherin was reduced (Brabletz et al., 2001). During the process of metastasis,

tumor cells acquired the ability of migration and invasion via EMT and intravasated into blood

and lymph vessels (Tsuji et al., 2009). Then, tumor cells were delivered to metastatic regions

and reacquired epithelial features for engraftments (Christiansen and Rajasekaran, 2006). Indeed,

an ovarian cancer invasion was reported to be promoted via EMT process (Bagnato and Rosano,

2007), and EMT induced by Twist-1 promoted metastasis of breast tumor cells in mouse (Casas

et al., 2011). As mentioned earlier, EMT is closely related to tumor progression and metastasis,

and thought to be a key factor of tumor malignancy. Evaluation of EMT progression and

elucidation of EMT mechanism may lead to effective therapy for each tumor and make an



improvement of prognosis.

Human breast cancer patients with low E-cadherin and high vimentin expression were

reported to show poor prognosis (Liu et al., 2013). Other report indicated that breast cancer

patients with low cytokeratin and/or high vimentin showed a tendency of recurrence and

metastasis (Vora et al., 2009). Furthermore, reduction of E-cadherin was reported to progress

tumor growth, invasion and metastasis in cMGT (Sarli et al., 2004), and expression change of

E-cadherin was reported to correlate with malignancy of cMGT (Yoshida et al., 2014). Thus,

EMT is thought to relate with the malignant behavior of breast cancer and MGT. Human IBC

was reported to secrete TNF-o (Mohamed et al., 2014), one of the EMT inducing factors.

Because of the highly metastatic potentials of hIBC, hIBC is supposed to have relationship with

EMT. However, the information of EMT in clinical samples of hIBC is limited. Regarding to

E-cadherin, it was reported higher expressions of E-cadherin was obseved on the membrane of

cancer cells in primary lesions and intralymphatic tumor cells of hIBC patients than of

non-hIBC (Charafe-Jauffret et al., 2004; Kleer et al., 2001; Levine et al., 2012). Kleer et al.

suggested that this E-cadherin expression in primary lesions may decrease during migration

from primary lesion to secondary lesion. E-cadherin expression on intralymphatic tumor cells

was thought to be one of the possible causes about emboli of dermal lymph vessels (Fernandez

et al., 2013; Morales and Alpaugh, 2009). Expressions of other EMT markers in hIBC tissues
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were still unclear. Canine IMC have severe clinical features and show rapid progression and
metastasis (Clemente et al., 2010a; Kim et al., 2011; Marconato et al., 2009; Pefia et al., 2003;
Pérez-Alenza et al., 2001). Expression of vimentin was reported in cIMC (Clemente et al.,
2010b), but the information of EMT in cIMC is also limited.

The purpose of this chapter was to investigate EMT in cIMC in comparison to

non-cIMC by evaluating the expressions of epithelial and mesenchymal markers.
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1.2 Materials and Methods

1.2.1 Clinical cases with mammary carcinoma

Tissue specimens of cIMC and non-cIMC were used for this study. The diagnosis of

cIMC was made by finding of embolized tumor cells in lymph vessels (Marconato et al., 2009;

Pérez-Alenza et al., 2001). Canine IMC samples were kindly provided from following institutes;

Laboratory of Veterinary Pathology, Graduate School of Agriculture and life Sciences, The

University of Tokyo, Tokyo, Japan; Laboratory of Veterinary Pathology, Department of

Veterinary Science, Osaka Prefecture University, Osaka, Japan; Laboratory of \eterinary

Pathology, Department of Veterinary Medicine, Nippon Veterinary and Life Science University,

Tokyo, Japan, and North lab, Hokkaido, Japan. Non-cIMC samples were collected from The

Veterinary Medical Center, The University of Tokyo. Tumor tissues of cIMC were classified

into tubulopapillary carcinoma (n=17), and tumor tissues of non-cIMC were classified into

tubulopapillary carcinoma (n=19) and complex carcinoma (n=6) according to the International

Histological Classification of Tumors of Domestic Animals of the World Health Organization

(Misdorp et al., 1999). Age, breed and regional lymph node involvement of patients were

obtained from clinical records of these institutes.
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1.2.2 Antibodies

For immunohistochemistry, mouse anti-E-cadherin (BD Biosciences, NJ, USA), rabbit

anti-ZO-1 (Santa Cruz Biotechnology, CA, USA) and mouse anti-cytokeratin 18 (Abcam,

Cambridge, UK) were used as primary antibodies of epithelial markers. The primary antibodies

used for mesenchymal markers were mouse anti-vimentin (Dako Japan, Kyoto, Japan) and

rabbit anti-fibronectin (Dako Japan).

The primary antibodies for immunofluorescence were rabbit anti-E-cadherin (Cell

Signaling Technology, MA, USA) and anti-vimentin (Millipore, MA, USA). Fluorescein goat

anti-rabbit IgG (H+L) (Life technologies, MA, USA) and Alexa Fluor 568 goat anti-mouse 1gG

(H+L) (Life technologies) were used for the secondary antibodies for immunofluorescent

staining.

1.2.3 Immunohistochemistry

Formalin-fixed paraffin-embedded sections were deparaffinized, and then antigen

epitope was retrieved by appropriate methods (Table 1.1). After epitope retrieval, to inactivate

the endogenous peroxidase sections were incubated in 0.3% hydrogen peroxide in methanol for

10 minutes at 4°C with light interception. Then nonspecific protein bindings were blocked using

0.1 % Tween 20 in phosphate buffered saline (PBST) containing 5 % normal goat serum (Sigma

13



Aldrich, MO, USA) for 1 hour at room temperature. Sections were incubated with primary

antibodies with the conditions listed in Table 1.1. After incubation, sections were treated with

polymer solution containing HRP-conjugated antibody against mouse immunoglobulin for

E-cadherin, vimentin and cytokeratin 18, and against rabbit immunoglobulin for ZO-1 and

fibronectin, respectively. Visualizations were done by liquid DAB/hydrogen peroxidase solution

(Dako) with proper durations (Table 1.1). Nuclear counter staining was performed using by

Mayer’s hematoxylin solution.

1.2.4 Immunofluorescent double staining

The overview of the conditions was shown in Table 1.2. Protocols of epitope retrieval

were same as those of immunohistochemistry. Then nonspecific protein bindings were blocked

using PBST containing 5 % normal goat serum for 1 hour at room temperature. Sections were

incubated with primary antibodies simultaneously at 4°C over-night. After incubation, sections

were incubated with secondary antibodies simultaneously for 1 hour at room temperature under

light interception. Then, slides were mounted in DAPI containing Vectashield mounting

medium (Vector Laboratories, CA, USA). Fluorescent images were scanned by LSM 700 (Carl

Zeiss, Oberkochen, Germany).
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1.2.5 Evaluation of EMT

The immunohistochemical slides were examined in the blind of histological diagnosis.

A total of 3 random fields (200x) were selected from tumor region to evaluate the expressions of

epithelial and mesenchymal markers (EMT markers). Epithelial markers used in this chapter

were E-cadherin, cytokeratin 18 and ZO-1. Mesenchymal markers used in this chapter were

vimentin and fibronectin.

In the samples of immunohistochemistry, positive tumor cells for EMT markers were

counted and positive rates of each EMT marker were calculated. EMT was evaluated by the

change rate of EMT marker expression. The change rate considered as EMT was reported to be

from 1 percent to 25 percent (Sarli et al., 2004; Willipinski-Stapelfeldt et al., 2005; Yoshida et

al., 2014). In this study, five percent was set as cut off value to avoid the influence of false

negative and false positive. For epithelial markers, positive rate of less than 95% was

considered to be a loss of epithelial marker. For mesenchymal markers, positive rate of more

than 5% was considered to be an emergence of mesenchymal markers. In this study, these

changes were defined as EMT changes. EMT status of each case was expressed as an

accumulation of EMT changes of five EMT markers scored as 0-5; Change of one marker was

counted as 1.

In immunofluorescent staining samples, co-localization of E-cadherin and vimentin

15



was evaluated in three fields (200x) by confocal laser scanning microscopy. Cells numbers were

counted according to their expression pattern of E-cadherin and Vimentin.

1.2.6 Statistical analysis

Statistical analyses of expression rates of epithelial and mesenchymal markers and

EMT status were performed using Student’s t-test. The relationship between each two EMT

markers was analyzed by Spearman’s rank-correlation coefficient. A chi-square test was used to

evaluate the associations between EMT change of each marker and lymph node metastasis.

Values of p < 0.05 were considered statistically significant.
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1.3 Results

1.3.1 Clinical cases with mammary carcinoma

Total of 42 dogs diagnosed as cIMC and non-cIMC from 1996 to 2013 were included

in this study. Case number of cIMC and non-cIMC was 17 and 25, respectively. Clinical data of

these cases was shown in Table 1.3. The ratio of lymph node metastasis in dogs with cIMC was

significantly higher than in dogs with non-cIMC (p < 0.01). Breeds of cIMC cases included 6

Miniature Dachshund, 3 Shih Tzu, 2 Shiba, Cavalier King Charles Spaniel, Welsh Corgi,

Miniature Schnauzer, Chihuahua and 2 mongrel. Breeds of non-cIMC were as follows; 7

Maltese, 3 Shetland Sheepdog, 2 Shih Tzu, 2 Miniature Dachshund, 2 Toy Poodle, Labrador

Retriever, Siberian Husky, Pug, Pomeranian, Italian Greyhound, Papillon and 3 mongrel.

1.3.2 Expression of EMT markers and EMT status

Positive rates of EMT markers in cIMC and non-cIMC cases were shown in Fig 1.1

and Fig 1.2. Based on positive rates of EMT markers, EMT changes were evaluated and

representative figures were shown in Fig. 1.3. Table 1.5 showed the ratio of cases which

exhibited EMT change of each EMT markers. Significantly higher percentages of EMT changes

such as E-cadherin, vimentin and fibronectin were observed in cIMCs than in non-cIMCs,

thought changes of cytokeratin 18 and ZO-1 were similar in both cases (p < 0.01). EMT change

17



of vimentin had a relationship with lymph node metastasis in cIMC (p < 0.01). The result of

EMT status which obtained by scoring of EMT changes was shown in Table 1.6. An average of

EMT status of cIMC cases was significantly higher than that of non-cIMC cases (p < 0.01)

(Table 1.6).

