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Amag: Kopek meme tiimorleri (KMT) disi kopeklerde
en sik gorillen tiimorlerdir ve kullanilan baglica tedavi
secenegi olarak cerrahi ciddi komplikasyonlara neden
olmaktadir. Bu nedenle KMT icin yeni tedavi segenekleri-
ne ihtiya¢ duyulmaktadir. Traf2 ve Nck ile etkilesime
giren serin protein kinaz (TNIK) WNT hedef genlerinin
transkripsiyonel bir diizenleyicisidir ve meme kanseri
gelisiminde yiiksek oranda eksprese edilmektedir.
TNIK'in inhibisyonu, anormal WNT sinyali olan kanser-
lerde yeni bir terap6tik hedef olabilir. Bu nedenle, bu ca-
lismada NCB-0846'nin metastatik sarkom KMT alt tipi
tizerindeki potansiyel terapotik etkisini ilk kez arastirilma-
s1 amaglanmustir.

Materyal ve Metot: NCB-0846"nin KMT hiicreleri iize-
rindeki sitotoksik ve apoptotik etkileri, WST-1, Annexin
V, hiicre dongiisii, akridin oranj (AO) ve DAPI boyama ile
analiz edilmistir.

Bulgular: Elde edilen verilere gore NCB-0846, doza ve
zamana bagli anlaml bir sekilde KMT hiicre canliligimi
azaltmig ve niikleer hasara sebep olmustur. Ayrica, NCB-
0846, GO/G1 fazinda hiicrelerin birikmesi yoluyla apopto-
tik hiicre 6liimiini indiiklemistir.

Sonug: Sonug¢ olarak elde ettigimiz bulgular, NCB-
0846'min potansiyel olarak KMT i¢in yeni bir terapotik
anti-kanser ajan olabilecegini gostermektedir. Bununla
birlikte KMT hiicreleri iizerinde NCB-0846’nin TNIK ve
Wnt sinyalinin inhibe edici aktivitesinin aydinlatilmasina
yonelik daha ileri aragtirmalara ihtiya¢ duyulmaktadir.
Anahtar Kelimeler: Képek meme tiimoérleri, apoptoz,
TNIK inhibitorii

ABSTRACT

Objective: Canine mammary gland tumors (CMGTs)
are the most common tumors in female dogs and the main
treatment options used in CMGTs are surgery caused
some complications. Therefore, new treatment options are
needed for the CMGTs. Traf2 and Nck-interacting serine
protein kinase (TNIK) as a transcriptional coregulator of
Wnt targeted genes is highly expressed in breast cancer
development. The inhibition of TNIK may be a new thera-
peutic target in cancers with abnormal WNT signaling.
Therefore we aimed to investigate the potential therapeu-
tic effect of NCB-0846 on metastatic sarcoma CMGTs
subtype, for the first time.

Materials and Methods: The cytotoxic and apoptotic
effects of NCB-0846 on CMGT cells were analyzed by
WST-1, Annexin V, cell cycle, acridine orange (AO) and
DAPI staining.

Results: NCB-0846 significantly inhibited cell viability in
a dose and time dependent manner (p<0.05) and induced
nuclear damage in CMGT cells. Furthermore, NCB-0846
caused apoptotic cell death through the accumulation of
cells in the GO/G1 phase.

Conclusion: Our findings demonstrated that NCB-
0846 could be potentially a new therapeutic anti-cancer
agent in the treatment of CMGTs. However, further inves-
tigations need to be performed in order to elucidate the
inhibitory activity of TNIK and Wnt signaling by NCB-
0846 on CMGT cells.

Keywords: Canine mammary gland tumor cells, apop-
tosis, TNIK inhibitor
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INTRODUCTION

Canine mammary gland tumors (CMGTs) are the
most common tumors after skin tumors in female
dogs and account for approximately 52% of all tu-
mors.'* CMGTs are subclassified (sarcomas, carci-
nomas, and carcinosarcomas) according to histo-
pathological differentiation.” Mammary gland sarco-
mas with clear borders, hard consistency and a large
area in dogs account for approximately 10-15% of
all CMGTs.® The main treatment options used in
CMGTs are surgery, radiotherapy, chemotherapy
and immunotherapy whereas surgery that causes
some complications is the first choice.” Therefore,
new treatment options are needed for the increasing
incidence of CMGTs, which have very similar prop-
erties with human breast tumors.

Traf2 and Nck-interacting serine protein kinase
(TNIK) as a transcriptional coregulator of Wnt tar-
geted genes is a center kinase that encodes 1360
amino acids and highly expressed in breast cancer
development.*® Studies have shown that an increase
in TNIK expression and the abnormal activation of
the Wnt/p-catenin signaling pathway plays an im-
portant role in the formation and development of
breast cancer.'’'? Therefore, the inhibition of TNIK
may be a new therapeutic target in cancers with ab-
normal WNT signaling."