Expression of fibronectin was increased in cIMCs (p < 0.01). On the contrary,

expression of cytokeratin 18 was significantly reduced in non-cIMCs (p < 0.01). To evaluate the

relationship between each EMT markers, correlations of coefficient were calculated, but no

correlation was observed among EMT markers both in cIMC and non-cIMC cases (Table 1.4).

1.3.3 Co-localization of E-cadherin and Vimentin

Expression pattern of E-cadherin and vimentin were varied among cells (Fig 1.4). All

cells were classified into 5 groups according to the expression degree and localization;

E-cadherin(++)/vimentin(+), E-cadherin(++)/vimentin(-), E-cadherin(+)/vimentin(+),

E-cadherin(+)/vimentin(-) and E-cadherin(-)/vimentin(+) (Fig 1.4). Among these classifications,

number of E-cadherin negative and vimentin positive cells of cIMC cases was significantly

higher than that of non-cIMC cases (p < 0.01) (Fig 1.5).

18



1.4 Discussion

In this chapter, total of 17 cases of cIMC tissue samples was examined to investigate

the relationship between EMT and cIMC comparing with 25 cases of non-cIMC. Canine IMC

contained only tubulopapillary carcinoma in this study, whereas Clemente et al. reported that

although approximate 60 percent of cIMC were involved in tubulopapillary carcinoma, cIMC

also contained solid carcinoma, anaplastic carcinoma lipid-rich carcinoma and carcinosarcoma

(Clemente et al., 2010a). This difference may come from small number of cases. Ages and sizes

of dogs did not show significant difference between cIMC and non-cIMC cases. The ratio of

large breeds with cIMC was about 25% in this study. The total of 127 female dogs was reported

to diagnosed as cIMC and a half of them was large breed (Clemente et al., 2010a; Marconato et

al., 2009; Pefia et al., 2003; Pérez-Alenza et al., 2001; Souza et al., 2009). The ratio of large

breeds with cIMC in this study was low comparing to those investigated in foreign countries,

which was thought to reflect the low number of large breeds in Japan. Although large breeds

were reported to be more affected with malignant MGT compared with small breeds in dogs

(Itoh et al., 2005), the ratio of large breed was almost same in both cIMC and non-cIMC in this

study. This result may indicate that the risk of onset of cIMC was not difference between large

and small breeds. In addition, the age of onset was similar between cIMC and non-cIMC. It may

indicate that tumorigenesis of cIMC and non-cIMC is similar in their onset. After onset of

19



carcinoma, some kind of factors may make differences between the tumor progression of cIHC

and non-clHC.

EMT in both cIMC and non-cIMC was evaluated by scoring of expression changes of

EMT markers; down-regulations of epithelial markers and up-regulations of mesenchymal

markers in specimen. The average score of EMT change in cIMC was significantly higher than

in non-cIMC. As the average score represents cumulative numbers of changed EMT markers per

case, higher average in cIMC was thought to suggest closer relationship between EMT and

cIMC than non-cIMC. Regarding to each EMT marker expression, the ratio of changes in 3

EMT markers, E-cadherin, vimentin and fibronectin, were higher in cIMCs than in non-cIMCs.

Similarly, there were significantly higher ratio of E-cadherin(+)/Vimentin(-) cells which were

considered to be progressing in EMT in cIMC than in non-cIMC. Although lymph node remarks

were limited in this study, obtain of vimentin was supposed to be associated with lymph node

metastasis. Furthermore, the positive cell rate of fibronectin was significantly higher in cIMC

than in non-cIMC. These three EMT markers were reported to be related to tumor proliferation,

invasion and metastasis in cMGT (Pefia et al., 1994; Rismanchi et al., 2014; Sarli et al., 2004).

Therefore, there was a possibility that these EMT marker changes were related to the higher

malignancy of cIMC. On the other hand, the positive cell rate of cytokeratin 18 was

significantly lower in non-cIMC than in cIMC, although EMT changes in this marker had been

20



observed in both groups. Reduction of cytokeratin 18 expression was reported to be related to

proliferation of tumor and to be related with poor prognosis in human breast cancer

(Willipinski-Stapelfeldt et al., 2005; Woelfle et al., 2004).. Because tissue samples investigated

in this study were diagnosed as malignant, EMT change in cytokeratin 18 observed in both

groups may be associated with their malignancy. Although cytokeratin 18 was reported to

participate in oncogenic transformation, cell proliferation and apoptosis through various

signaling pathway, the role of cytokeratin 18 in tumor was still unclear (Weng et al., 2012)

Further investigation of consequence of difference in cytokeratin 18 expression rates between

cIMC and non-cIMC including the search of relative factors and prognostic data was needed.

EMT was suggested to occur and proceed in cIMC comparing to non-cIMC, whereas

relationship between EMT and clinical data was not observed in this study. This might be

caused by small number of cases. In addition, clinical and prognostic data were not sufficiently

obtained in this study, because samples and clinical data were collected from multiple institutes.

Large scale survey was needed to clarify the relationship between EMT on cIMC and clinical

and prognostic data.

In this chapter, cIMC showed closer relationship with EMT in comparison to

non-cIMC. Malignancy of cIMC such as rapid growth and metastasis was suggested to relate to

EMT. To reveal the relationship between EMT and cIMC, further extensive studies both in vitro
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and in vivo was thought to be needed. Induction of EMT by several cytokines in cMGT cell

lines and evaluation of EMT changes were performed in following chapter.
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Table 1.1 Protocols for immunohistochemistry.

Primary antibody  Antigen-retrieval Reaction condition DAB®

E-cadherin 121°C, 5 min in CB? 1:150, 4°C, over-night RT?, 3 min
Vimentin 121°C, 5 min in CB* 1:50, 37°C, 1 h RT? 1 min
Cytokeratinl8 121°C, 5 min in CB* 1:500, 4°C, over-night RT?, 2 min
Z0-1 121°C, 5 min in CB* 1:100, 4°C, over-night RT? 3 min
Fibronectrin RTz, 5 min, in proteinase K 1:1000, 37°C, 50 min RTZ, 50 sec

1cB, 10mM sodium citrate buffer, pH6.0
2RT, room temperature
®DAB, 3, 3’-diaminobenzidin/hydrogen peroxide solution
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Table 1.2 Protocols for immunofluorescent double staining.

Primary antibody  Antigen-retrieval Reaction condition Secondary antibody Reaction condition
E-cadherin 121°C, 5 min in CB'  1:300, 4°C, over-night Fluorescein anti rabbit IgG 1:300, RT? 1h
Vimentin 121°C, 5 min in CB!  1:500, 4°C, over-night Alexa Fluor 568 anti mouse IgG  1:300, RT? 1h

'CB, 10mM sodium citrate buffer, pH6.0

’RT, room temperature
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Table 1.3 Clinical data of cIMC and non-cIMC patients.

Clinical data
Historogical diagnosis n=42
ciMC
Tubulopapillary carcinoma  17(100%)
non-cIMC
Tubulopapillary carcinoma  19(76%)
Complex carcinoma 6(24%)
Age(years)
mean
cIMC 11.5+2.3
non-cIMC 11.7£2.1
median
cIMC 12
non-cIMC 11.5
Breed
cIMC
small 11(64.7%)
large 4(23.5%)
mongrel 2(11.8%)
non-cIMC
small 17(68.0%)
large 5(20.0%)
mongrel 3(12.0%)
Lymph node metastasis
cIMC 11/12(91.7%)
non-cIMC 6/16(37.5%)
%*:p<0.01
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Table 1.4 Correlations of EMT markers.

ciMC

Correlation of coefficient

E-cadherin  Vimentin  Cytokeratin18 Z0O-1 Fibronectin
E-cadherin - -0.33 0.38 -0.25 0.11
Vimentin - -0.27 0.14 0.27
Cytokeratinl8 - 0.27 0.23
Z0-1 - 0.39
Fibronectin -

IMC Correlation of coefficient

non-c E-cadherin  Vimentin  Cytokeratin18 Z0O-1 Fibronectin
E-cadherin - -0.16 0.36 -0.14 0.22
Vimentin - -0.15 -0.19 0.14
Cytokeratinl8 - 0.10 0.38
Z0-1 - -0.00
Fibronectin -
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Table 1.5 Number of cases which showed EMT change of each EMT markers
in cIMC and non-cIMC groups.

The ratio of cases which exhibit EMT change (%)

E-cadherin  Vimentin Cytokeratin18 Z0-1 Fibronectin

cIMC 59 * 88 * 100 29 100*
non-ciMC 20 36 100 28 72
*:p<0.01
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Table 1.6 EMT status of cIMC and non-cIMC cases.

EMT status
0 1 2 3 4 5 Average
cIMC (n=17) 0 0 0 6 9 2 3.76 *
non-cIMC (n=25) 0 3 10 8 3 1 2.56

*:p<0.01
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EMT change No change

E-cadherin

Cytokeratinl8

Z0-1

Fig 1.1 EMT changes based on the expressions of epithelial markers.

For epithelial markers (E-cadherin, cytokeratin 18 and ZO-1), positive rate of under 95% in

average of tumor cells was determined as EMT change.



EMT change No change

Vimentin

Fibronectin

Fig 1.2 EMT changes based on the expressions of mesenchymal markers.

For mesenchymal markers (vimentin and fibronectin), positive rate of over 5% in average was

defined as EMT change.
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Fig 1.3 Positive rate of EMT markers’ expression.

Positive rates of both epithelial and mesenchymal markers were plotted. The reduction of
cytokeratinl8 expressions was significantly higher in non-cIMC than in cIMC. The expression
rate of Fibronectin was significantly higher in cIMC than in non-cIMC.

*:p<0.0L
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(x200)

Fig 1.4 Expression and localization of E-cadherin and Vimentin.