Furthermore, increased TNIK expression in various
types of cancer (pancreatic, colorectal and hepato-
cellular carcinoma) is associated with poor progno-
sis in patients.'®'*!* Based on these findings, TNIK
inhibition is important and various classes of TNIK
inhibitors have been developed for this purpose.'*'°
In this context, many studies have been conducted to
develop new TNIK inhibitors, recently.®'*!"’
Padgaonkar et al. report that ON108600 is a dual
inhibitor of CK2 and TNIK and shows inhibitory
activity in MDA-MB-231 cells.'” Additionally, Ma-
suda et al. demonstrate that NCB-0001 induces the
expression of LC3 that is a marker of autophagy in
PAMCS2 human gastric cancer and T47D human
breast cancer cell lines.”” As a new TNIK inhibitor
NCB-0846 inhibits the TGFBl-induced EMT in
NSCLC cells.® However, there is no study in the
literature evaluating the effects of NCB-0846 as a
TNIK inhibitor on CMGT cells.

Therefore, in our study, the potential therapeutic
effect of NCB-0846, a new type of TNIK inhibitor,
was investigated for the first time on metastatic sar-
coma CMGTs subtype. CMGT cells were diagnosed
as liposarcoma with high metastatic capacity based
on the criteria defined by Goldschmidt et al.'®

MATERIALS AND METHODS
Ethical Statement: The female dog was operated for
cancer treatment, not for experimental procedure.
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Tissue material removed by operation was used in
the study. This was in conformity with the
“Regulation on Working Procedures and Principles
of Animal Experimental Ethics Committees Pre-
pared by the Turkish Ministry of Environment, Ur-
banisation and Climate Change published in the Of-
ficial Gazette of the Republic of Turkey dated Feb-
ruary 2014 and numbered 28914”.

Cell Culture Conditions: CMGT which was used in
this study was a 22-year-old intact French Bulldog
female dog, weighing 16 kg with an 8-month history
of mammary mass (>5 cm) and diagnosed as meta-
static liposarcoma. Primary cell isolation and culture
from CMGT tissue was conducted as described by
Turna et al.”

Cell Viability Assay: To determine the cytotoxic
effects of NCB on CMGT cell, we performed WST-
1 assay. For this purpose, the equal number of cells
(2x10* cell/well) were cultured in 96 well plate.
Then the cells were incubated with different concen-
trations of NCB-0846 (1, 2, 2.5, 3,4 and 5 uM) as a
TNIK inhibitor for 24 and 48h. After treatment of
NCB-0846, WST-1 dye was added into each well
and incubated for 45 min at 37 °C in the dark and
the absorbance was obtained with the microplate
reader (Allsheng, China) at 450 nm. According to
WST-1 results, the most effective NCB-0846 con-
centrations and incubation time (reduced viability by
approximately 50%) were determined for further
experiments. Each experiment was performed in
triplicate.

Annexin V Assay: To determine the apoptotic ef-
fects of NCB-0846 on CMGT cell, we performed
Annexin V assay. For this purpose, the equal num-
ber of cells (1x10° cell/well) were cultured in 6 well
plate. Then the cells were incubated with the most
effective concentrations of NCB-0846 (2.5 and 5
uM) for 48h according to the WST-1 assay results.
After treatment of NCB-0846, the cells were stained
with Annexin V reagent (Millipore, Germany) and
incubated for 30 min. Stained cells were analyzed
with Muse Cell Analyzer (Millipore, Germany).
Each experiment performed was in triplicate.

Cell Cycle Assay: To further analyze the effects of
NCB-0846 on cell cycle arrest in CMGT cells, the
equal number of cells (5x10° cell/well) were cul-
tured in 6 well plate. Then the cells were incubated
with the most effective concentrations of NCB-0846
(2.5 and 5 puM) for 48h according to the WST-1 as-
say results. After treatment of NCB-0846, the cells
were fixed with 70% ethyl alcohol and fixed cells
were stained with Cell Cycle Kit (Millipore, Germa-
ny). After incubation for 30 min, the stained cells
were analyzed with Muse Cell Analyzer (Millipore,
Germany). Each experiment was performed in tripli-
cate.
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Acridine Orange (AO) and 4',6-diamidino-2-
phenylindole (DAPI) Staining: To determine the
morphological changes of cell and nucleus on
CMGT cells, we performed AO and DAPI staining.
For this purpose the equal number of cells (5x10°
cell/well) were cultured in 6 well plate. Then the
cells were incubated with the most effective concen-
trations of NCB-0846 (2.5 and 5 uM) for 48h ac-
cording to the WST-1 assay results. After treatment
of NCB-0846, the cells were fixed with 4% para-
formaldehyde (PFA) for 30 min and fixed cells were
stained with AO or DAPI dye for 30 min in the dark,
separately. Stained cells were visualized by EVOS
Floid Cell Imaging System (Thermo Fisher Scien-
tific).