Figure showed a representative image (x200) of double staining with E-cadherin (green) and

vimentin (red) on cIMC cells. Expression pattern was varied among cells; strong expression of

E-cadherin and no expression of vimentin (yellow arrow), weak expression of E-cadherin and

no expression of vimentin (yellow arrowhead), no expression of E-cadherin and expression of

vimentin (white arrow) and weak expression of E-cadherin and expression of vimentin (white

arrowhead). Green: E-cadherin. Red: Vimentin. Blue: DAPI.
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Fig 1.5 Co-localizations of E-cadherin and Vimentin.
Co-localizations of E-cadherin and vimentin were evaluated. The rate of E-cadherin negative

and vimentin positive cells (E-cadherin(-)/Vimentin(+) cells) was significantly higher in cIMC

cases than in non-cIMC cases.

*k: p <0.01. Vertical bar represents SE.
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Chapter2

Investigation of the ability of canine recombinant

inflammatory cytokines to induce EMT in MDCK cells



2.1 Introduction

In the previous chapter, cIMC showed stronger EMT change in comparison to

non-cIMC. EMT has been reported to be regulated by various growth factors and cytokines

(Brown et al., 2004; Fernando et al., 2011; Fuxe and Karlsson, 2012; Kamitani et al., 2011; Li et

al., 2011; Miettinen et al., 1994; Nicolé&s et al., 2003). For example, TGF-§ induced EMT in

mouse mammary gland epithelial cells (Miettinen et al., 1994). In this report, morphological

change and reduction of E-cadherin and ZO-1 were reported. Co-stimulation of TGF-f and

TNF-a was reported to induce morphological change and vimentin expression in bronchial

epithelial cells (Kamitani et al., 2011). IL-6 was reported to induce morphological change and

expression change of E-cadherin and vimentin in head and neck tumor cell (Yadav et al., 2011).

As cIMC exhibits inflammatory clinical signs, EMT in cIMC was thought to be affected by

these factors, especially inflammatory cytokines. For further investigation of relationship

between malignancy of cMGT and inflammation inducing EMT, it is important to reveal the

role of inflammatory cytokines during EMT.

In veterinary medicine, human recombinant TGF-f is known to induce EMT in

Madin-Darby canine kidney (MDCK) cells (Moyano et al., 2010; Zhang et al., 2006), but it

remains unclear whether inflammatory cytokines can induce EMT in this cell line. Cross

reactivity of cytokines differed with each cytokines (Just et al., 1991; Vieira et al., 1991).
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Additionally, homology between human gene and canine gene of these cytokines is not so high.

To investigate EMT in dogs accurately, construction and purification of canine recombinant

cytokine was thought to be needed.

The purpose of this chapter was to construct and purify canine recombinant TGF-g,

TNF-a and IL-6 for the studies of following chapter. Their effects of EMT induction on MDCK

cells were evaluated by changes of E-cadherin expression and cell morphology.
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2.2 Materials and methods

2.2.1 Cell culture

MDCK cells were kindly provided by Associate Professor Horimoto at the University

of Tokyo and were cultured in Dulbecco’s modified Eagle’s medium (DMEM; Wako, Osaka,

Japan) containing 5% fetal bovine serum (FBS). Canine mammary gland tumor cell line, CHMp

(Uyama et al., 2006), cells were cultured in RPMI1640 containing 10% FBS. These cells were

maintained in a humidified atmosphere of 5% CO, at 37°C.

2.2.2 RNA isolation

Canine RNA was extracted from CHMp cells using TRI Reagent (Molecular Research

Center Inc., OH, USA) according to the manufacturer’s instructions. Canine macrophage RNA

was kindly provided by Professor Tsujimoto at the University of Tokyo (Goto-Koshino et al.,

2011).

2.2.3 Expression and purification of cTGF-p, ¢cTNF-a, and cIL-6

cDNA of cTGF-p was amplified by reverse transcription-polymerase chain reaction

(RT-PCR) from canine RNA extracted from CHMp cells using SuperScript Il Reverse

Transcriptase (Invitrogen, CA, USA). The cDNA of cTNF-a and cIL-6 were amplified from
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canine RNA extracted from canine macrophages. Primers used in this study are listed in

Table2.1. Amplified cDNA fragments were cloned into a pGEX-6p-2 vector (GE Healthcare, NJ,

USA). Escherichia coli BL21 (DE3) cells were grown at 25°C, and protein expression of the

recombinant  plasmids  was induced by the addition of 0.1 mM

isopropyl-B-D-thiogalactopyranoside (IPTG). For GST and LPS residual control, a pGEX-6p-2

vector alone and no vector control were transfected with E. coli BL21 cells. E. coli BL21 cells

were harvested by centrifugation, resuspended, and sonicated in a sonication buffer (40 mM

Tris-HCI, pH 7.5, 150 mM NaCl, 5 mM EDTA, and 0.5% Triton X-100). Recombinant proteins

were purified by affinity chromatography using Glutathione-Sepharose 4 beads (GE Healthcare).

Proteins bound to the beads were washed with and resuspended in cleavage buffer (50 mM

Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM EDTA, and 1 mM dithiothreitol (DTT)). Next, Pre

Scission protease (GE Healthcare) was added and the suspension was incubated overnight at 4°C.

After centrifugation, the first supernatant was collected. Collected supernatants were dialyzed

against phosphate-buffered saline (PBS). Recombinant proteins were detected by western blot

analysis. Briefly, solutions of recombinant proteins were used in a mixture of sample buffer

(100 mM Tris-HCI, pH6.8, 2% sodium dodecyl sulfate (SDS), 12% 2-mercaptoethanol, 20%

glycerol, and bromophenol blue). Samples were run on 4-15% Mini-PROTEAN TGX gel

(Bio-Rad Laboratories, CA, USA) and transferred to polyvinylidene fluoride (PVDF)
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membranes (Bio-Rad). The membranes were then incubated with rabbit anti-TGF-p; (1:1000;

LifeSpan Biosciences Inc., WA, USA), rabbit anti-TNF-a (1:500; Abgent, CA, USA), and goat

anti-canine IL-6 (1:1000; R&D systems, MN, USA), followed by incubation with anti-mouse

IgG conjugated to horseradish peroxidase (HRP) (1:10,000; GE Healthcare), anti-rabbit 1gG

conjugated to HRP (1:10,000; GE Healthcare), and anti-goat lIgG conjugated to HRP

(1:100,000; Santa Cruz Biotechnology). Signals were detected using the Luminata Forte

Western HRP substrate (Millipore). The experiment was approved by the Life Science

Committee of the Graduate School of Agricultural and Lifesciences, the University of Tokyo.

(Accession number: 541-2323)

2.2.4 Cell stimulation

Recombinant cTGF-B, cTNF-a, clL-6, and GST residues were added to the cells at a

final concentration of 10 ng/mL and residual LPS control was added at the same dilution of

cIL-6, minimum dilution ratio. Cells were incubated at 37 °C for 24 h. Cells were lysed in

Triton X-100 buffer (0.5% Triton X-100, 2.5 mM EDTA, 5 mM MgCl,, and 50 mM PIPES; pH

6.2) and collected as soluble fractions. Insoluble cell fractions were washed twice with Triton

X-100 buffer and then extracted in buffer containing 1% SDS.
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2.2.5 Immunoblot analysis

Cell lysates in sample buffer were used for immunoblot analysis. Samples containing

10 ug of total protein per lane were subjected to gel electrophoresis and transferred to PVDF

membranes as described above. The membranes were then incubated with mouse

anti-E-cadherin antibody (1:2000; BD Biosciences) and mouse anti-actin antibody (1:10,000;

Millipore), followed by incubation with anti-mouse IgG conjugated to HRP. Signals were

detected as described above. Quantifications of signals were performed by using Imagel

software.

2.2.6 Immunofluorescent staining

MDCK cells were stimulated as described in section 2.2.4, and incubated for 6 h and

24 h. Cells were fixed with 4% paraformaldehyde (PFA) in PBS and blocked with PBS

containing 10% bovine serum albumin for 1 h. Next, cells were incubated with anti-E-cadherin

antibody for 1 h, followed by incubation with Alexa 568-conjugated goat anti-mouse 1gG

antibodies (Invitrogen) for 30 min at room temperature. Cells were then washed three times

with PBS and mounted in DAPI containing Vectashield mounting medium (Vector

Laboratories).
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2.2.7 Cell morphology

MDCK cells were starved for 24 h, followed by stimulation with recombinant cTGF-,

CTNF-a, and clIL-6 at a final concentration of 10 ng/mL in DMEM containing 0.1% FBS, and

incubated at 37°C for 6 days. Cells were fixed with 4% PFA in PBS and stained with

Wright-Giemsa stain.
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2.3 Results

2.3.1 Purification of cTGF-B, ¢cTNF-a, and c¢IL-6

Recombinant cTGF-B, cTNF-a, and clL-6 were expressed by E. coli (BL21) cells and

purified by using Glutathione-Sepharose 4 beads and Pre Scission protease. After cleavage of

GST fusion recombinant proteins using Pre Scission protease, recombinant cTGF-B, cTNF-a,

and clL-6 were isolated (Fig. 2.1). These cytokines were used in the following experiments.

2.3.2 Transition of localization and reductions of E-cadherin expressions

At 6 h post-stimulation (p.s.), expression of E-cadherin levels in the insoluble fractions

were reduced, whereas increased in the soluble fractions except for the stimulation followed by

TGF-B stimulation. This may represent a shift in the localization of E-cadherin. At 12 h p.s.,

changes in expression patterns were observed in soluble fractions. At 24 h p.s., the total amounts

of E-cadherin were reduced under all conditions. In addition, co-stimulation caused significant

down-regulation of E-cadherin expression (Fig. 2.2).

Immunofluorescent staining also showed that inflammatory cytokines induced a

reduction in cell surface E-cadherin (Fig. 2.3). Co-stimulation enhanced this phenomenon,

particularly following TGF-§ /IL-6 stimulation. GST residues and residual LPS had no effect on

E-cadherin expression (date not shown).
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2.3.3 Effects of TNF-a on morphology of MDCK cells

The morphological change from epithelial to mesenchymal form is one of the most

essential features of EMT. In this study, cell stimulation induced a decrease in adhesion

molecules at 24 h after stimulations, but no changes in cell morphology were observed at 24 h.

However, 6 days after stimulations, morphological changes had occurred. TGF-B and IL-6 did

not induce the change of cell shape, but TNF-o and TGF-B/TNF-a induced significant

morphological changes from cobble to spindle forms, and weakened cell-cell adhesion

interactions (Fig. 2.4). GST residues and residual LPS also had no effect on cell morphology

(date not shown).
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2.4 Discussion

Most cell stimulation studies on canine cells were carried out using human

recombinant proteins (Morita et al., 2007; Wang et al., 2013b; Zhang et al., 2006, 2014).

However, the homology level between human and canine RNA is not high; homology levels

between TGF-B, TNF-a, and IL-6 RNA are 92%, 91%, and 76%, respectively. Because the

effects of these disparities were unclear, construction of recombinant proteins derived from dogs,

CTGF-B, cTNF-a, and cIL-6, was thought to be needed for evaluating EMT in canine cells

correctly.

In this study, cTGF-B, cTNF-a, and clL-6 were expressed by E. coli (BL21) cells and

purified successfully. Purified cTGF-B, ¢cTNF-0, and clL-6 were detected by western blot

analysis at 13 kDa, 17kDa and 21 kDa, respectively. The possibility of contamination of minor

residual LPS and GST in purified cytokines existed, because these cytokines were expressed by

E. coli (BL21) cells using pGEX-6p-2 vector which contained GST coding region. These

residual LPS and GST did not affect MDCK cells. These cytokines successfully induced EMT

change in MDCK cells with the concentration of 10 ng/mL. In the pilot study, 1 ng/mL of

CTGF-B did not induce E-cadherin reduction but 10 ng/mL of cTGF-f sufficiently reduced

E-cadherin expression. Therefore, these cytokines were suitable for cell stimulations and

stimulations were performed at 10 ng/mL.
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The results obtained in this chapter indicated that the down-regulation and the shift of

E-cadherin were induced not only by TGF-B, but also by inflammatory cytokines, TNF-a and

IL-6. E-cadherin was reported to shift its localization from membrane to cytoplasm during EMT

(Morali et al., 2001). These three recombinant cytokines were suggested to induce EMT in

MDCK cell. The loss of cell surface E-cadherin was caused by cTGF-B/cTNF-a co-stimulation

and cTGF-B/clL-6 co-stimulation at six and twenty four hours post-stimulation, whereas single

stimulation by cTGF-B, cTNF-a and clL-6 caused little changes of cell surface E-cadherin

expressions at these time points. Furthermore, cTNF-o stimulation and cTGF-B/cTNF-a

co-stimulation induced morphological change of MDCK cells. Co-stimulation of TGF-$ and

inflammatory cytokines such as TNF-o. and IL-6 were reported to enhance morphological

change and expression change of E-cadherin in lung cancer cell lines (Abulaiti et al., 2013;

Kawata et al., 2012). TGF-p and inflammatory cytokines were suggested to interact with each

other and enhance the functions of EMT inducing factors. Thus, the inflammatory cytokines

were thought to be not only inducer of EMT but also enhancer of EMT induced by other

inducing factor.

Loss or reduction of E-cadherin and morphological change of cells were some features

of EMT. Although these three recombinant cytokines showed partials of EMT phenomena, these

were thought to be EMT inducible factors. Therefore, in the following chapter, EMT in cMGTs
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was investigated in vitro and in vivo using these cytokines.
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Table 2.1 Gene information and primer sequences.

Recombinant | Accession . Primer Length of PCR
. Primer sequence .
protein number position fragment
CTGF-B 134956.1 5'- CGGAATTC CCGCCCTGGACACCAACTA -3 892-908 239bp
5'- ACGCGTCGAC TCAGCTGCACTTGCAGGA -3’ 1213-1230
5'- CGCGGATCC GTCAAATCATCTTC -3’ 229-242
cINF-a | DQ9Z3808 I GTCGAC TCACAGGGCAATGATTCC -3’ | 685-700 472bp
cIL-6 AF275796.1 5’- CGCGGATCC ATGAACTCCCTCTCCA -3 1-16 624bp
5'- ACGCGTCGAC TCACATTATCCGAACA -3’ 609-624

*k Restriction sites are indicated in italics

47



o K’ ©
S & ,
NI, & &
S8 S8 Soes
CHRSNG SRS QRN
49KDa s
45kDa we—=
41kDa "
21kDa —
17kDa -
13kDa P—

Fig. 2.1 Purification of recombinant cTGF-$, cTNF-a, and clL-6.

Recombinant cTGF-B, cTNF-a, and clL-6 were expressed by E. coli (BL21) and purified by

using Glutathione-Sepharose 4 beads and Pre Scission protease. Recombinant proteins were

detected by anti-TGF-f; antibody, anti-TNF-a antibody, and anti-IL-6 antibody. The molecular

weights of cTGF-B, cTNF-a, clL-6, and glutathione S transferase (GST) were 13 kDa, 17 kDa,

21 kDa, and 28 kDa, respectively.
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Fig.2.2 Reduction and shift of E-cadherin.

MDCK cells were stimulated with TGF-B (10 ng/mL), TNF-o. (10 ng/mL), and/or IL-6 (10
ng/mL). After 6 hr, 12 hr, and 24 hr post-stimulation, cells were lysed with Triton X-100 buffer
or SDS buffer. Expressions of E-cadherin were determined by western blot analysis. After 6 hr

post-stimulation, localization of E-cadherin shifted from insoluble fraction to soluble fraction.
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After 24 hr post-stimulation, E-cadherin in insoluble fraction was significantly reduced.

*k: p <0.05. Vertical bar represents SE.
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Fig.2.3 Change in the amount of cell surface E-cadherin.

MDCK cells were stimulated with TGF-$ (10 ng/mL), TNF-a (10 ng/ml) and/or IL-6 (10
ng/mL). Six hours and 24 h post-stimulation, cells were fixed and immunostained with mouse
anti-E-cadherin antibody, followed by Alexa 568-conjugated goat anti-mouse IgG. Nuclei
were stained with DAPI. E-cadherin expression was reduced at the cell surface, especially in

co-stimulating cells. Red: E-cadherin. Blue: DAPI.
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Fig.2.4 Morphological changes in MDCK cells.

MDCK cells were stimulated with TGF- (10 ng/mL), TNF-a. (10 ng/mL), and/or IL-6 (10
ng/mL). Six days post-stimulation, cells were fixed and stained with Wright-Giemsa stain.
TGF-B and IL-6 did not substantially change the cell morphology. However, TNF-o. and
TGF-B/TNF-o. weakened cell-cell adhesion interactions and induced morphological changes

from cobble to spindle forms.
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Chapter 3

Effects of inflammatory cytokines on EMT marker

expressions in cMGT cells



3.1. Introduction

The epithelial-mesenchymal transition (EMT) is a complex biological process by

which the morphology of polarized epithelial cells is converted to fibroblastic mesenchymal

cells. EMT in cancer cell has been reported to be induced by various cytokines and related to

tumor malignancy. For instance, human TGF-$ was reported to induce EMT in human breast

cancer cell (Li et al., 2014) and ovarian cancer cells (Gao et al., 2014).In addition, human

TNF-a, human IL-6 and human IL-8 were also reported to induce EMT in various cancer cells

(Fernando et al., 2011; Ho et al., 2012; Rokavec et al., 2014; Wang et al., 2013b). On the other

hand, it has been well known that inflammation in microenvironment affects the growth of

tumor (Coussens et al., 2013). As one of the distinguish feature of cIMC is severe inflammation

associated with tumor mass, it is suspected that the inflammation has close relationship with the

malignancy of cIMC. Actually, amount of infiltrations of tumor associate macrophage and

secretions of TNF-a, IL-8 and IL-10 in hIBC patients were higher than in non-hIBC patients

(Mohamed et al., 2014). These inflammatory cytokines were also reported to promote morphological

change, cell migration and invasion in hIBC cell lines (Mohamed et al., 2014). Because clinical

features of cIMC are similar to those of hIBC, it was hypothesized that inflammatory

stimulation by various cytokines in the tumor microenvironment contributed the malignancy of

cIMC through induction of EMT.
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The purpose of this chapter was to investigate whether canine TGF-B, TNF-a and IL-6,

which were successfully obtained in the previous chapter, induced EMT in cMGT cell lines by

the evaluation of EMT marker expressions. In section 1, to evaluate the effects of inflammatory

cytokines on ctMGT cell, six cMGT cell lines were stimulated with cytokines and investigated

whether the expression changes of EMT markers were induced by inflammatory stimulation.

For further investigation, cMGT cell line was cloned and a clonal cell line was stimulated with

cytokines to investigate effects of inflammatory stimulation in section 2.
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Section 1: Expression changes of EMT markers in cMGT cell lines stimulated with

cTGF-B, cTNF-a and clL-6

3.1.2 Materials and methods

3.1.2.1 Cell culture

Canine MGT cell lines, CHMp, CHMm, CTBp, CTBm, CIPp and CIPm cell (Uyama

et al.,, 2006) were used in this section (Table 3.1.1). Cells were cultured in RPMI1640

containing 10% FBS at a humidified atmosphere of 5% CO, and 37°C.

3.1.2.2 Reagent

Canine recombinant proteins, cTGF-B, cTNF-a and cIL-6, prepared as described in

chapter 2 were used.

3.1.2.3 Cell stimulation

Six cMGT cell lines were stimulated with recombinant cTGF-B, cTNF-a and clL-6

singly or coincidentally at a final concentration of 10 ng/mL. Stimulated cells were harvested at

24 hours post simulation.
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3.1.2.4 Immunoblot analysis

Cell lysates were collected as described in chapter 2. Lysates of insoluble fraction of

stimulated cells were used in a mixture of sample buffer (100 mM Tris-HCI, pH6.8, 2% sodium

dodecyl sulfate (SDS), 12% 2-mercaptoethanol, 20% glycerol, and bromophenol blue). Samples

were containing 10 g of total protein per lane, and run on 4-15% Mini-PROTEAN TGX gel

(Bio-Rad), then transferred to polyvinylidene fluoride (PVDF) membranes (Bio-Rad). The

membranes were then incubated with mouse anti-E-cadherin antibody (1:2,000; BD

Biosciences), rabbit anti-ZO-1 (1:2,000; Santa Cruz Biotechnology), mouse anti-vimentin

(1:2,000; Millipore), mouse anti-N-cadherin (1:2,000; Abcam), rabbit anti-fibronectin (1:5,000;

Dako Japan) and mouse anti-actin antibody (1:10,000; Millipore), followed by incubation with

anti-mouse 1gG conjugated to horseradish peroxidase (HRP) (1:10,000; GE Healthcare) and

anti-rabbit 1gG conjugated to HRP (1:10,000; GE Healthcare). Signals were detected using the

Luminata Forte Western HRP substrate (Millipore). Quantifications of signals were performed

by using ImageJ software.
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3.1.3 Results

EMT marker expression patterns of non-stimulated cell were similar within CIP pair

and not within CHM and CTB pairs. Difference expression patterns of EMT marker between

CHMp and CHMm were E-cadherin, N-cadherin and ZO-1 (Fig. 3.1.1 and Fig. 3.1.2).

Difference expression patterns of EMT marker between CTBp and CTBm were E-cadherin and

N-cadherin (Fig. 3.1.3 and Fig. 3.1.4).Similar expression patterns of EMT marker between CIPp

and CIPm were E-cadherin, N-cadherin, fibronectin and vimentin (Fig. 3.1.5 and Fig. 3.1.6).

Six cell lines of cMGT were stimulated with cTGF-f, cTNF-a and clL-6. Expression

changes of EMT markers were varied among these cell lines. In CHMp cells, expressions of

Z0-1 were down-regulated by cTNF-a and cTGF-B/cIL-6 stimulations, and up-regulated by

clL-6 and cTGF-B/cTNF-o stimulations. Expressions of N-cadherin were up-regulated by

CTGF-B, cTNF-a and cIL-6 stimulations. Expressions of fibronectin were down-regulated by all

stimulations. Expressions of vimentin were down-regulated by all stimulations except cTGF-

stimulation. (Fig. 3.1.1). In CHMm cells, expressions of E-cadherin were up-regulated by

CTNF-a and cIL-6 stimulations. Expressions of ZO-1 were down-regulated by cTGF-B, cIL-6

and cTGF-B/cTNF-a stimulations, and up-regulated by cTNF-a stimulation. Expressions of

fibronectin were down-regulated by cTNF-a, clIL-6 and cTGF-B/cIL-6. Expressions of vimentin

were down-regulated by all stimulations (Fig. 3.1.2). In CTBp cells, expressions of E-cadherin
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were down-regulated by all stimulations except cTGF-f stimulation. Expressions of ZO-1 were

up-regulated by all stimulations except cTGF-B/cTNF-a stimulation. Expressions of fibronectin

were up-regulated by all stimulations except cTGF-f stimulation. Expressions of vimentin were

down-regulated by all stimulations (Fig. 3.1.3). In CTBm cells, expressions of E-cadherin were

down-regulated by all stimulations except cTGF-f stimulation, and up-regulated by cTGF-p

stimulation. Expressions of ZO-1 were down-regulated by all stimulations except cTGF-p

stimulation. Expressions of fibronectin were up-regulated by cTGF-p and cTGF-p/cIL-6

stimulations, and down-regulated by cTNF-a, cIL-6 and cTGF-B/cTNF-o stimulations.

Expressions of vimentin were down-regulated by cTNF-o, clL-6 and cTGF-B/cTNF-a

stimulations (Fig. 3.1.4). In CIPp cells, expressions of E-cadherin were down-regulated by all

stimulations except cTGF-B stimulation. Expressions of ZO-1 were up-regulated by

CTGF-B/cTNF-a stimulation. Expressions of N-cadherin were down-regulated by cTNF-o

stimulation. Expressions of vimentin were up-regulated by cTGF-B/cIL-6 stimulation (Fig.

3.1.5). In CIPm cells, expressions of E-cadherin were down-regulated by cTGF-B, cTNF-a and

CTGF-B/cTNF-a stimulations, and up-regulated by cTGF-B/cIL-6 stimulation. Expressions of

Z0O-1 were up-regulated by all stimulations. Expressions of N-cadherin were up-regulated by

CTGF-B/cTNF-a stimulation, and down-regulated by clL-6 stimulation. Expressions of

fibronectin were up-regulated by clL-6 and cTGF-B/cTNF-a stimulations, and down-regulated
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by cTNF-a and cTGF-B/clL-6 stimulations. Expressions of vimentin were up-regulated by

CTGF-B/cTNF-a and cTGF-B/cIL-6 stimulations (Fig. 3.1.6).
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3.1.4 Discussion

In this section, it was investigated whether stimulation with single and combination of

canine recombinant cytokine TGF-B, TNF-o and IL-6 induced EMT in cMGT cell lines.

Although 1L-6 was reported to induce the decrease in E-cadherin in breast cancer cell lines

(Sullivan et al., 2009), it was also reported not to show the reaction in other breast cancer cell

lines (Asgeirsson et al., 1998). These results indicate that the reactivity to cytokine stimulations

may be different in each cell line. Considering the difference in reactivity of individual cells, six

cMGT cell lines which derived from primary and metastatic lesions of 3 cases were subjected to

this study.

In CHMp cells, cTGF-B induced EMT change in N-cadherin, and MET change,

reverse phenomenon of EMT, in fibronectin. Canine TNF-o induced EMT change in ZO-1 and

N-cadherin, and MET change in fibronectin and vimentin. Canine IL-6 induced EMT change in

N-cadherin, and MET change in ZO-1, fibronectin and vimentin. Canine TGF-B/cCTNF-a

induced MET change in ZO-1, fibronectin and vimentin. Canine TGF-f/cIL-6 induced EMT

change in ZO-1, and MET change in fibronectin and vimentin. In CHMm cells, cTGF-§3 induced

EMT change in ZO-1, and MET change in vimentin. Canine TNF-a induced MET change in

E-cadherin, ZO-1, fibronectin and vimentin. Canine IL-6 induced EMT change in ZO-1, and

MET change in E-cadherin, fibronectin and vimentin. Canine TGF-B/CTNF-a induced EMT
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change in ZO-1, and MET change in vimentin. Canine TGF-p/cIL-6 induced MET change in

fibronectin and vimentin. In CTBp cells, cTGF-f induced MET change in ZO-1 and vimentin.

Both ¢cTNF-a and clL-6 induced EMT change in E-cadherin and fibronectin, and MET change

in ZO-1 and vimentin. Canine TGF-B/cTNF-a induced EMT change in E-cadherin and

fibronectin, and MET change in vimentin. Canine TGF-B/cIL-6 induced EMT change in

E-cadherin and fibronectin, and MET change in ZO-1 and vimentin. In CTBm cells, cTGF-

induced EMT change in fibronectin, and MET change in E-cadherin. Canine TNF-a, clL-6 and

CTGF-B/cTNF-a induced EMT change in E-cadherin and ZO-1, and MET change in fibronectin

and vimentin. Canine TGF-p/cIL-6 induced EMT change in E-cadherin, ZO-1 and fibronectin.

In CIPp cells, cTNF-a induced EMT change in E-cadherin, and MET change in N-cadherin.

Canine IL-6 induced EMT change in E-cadherin. Canine TGF-B/cTNF-a induced EMT change

in E-cadherin, and MET change in ZO-1. Canine TGF-p/cIL-6 induced EMT change in

E-cadherin and vimentin. In CIPm cells, cTGF-$ induced EMT change in E-cadherin, and MET

change in ZO-1. Canine TNF-a induced EMT change in E-cadherin, and MET change in ZO-1

and fibronectin. Canine IL-6 induced EMT change in fibronectin, and MET change in ZO-1 and

N-cadherin. Canine TGF-B/cTNF-a induced EMT change in E-cadherin, N-cadherin, fibronectin

and vimentin, and MET change in ZO-1. Canine TGF-f/cIL-6 induced EMT change in vimentin,

and MET change in E-cadherin, ZO-1 and fibronectin. Although cell lines from the same dog
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showed similar tendency of expression change of EMT markers, effects of cytokines on cMGT

cell lines were not always constant.  As cMGT cell lines used in this study were derived from

tumor tissues of spontaneous MGT cases and had not been monocloned, these cell lines were

thought to have heterogeneous cell populations. It was assumed that the accumulation of

different reactivities of each cell population to cytokine stimuli made the reactivity of each cell

line diverse. Thus, monoclonal cell line was thought to be suitable for investigation of the

effects of cytokines.

CIPp cell line was estimated to be sensitive to the stimulations comparing to other cell

lines, because loss or reduce of E-cadherin were induced by cTNF-a, clIL-6, cTGF-B/CTNF-a

and cTGF-p/cIL-6 stimulations, and acquisition of vimentin were induced by cTGF-p/cIL-6

stimulation. Therefore, cloning of CIPp cells and evaluation of cell features based on the EMT

marker expression were conducted to perform in section 2.
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Table3.1.1 Characters of cMGT cell lines.

Cell line  Breed Age(years) Diagnosis Clinical stage  TNM Origin of tumor
CHMp  Mongrel 12 Inflammatory \Y T4NIM1 Primary mass
CHMm adenocarcinoma Metastatic LN*
CTBp Mongrel 12 Inflammatory v T4N1IMO Primary mass
CTBm adenocarcinoma Metastatic LN*
CIPp Shih Tzu 10 Adenocarcinoma \Y T1cN1M1 Primary mass
CIPm Pleural effusion

LN, lymph node
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Fig. 3.1.1 Western blot of stimulated CHMp cells in insoluble fractions.

Cells were stimulated with cTGF-B, cTNF-a and cIL-6 at a final concentration of 10 ng/ml.

Expressions of ZO-1 were reduced by cTNF-a and ¢cTGF-f/cIL-6 stimulations and increased by

clL-6 and cTGF-B/cTNF-a stimulations. Expressions of N-cadherin were increased by cTGF-f,

CTNF-a and cIL-6 stimulations. Expressions of fibronectin were reduced by all stimulations.

Expressions of vimentin were reduced by all stimulations except cTGF-3 stimulation.

*k: p <0.05. Vertical bar represents SE.
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Fig. 3.1.2 Western blot of stimulated CHMm cells in insoluble fractions.
Cells were stimulated with cTGF-B, cTNF-a and cIL-6 at a final concentration of 10 ng/ml.
Expressions of E-cadherin were increased by cTNF-a and cIL-6 stimulations. Expressions of
Z0O-1 were reduced by cTGF-B, clL-6 and cTGF-B/cTNF-o stimulations and increased by
CTNF-o stimulation. Expressions of fibronectin were reduced by cTNF-o, clL-6 and
CcTGF-B/cIL-6. Expressions of vimentin were reduced by all stimulations.

*k: p <0.05. Vertical bar represents SE.
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Fig. 3.1.3 Western blot of stimulated CTBp cells in insoluble fractions.

Cells were stimulated with cTGF-B, cTNF-a and cIL-6 at a final concentration of 10 ng/ml.

Expressions of E-cadherin were reduced by all stimulations except cTGF-p stimulation.

Expressions of ZO-1 were increased by all stimulations except cTGF-f/cTNF-a stimulation.

Expressions of fibronectin were increased by all stimulations except cTGF-B stimulation.

Expressions of vimentin were reduced by all stimulations.

*k: p <0.05. Vertical bar represents SE.
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Cells were stimulated with cTGF-B, cTNF-a and cIL-6 at a final concentration of 10 ng/ml.

Expressions of E-cadherin were reduced by all stimulations except cTGF-f stimulation and
increased by cTGF-B stimulation. Expressions of ZO-1 were reduced by all stimulations except
CcTGF-B stimulation. Expressions of fibronectin were increased by cTGF-p and cTGF-/cIL-6

stimulations and reduced by cTNF-a, cIL-6 and cTGF-B/cTNF-a stimulations. Expressions of

vimentin were reduced by cTNF-a, cIL-6 and cTGF-B/cTNF-a stimulations.

*k: p <0.05. Vertical bar represents SE.
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Fig. 3.1.5 Western blot of stimulated CIPp cells in insoluble fractions.

Cells were stimulated with cTGF-B, cTNF-a and cIL-6 at a final concentration of 10 ng/ml.

Expressions of E-cadherin were reduced by all stimulations except cTGF-p stimulation.

Expressions of ZO-1 were increased by cTGF-B/cTNF-a stimulation. Expressions of N-cadherin

were reduced by cTNF-a stimulation. Expressions of vimentin were increased by cTGF-B/cIL-6

stimulation.

*k: p <0.05. Vertical bar represents SE.
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Fig. 3.1.6 Western blot of stimulated CIPm cells in insoluble fractions.

Cells were stimulated with cTGF-B, cTNF-a and cIL-6 at a final concentration of 10 ng/ml.

Expressions of E-cadherin were reduced by cTGF-B, cTNF-a and cTGF-B/cTNF-a stimulations,

and increased by cTGF-B/cIL-6 stimulation. Expressions of ZO-1 were increased by all

stimulations. Expressions of N-cadherin were increased by cTGF-f/cTNF-a stimulation, and

reduced by clIL-6 stimulation. Expressions of fibronectin were increased by clL-6 and

CTGF-B/cTNF-a stimulations, and reduced by cTNF-a and cTGF-B/cIL-6 stimulations.

Expressions of vimentin were increased by cTGF-B/cTNF-a and cTGF-B/cIL-6 stimulations.

*k: p <0.05. Vertical bar represents SE.
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Section 2: Expression changes of EMT markers in cloned CIPp-4b cell line stimulated

with cTGF-B, cTNF-a and clL-6

3.2.2 Materials and methods

3.2.2.1 Cells

CIPp cell line was cultured in RPMI11640 containing 10% FBS. Cells were maintained

in a humidified atmosphere of 5% CO, at 37°C.

3.2.2.2 Cloning of CIPp cell

CIPp cells were cloned by limiting dilution method. An average of 0.5 cells per well

were plated onto 96 well plates in RPMI1640 containing 20% FBS. After confirmations of

forming single colony, cloned cells were properly passaged to large scales. Immunablot analysis

was performed to examine the characteristics of cloned CIPp cell lines. Cells were lysed with

RIPA buffer (50mM Tris—HCI pH 7.5, 150mM NaCl, 5mM EDTA, 1% Triton X-100, 0.1% SDS,

protease inhibitor cocktail tablets (Roche, NJ, USA), 10mM NaF, 2mM NazVO,). Whole cell

lysates were mixed with sample buffer and run on SDS-PAGE gel containing 10% acrylamide,

then blotted to PVDF membrane. The membranes were incubated with anti-E-cadherin antibody

(1:2,000), rabbit anti-ZO-1 (1:2,000), mouse anti-vimentin (1:2,000), mouse anti-N-cadherin

(2:2,000), rabbit anti-fibronectin (1:5,000) and mouse anti-actin antibody (1:10,000), followed
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by incubation with anti-mouse 1gG conjugated to HRP (1:10,000) and anti-rabbit IgG

conjugated to HRP (1:10,000, GE Healthcare). Signals were detected using the Luminata Forte

Western HRP substrate (Millipore).

3.2.2.3 Cell stimulation

Among monoclonal cells derived from CIPp cell line, cell line which showed

epithelial phenotype was selected for cell stimulation with inflammatory cytokines. Clonal cell

was stimulated as described in section 1.

3.2.2.4 Immunoblot analysis

Protein collection and western blot analysis of stimulated clonal cell line was

performed as described in section 1.
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3.2.3 Results

3.2.3.1 Cloning of CIPp cell

Eleven single colonies were obtained, and cultured over 20 passages. Cloned cell lines

were renamed as CIPp-1b, -1d, -2a, -3c, -3d, -4b, -4c, -4d, -5¢, -6d and -7d, respectively. Cell

shape was round to spindle, and most of them showed spindle shape (Fig. 3.2.1). Expressions of

EMT markers were shown in Fig. 3.2.2. Most of cloned cell lines exhibited the features of

mesenchymal cells, such as low expressions of E-cadherin and high expressions of vimentin and

fibronectin. On the contrary, CIPp-4b showed higher expression E-cadherin and lower

expression of fibronectin among cloned cell lines. Therefore, CIPp-4b cells were used for the

stimulation by cTGF-B, cTNF-a and cIL-6.

3.2.3.2 Changes in EMT marker expressions in CIPp-4b cells

Changes of EMT markers expressions in stimulated CIPp-4b were evaluated by

western blot analysis. Expressions of E-cadherin and ZO-1 were down-regulated by all

stimulations. Expressions of N-cadherin were up-regulated by cTGF-B, cTNF-a, clL-6 and

CcTGF-B/cTNF-a stimulations. Expressions of fibronectin were up-regulated by all stimulations.

Expressions of vimentin were up-regulated by cIL-6, cTGF-B/cTNF-a and cTGF-B/clL-6

stimulations.
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3.2.4 Discussion

Cancer tissue contains several types of cells with heterogeneity in their phenotypes

(Kan et al., 2010). Among them, malignant types of cells metastasized to distant organs via

EMT (Tsuji et al., 2009). EMT is thought to strongly relate to tumor malignancy. Although

investigation of relationship between inflammatory stimulation and EMT was performed in the

previous section, effects of inflammatory stimulation were unclear. This was thought to be due

tumor heterogeneity. Therefore, cloning of CIPp cells and investigation of EMT marker change

of clonal cells stimulated with cTGF-B, cTNF-a and cIL-6 were performed in this section. For

the observation of clearly EMT marker changes, CIPp-4b cells which showed the most

epithelial phenotype among cloned CIPp cells were selected to investigate transition from

epithelial to mesenchymal phenotype by stimulations of recombinant cytokines in this section.

After stimulation with cytokines, CIPp-4b cells showed EMT with tipical expression of several

EMT markers in comparison to parental CIP cells in the previous section.

All stimulations reduced the expression of E-cadherin and ZO-1, while increased the

expressions of fibronectin. Canine TGF-f, cTNF-a, clL-6 and cTGF-B/cTNF-a stimulations

increased the expressions of N-cadherin, and cIL-6, cTGF-B/cTNF-a and cTGF-f/cIL-6

stimulations increased the expressions of vimentin. CIPp-4b cells were suggested to be sensitive

to stimulations of these cytokines and be caused partial EMT by these cytokines. These marker
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changes were suggested to be related to tumor cell abilities of invasion and migration.

Down-regulation of E-cadherin and up-regulations N-cadherin and fibronectin reported to

promote invasion and migration in colorectal cancer cells (Wang et al., 2013b). Up-regulation of

N-cadherin was reported to promoted cancer cell migration (Gao et al., 2014). Based on these

results and literatures, CIPp-4b cell line was thought to be suitable to investigate the relationship

between EMT induced by inflammatory cytokines and the malignant progression of cMGT.

Cytokines purified in chapter 2 induced EMT in CIPp-4b cells in vitro, though changes

of cell properties did not completely match the features of EMT. There was a limitation that

evaluations of tumor growth, distant metastasis and lymph node metastasis were not able to

performe in this in vitro study. To investigate whether these EMT changes induced by growth

factor and inflammatory cytokines reproduced the malignancy of cIMC including rapid tumor

growth, distant metastasis and lymph node metastasis, in vivo study was needed. In next chapter,

CIPp-4b cells were transplanted into mice and stimulated by cytokines.
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Fig. 3.2.1 Morphologies of CIPp cell line and cloned CIPp cell lines.

ClIPp cell line was cloned by limited dilution methods. Eleven cell lines were cloned. Cell

morphologies were from epithelial-like to fibroblastic.
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Fig. 3.2.2 Expressions of EMT markers in 11 cloned CIPp cell lines.

CIPp cell contained various types of cells. CIPp-4b cell showed high expression of E-cadherin,

expression of ZO-1 and low expression of fibronectin among them.
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CIPp-4b cell was stimulated with cTGF-B, cTNF-o and cIL-6 at a final concentration of 10

ng/ml. Expressions of E-cadherin and ZO-1 were reduced by all stimulations. Expressions of

N-cadherin were increased by cTGF-B, cTNF-a, clL-6 and cTGF-B/cTNF-o stimulations.

Expressions of fibronectin were increased by all stimulations. Expressions of vimentin were

increased by cIL-6, cTGF-B/cTNF-a and cTGF-p/cIL-6 stimulations.

*k: p <0.05. Vertical bar represents SE.
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Chapter 4

Effects of inflammatory stimulations in the cMGT

transplanted mouse model



4.1 Introduction

Inflammation is one of the important factors to progress tumor malignancies (Balkwill,

2006, 2009; Fuxe and Karlsson, 2012; Weitzenfeld et al., 2013). Various immune cells are

activated in the tumor microenvironment and various factors including growth factors and

inflammatory cytokines are secreted (Fuxe and Karlsson, 2012). These factors may work

multiply rather independently to progress tumor malignancy (Balkwill and Mantovani, 2001;

Mohamed et al., 2014).

It was reported that overexpression or silencing of EMT initiator genes, such as Snail

and Twist, affected tumor malignancies (Kudo-Saito et al., 2009; Morel et al., 2012; Yang et al.,

2004). Several in vitro studies indicated that EMT initiator genes were activated by EMT

inducing factors, such as growth factors and inflammatory cytokines (Brown et al., 2004;

Fernando et al., 2011; Fuxe and Karlsson, 2012; Kamitani et al., 2011; Li et al., 2012; Miettinen

et al.,, 1994; Nicolas et al., 2003). In transplanted model of human breast cancer cells,

progression of EMT was observed in the formed tumor and circulating tumor cells (Bonnomet

et al., 2012). However, in vivo analysis of the role and significance of EMT inducing factors for

tumor malignancy was limited. In addition, no in vivo investigation for the relationship between

tumor progression or malignancy of cIMC and EMT which induced by these cytokines was

performed in veterinary medicine.
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In the previous chapter, inflammatory stimulations with cytokines and their

combination induced EMT changes in cMGT cell lines. However, effects of inflammatory

stimulation on tumor mass were not surveyed. Transplanted mouse models were thought to be

helpful to investigate the relationship between these EMT changes and malignant progression of

cMGT. Therefore, the purpose of this chapter was to investigate whether EMT changes induced

by inflammatory cytokines initiate or accelerate tumor malignancy such as proliferation and

distant and lymph node metastasis.
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4.2 Materials and methods

4.2.1 Cells

CIPp-4b cell line was used for a transplanted mouse models. CIPp-4b cells were

maintained in RPMI1640 containing 10% FBS. Cells were maintained in a humidified

atmosphere of 5% CO, at 37°C.

4.2.2 Reagent

Canine recombinant proteins, cTGF-B, cTNF-o and clL-6, were expressed and purified

as described in chapter 2 were used.

4.2.3 Animals

Thirty six five-week-old female BALB/c nude mice (Japan SLC, Shizuoka, Japan)

were used for CIPp-4b cell xenografted mouse model. The experiment was approved by the

Animal Care Committee of the Graduate School of Agricultural and Lifesciences, the University

of Tokyo.

4.2.4 Transplantation and local stimulations

Three days before transplantation, the mice were irradiated with X-ray at a dose of 4
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Gray. For transplantation, 5 x 10° CIPp-4b cells were suspended in 100 pL of PBS. Cells were
subcutaneously injected into their left axilla. After transplantation, tumor size, body weight and
food consumption were measured 3 times a week. The volume of tumor was calculated the
following formula:
Tumor volume (mm?®) = (length x width?) / 2

When tumor width exceeded 5mm, stimulations started, and stimulations at seven days
interval were performed once a week. Fifty ng of cTGF-$, cTNF-a, clL-6, cTGF-B/cTNF-a and
cTGF-p/cIL-6 was locally injected around formed tumor based on the results of chapter 3. PBS
was used for control and diluents. Endpoints of this study were determined as tumor growth to
cover their arm, or severe clinical signs. After sacrifice, tumor, lung and inguinal lymph node
were collected. Collected samples were fixed in 10% neutral buffered formalin and embedded in

paraffin. Sections of 4 um were stained with hematoxylin-eosin stain.

4.2.5 Immunofluorescent double staining

The sections of tumor and metastasized lung and lymph node were evaluated by
immunofluorescent staining. The sections were deparaffinized, and antigen epitope was
retrieved by 10mM sodium citrate buffer, pH6.0 for 5min at 121°C. After epitope retrieval,

nonspecific protein bindings were blocked using PBST containing 5% normal goat serum for
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lhour at room temperature. Then sections were incubated with rabbit anti-E-cadherin antidody

(1:300) and mouse anti-vimentin antibody (1:500) simultaneously at 4°C over-night. After

incubation, sections were incubated with Fluorescein goat anti-rabbit IgG (H+L) (1:300) and

Alexa Fluor 568 goat anti-mouse IgG (H+L) (1:300) simultaneously for 1 hour at room

temperature with light interception. Then, slides were mounted in DAPI containing Vectashield

mounting medium. Fluorescent images were scanned by LSM 700.

4.2.6 Statistical analysis
Statistical analyses of body weight of transplanted mice and growth of tumor were

done using Student’s t-test. Values of p < 0.05 were considered statistically significant.
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4.3 Results

4.3.1 Mouse xenoglaft model

All of mice transplanted with CIPp-4b cells successfully formed tumor mass. During

the experiment, body weight and food consumptions of mice showed no significant reduction

(Fig.4.1). Severe clinical signs were not observed, but some tumor completely covered the left

arm of the mouse at 14 days post stimulation. Therefore, the experiment was ended at 14 days.

Tumors stimulated with cTGF-B significantly grew up in comparison to control at 14 days post

stimulation (Fig.4.2). Stimulations with cTGF-f and cTGF-B/cTNF-a significantly increased the

volumes of tumor in comparison to control group at 14 days post stimulation (Fig.4.2). Necrosis

of the center of formed mass was observed in all mice (data not shown). Distinctive changes

were not observed in intratumoral area with all stimulations comparing to control (data not

shown). The metastatic lesions were observed in lymph node in one of 6 cTNF-o stimulated

mice (Fig.4.5) and in lung in one of 6 cTGF-B/cIL-6 stimulated mice (Fig.4.6). Lymph node was

completely replaced by tumor cells.

4.3.2 Immunofluorescent stain of primary and metastatic lesions

Primary tumors and metastatic lesions, lung and inguinal lymph node, were stained

with E-cadherin and vimentin simultaneously. As the host of anti-vimentin antibody was mouse,
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cells derived from transplanted cells were specifically stained in this study. In the primary tumor,

expressions of vimentin were high and expressions of E-cadherin were low on the border

especially in mice with cTGF-B/cTNF-a stimulation (Fig.4.3). In the center of tumors, areas of

E-cadherin expressions and vimentin expressions were mixed, but merges of both EMT markers

were scarcely observed and all stimulations did not make difference in EMT marker expressions

(Fig.4.4). In the lymph node metastatic lesion, both E-cadherin and vimentin were expressed,

but expressions of vimentin were dominant (Fig.4.5 (b)). In the lung metastatic lesions, tumor

cells exhibited high expressions of vimentin (Fig.4.6 (b)). Expression patterns of E-cadherin and

vimentin in metastatic foci were similar to these of medial tumor (Fig.4.4, Fig.4.5(b) and Fig.4.6

(b)).
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4.4 Discussion

In this chapter, it was evaluated whether EMT changes induced by growth factor and

inflammatory cytokines affected on tumor growth and metastasis to lymph node and distant

organs in cMGT cell transplanted mice. Size of tumor stimulated with c¢cTGF-f and

CTGF-B/cTNF-a was significantly larger than that of control at 14 days post stimulation. In

addition, one of six mice with cTNF-a stimulation formed lymph node metastasis and one of six

mice with cTGF-B/cIL-6 stimulation formed lung metastasis, while no metastasis was observed

in control group. Inflammation was known as one of exacerbating factors of cancer (Balkwill

and Mantovani, 2001). It was reported that tumor volume was increased by TGF-§3 stimulation

in lung cancer transplanted mouse model (Abulaiti et al., 2013). In that report, activation of

Smad pathway by TGF-f stimulation was suggested to accelerate the tumor growth. Functions

of TGF-B via Smad pathway were reported to be enhanced by co-stimulation with inflammatory

cytokines such as TNF-a, IL-1p and IFN-y in the same lung cancer cell line (Liu, 2008).

Increase of tumor volume by cTGF-B and cTGF-B/cTNF-o stimulation might be due to

activation of Smad pathway by TGF- stimulation in this study.

Lymph node metastasis was induced by cTNF-a stimulation in one of six mice in this

study. TNF-a stimulation was reported to induce lymph node metastasis in melanoma

transplanted mouse model (Peppicelli et al., 2014). By the stimulation of TNF-a, the induction
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of VEGF-C expression, which is a major lymphangiogenesis factor, was observed. Because

injected cTNF-a stimulated not only tumor cells, but also tomor microenvironment in this study,

various cytokines which supported lymph node metastasis might be released and cause lymph

node metastasis. In addition, cTGF-B/cIL-6 stimulation induced lung metastasis in one of six

mice. On the other hand, tumor volume with its stimulation was not significantly larger than that

with no stimulation. It was reported that complex stimulation of cytokines and hormone induced

increase of metastatic potential and reduction of tumor volume in comparison to unstimulated

group in breast cancer cell transplanted model (Weitzenfeld et al., 2013). In this report, they

discussed that increase of metastatic potential was due to the down-regulation of E-cadherin and

up-regulation of CD44 and MMP9 which were induced by the stimulation. They also suggested

that the enhancement of apoptosis induction might reduce the tumor volume. Although

cytokines used for stimulation were not identical, the similar phenomena were thought to occur

in this study.

Although tumor proliferation and metastasis were promoted by growth factor and

cytokine stimulations, obvious morphological changes indicating EMT in tumor tissue were

not observed in the histopathological evaluation of HE staining. To evaluate whether EMT was

involved in tumor malignancy which was progressed by growth factor and inflammatory

stimulations, expressions of E-cadherin and vimentin were investigated by immunofluorescent
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double staining. In the formed tumor, larger numbers of cells which showed reduction of

E-cadherin and high expression of vimentin were observed in the edge of tumor than in the

center of tumor. On the other hand, cells in lymph node and distant metastasis lesion showed

similar expression patterns to the center of tumor. It has been proposed that EMT occurred in

invasive front of malignant tumor, and tumor cells which underwent EMT invaded into vascular

system and metastasize to distant area, and then MET occurred in metastatic foci (Tsai and Yang,

2013). These findings were considered to support it. However, the most attenuation of

E-cadherin expression was observed in cTGF-B/cTNF-a stimulated mice which did not form

metastasis. As lymph node and distant metastasis induced by cTNF-a and cTGF-B/cIL-6 were

thought to relate with various cytokines and several pathways activated by these cytokines,

further study on signaling pathways was needed. Reduction of E-cadherin and expression of

vimentin were also observed in edge of tumor in control group, which may be caused by

secretion of cytokines from microenvironment. Further investigation of relationship between

growth factor and cytokine-inducing EMT and tumor growth and metastasis was also thought to

be needed.

Mouse transplanted model in this chapter showed tumor proliferation and metastatic

forming in two mice by growth factor and cytokine stimulations, but replicated no clinical

features of cIMC such as edema, hot feeling and pain. Two reports of mouse xenograft model of
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hIBC and one of cIMC were issued. In all three reports, mice were xenografted with tissue

fragments obtained from hIBC patients and cIMC dog. The emboli of tumor cells in lymph

vessels and clinical features of inflammatory breast and mammary carcinoma were observed in

all three reports (Alpaugh et al., 1999; Camacho et al., 2013; Shirakawa et al., 2001), whereas

neither of them was observed in this study. Tissue fragments contained various cells such as

cancer cells, stroma cells, immune cells and inflammatory cells, and cytokines secreted by these

cells. They worked multiply and interact each other in microenvironment (Hanahan and

Coussens, 2012). The reason why emboli of lymph vessels and inflammatory symptom were not

observed in this mouse model, was thought to be lack or shortage of these cells and cytokines.

For further investigation of EMT in cIMC in vivo experiment, it is needed to see which kinds of

components are needed for replicate cIMC features in mouse model.

In this chapter, stimulations of growth factor and cytokine and their combinations

promoted tumor proliferation and metastasis to lymph node and lung. From expression patterns

of E-cadherin and vimentin in several lesions, center of tumor, lymph node and distant

metastatic foci, EMT was suggested to be involved in tumor metastasis. However, evaluation of

expression of EMT markers used in this study could not reveal the relationship between EMT

and growth factor and cytokine-inducing tumor proliferations and acquisition of metastatic

potential. Although this mouse model might be insufficient to replicate clinicopathology of
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cIMC, this mouse model partially indicated that inflammatory cytokines progressed the

malignancy of cMGT such as tumor proliferation and metastasis. In order to clarify the

relationship between EMT induced by inflammatory stimulation and malignant progression of

cMGT, further studies of the evaluation of much kind of EMT markers and down-stream factors

which were activated by cytokines, were thought to be needed.
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Fig.4.1 Body weight and food consumption of CIPp 4B transplanted mice.
(a)Body weights of mice were not significantly reduced by stimulations. (b)Food consumption

also showed no changes. Vertical bar represents SE.
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Fig.4.2 Comparisons of tumor sizes.

Average tumor sizes of each stimulation were compared. The cTGF-f stimulated mice were
significantly larger than control mice at 14 days post stimulation. The cTGF-B/cTNF-o
stimulated mice were significantly larger than control mice and the cTGF-B, cIL-6

CTGF-B/cIL-6 stimulated mice at 14 days post stimulation. *: p < 0.05. Vertical bar represents

SE.
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Fig.4.3 Localization of EMT marker on the edge of growing tumor.

Sections of tumor with each stimulation were fluorescently detected with anti-E-cadherin

antibody and anti-vimentin antibody. On the edge of tumor, expressions of E-cadherin were low

and expressions of vimentin were high in all tumors. Green: E-cadherin. Red: Vimentin. Blue:

DAPI.
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Fig.4.4 Localization of EMT marker in the center of tumor.

Sections of tumor with each stimulation were fluorescently detected with anti-E-cadherin
antibody and anti-vimentin antibody. In the center of tumor, E-cadherin and vimentin were both
expressed, but merges of both were rarely observed. Green: E-cadherin. Red: Vimentin. Blue:

DAPI.
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Fig.4.5 Lymph node metastasis.

(a)Lymph node metastasis was observed in cTNF-o stimulated mouse with hematoxylin-eosin
stain. (b)Metastatic lesions were fluorescently detected with anti-E-cadherin antibody and
anti-vimentin antibody. Tumor cells in metastatic lesions expressed both E-cadherin and
vimentin, but merges of both were rarely observed like the center of primary lesions. Green:

E-cadherin. Red: Vimentin. Blue: DAPI.
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Fig.4.6 Lung metastasis.

(a)Lung metastasis was observed in cTGF-p/cIL-6 stimulated mouse with hematoxylin-eosin
stain. (b)Metastatic lesions were fluorescently detected with anti-E-cadherin antibody and
anti-vimentin antibody. Tumor cells in metastatic lesions expressed both E-cadherin and
vimentin, but merges of both were rarely observed like the center of primary lesions. Green:

E-cadherin. Red: Vimentin. Blue: DAPI.
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Summary



Canine IMC is one of the most malignant type of cMGT of which clinical features and

prognosis are similar to hIBC (Marconato et al., 2009; Pérez-Alenza et al., 2001). In hIBC,

EMT induced by inflammatory cytokines existed in tumor microenvironment is suspected to be

affected its malignancy (Mohamed et al., 2014). Therefore, the malignancy of cIMC was

thought to have relationship with EMT and inflammation. It was hypothesized that the

malignancy of cMGT was associated with inflammation and EMT induced by inflammation. To

prove this hypothesis, following studies ware performed in this study.

In chapter 1, to investigate EMT in cIMC in comparison to non-cIMC, evaluations of the

expressions of epithelial and mesenchymal markers were performed. The average of EMT score

of cIMC was significantly higher and score of EMT marker changes about E-cadherin, vimentin

and fibronectin were significantly higher in cIMCs than in non-cIMCs. Although cytokeratin 18

was significantly reduced in non-cIMC in comparison to cIMC, fibronectin was significantly

up-regulated in cIMC comparing to non-cIMC. The ratio of E-cadherin(-)/vimentin(+) cells was

significantly higher in cIMC in comparison to non-cIMC. These results suggested that cIMC

had closer relationship with EMT comparing to non-cIMC.

In chapter 2, because homology between human and dog is not extremely high and

effects of this difference on canine cell lines were unclear, constructions and purifications of

canine recombinant TGF-, TNF-a and IL-6 and confirmations of their functions as EMT
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inducing factors were performed for the following studies. These recombinant cytokines were

confirmed by western blot analysis. Stimulation by these cytokines reduced or lost E-cadherin

expressions in MDCK cells. Furthermore, stimulated MDCK cells lost cell-cell adhesions and

changed their morphology. These alterations were features of EMT. Therefore, these cytokines

showed the ability of EMT inducer.

In chapter 3 section 1, investigation of whether EMT was induced by stimulation with

single and combination of canine recombinant cytokine TGF-f, TNF-a and IL-6 in six cMGT

cell lines was performed. Cytokines and their combinations induced the changes of EMT

markers in cMGT cell lines with various ways and degrees. These diversities of EMT marker

changes were thought to be due to tumor heterogeneity. Canine MGT cell lines used in this

section were derived from tumor tissue of spontaneous MGT cases and had not been cloned.

The accumulation of different reactivities of each cell population against cytokine stimulation

may mask the effects of cytokines on ctMGT cell lines. To reveal the effects of cytokines on

cMGT cell lines, cloning of a cMGT cell line was performed in section 2.

As tumors were reported to contain various phenotypes of cells (Kan et al., 2010),

CIPp cell line was cloned into 11 clonal cell lines in section 2. The features of 11 clonal cell

lines were evaluated by expressions of EMT markers. Among these clonal cell lines, CIPp-4b

cell line showed nearly epithelial features such as high expression of E-cadherin, expression of

99



Z0O-1 and low expression of fibronectin. Therefore, this cell line was selected and stimulated by

recombinant cytokines. CIPp-4b cells showed expression changes of several EMT markers, and

their changes were stronger in comparison to parental CIPp cells. These cytokines were

suggested to induce EMT in CIPp-4b cell line in vitro. However, it was still unclear whether

these EMT changes induced by growth factor and inflammatory cytokines reproduced the

malignancy of cIMC including rapid tumor growth, distant and lymph node metastasis.

In chapter 4, to investigate whether EMT induced by growth factor and inflammatory

cytokines reproduced the rapid proliferation and distant and lymph node metastasis of cIMC,

CIPp-4b cells were transplanted into mice and stimulated with cytokines by local injection. The

stimulation with cTGF-f and cTGF-B/cTNF-a significantly increased tumor size in comparison

to control group. Furthermore, stimulations with cTNF-a and cTGF-f/cIL-6 promoted lymph

node and lung metastasis, respectively. These results suggested that stimulations by these

cytokines progressed tumor proliferation and metastasis. From expression patterns of

E-cadherin in formed tumor and metastatic lesions, EMT was suggested to be involved in tumor

metastasis. However, evaluation of expression of EMT markers used in this study could not

reveal the relationship between EMT and growth factor and cytokine-inducing tumor

proliferations and acquisition of metastatic potential. Although this mouse model might be

insufficient to replicate clinicopathology of cIMC, this model could show that the malignant
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progression of cMGT was caused by inflammatory stimulation.

In this study, EMT was suggested to be involved in cIMC, and recombinant cTGF-p,

CTNF-a and clL-6 were also suggested to induce EMT in cMGT cell line. Although these

growth factor and inflammatory cytokines might promote tumor proliferation and metastasis

through EMT, it was still unclear whether EMT was related to clinicopathological features of

cIMC. For further investigation of revealing the relationship between EMT and the malignant

progression of ctMGT, analysis of expression patterns of more kinds of EMT markers and

searching of signaling pathway associated with EMT were needed.
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