Statistical Analysis: All statistical analysis was per-
formed by GraphPad Prism Version 8. One-way
ANOVA with the Post-hoc Tukey test was used for
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multiple comparisons. p < 0.05 was considered sig-
nificant.

RESULTS

According to the WST-1 analysis results, the viabil-
ity of cells were decreased in a dose and time de-
pendent manner and shown in Figure 1. The viabil-
ity of CMGT cells significantly reduced to
76.05+1.93%, 77.34+0.82%, 59.08+0.21%,
58,69+0.74%, 55.73+1.69% and 39.48+1.23% at
concentration of 1, 2, 2.5, 3, 4 and 5 uM NCB-0846,
respectively for 48 h as shown in Figure 1. Thus, we
selected 2.5 and 5 uM NCB-0846 within 48 h for
further experiments, in CMGT cells.

To determine the apoptotic effect of NCB-0846 on
CMGT cells, we conducted Annexin V assay and
shown in Figure 2.

Figure 1. The cytotoxic effects of NCB-0846 was determined by WST-1 analysis on CMGT cells and the cells
were treated with different concentrations of NCB-0846 (1, 2, 2.5, 3, 4 and 5 pM) for 24 and 48h (p < 0.01*%*).
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Figure 2. The apoptotic effect of NCB-0846 on CMGT cells was determined by Annexin V analysis (A)
Annexin V histograms of CMGT cells treated with 2.5 and 5 uM concentration of NCB-0846, (B) Statistical
comparison of the NCB-0846-induced apoptotic cell death (p<0.01**).
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Our results demonstrated that NCB-0846 increased
the proportion of total apoptotic cells especially late
apoptotic cells as shown in Figure 2A. Following
administration of 2.5 and 5 uM NCB-0846, the late
apoptotic cells were significantly increased from
2.65+1.87%, to 29.65+1.53% and 48.50+2.13% re-
spectively for 48h as shown in Figure 2B. Therefore,
these results were consistent with the WST-1 results.
Our results indicated that NCB-0846 treatment re-
sulted in GO/G1 arrest for 48 h in CMGTs cells as
shown in Figure 3A. The accumulation of CMGT
cells in the GO/G1 phase increased significantly
from 61.6+1.47% to 65.2+0.79 % and 73.7+1.86%,
at 2.5 and 5 uM NCB-0846 for 48 h as shown in

Control
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Figure 3B. Therefore, the NCB-0846 treatment re-
sulted in GO0/G1 phase arrest and apoptotic cell
death.

After treatment with NCB-0846, typical apoptotic
morphological changes were observed such as mem-
brane blebbing and cell shrinkage in the cell espe-
cially at 5 uM concentration for 48h as shown in
Figure 4. The DAPI staining results demonstrated
that irregular nuclear shrinkage and condensation
were observed in CMGT cells after treatment with
both 2.5 and 5puM NCB-0846. Therefore our find-
ings were consistent with the Annexin V and cell
cycle assay results.
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Figure 3. The effect of NCB-0846 on cell cycle arrest was determined by cell cycle analysis (A) Cell cycle
histograms of CMGT cells treated with 2.5 and 5 uM concentration of NCB-0846, (B) Statistical comparison
of the NCB-0846-induced cell cycle arrest level (p<0.01*%*).
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Figure 4. To determine the morphological changes of cell and nucleus on CMGT cells, we performed AO and
DAPI staining. CMGT cells were treated with 2.5 and 5 uM concentration of NCB-0846 and stained with AO
and DAPI dye (Scale bar: 100 pm).
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DISCUSSION AND CONCLUSION

In this study, the potential cytotoxic and apoptotic
effects of NCB-0846 were revealed in CMGT cells.
According to our findings, NCB-0846 inhibited cell
viability in a dose and time dependent manner and
exhibited nuclear damage on CMGT cells. Further-
more, NCB-0846 induced apoptotic cell death
through the accumulation of cells in the G0/G1
phase. Therefore, our findings demonstrated that
NCB-0846 could be potentially a new therapeutic
anti-cancer agent on CMGTs.

CMGTs are more aggressive than tumors in humans,
and therefore chemotherapy is insufficient as a treat-
ment option and only surgical intervention can be
performed. For this reason, chemotherapy used in
the treatment of CMGTs is not preferred due to the
excess of side effects and thus there is an urgent
need to new treatment options for better outcome.
According to our results, NCB-0846 showed anti-
cancer properties via the inhibition of cell prolifera-
tion, the induction of apoptosis, GO/G1 cell cycle
arrest and nuclear damage in CMGT cells. The ther-
apeutic effects of TNIK inhibition with small-
molecule compounds have been demonstrated in the
literature.***** Kim et al?? state that NCB-0005
inhibits TGFB1-induced activation of Wnt signaling
in A549 lung adenocarcinoma cells and Sawa et al.”!
demonstrate that ON108600 which is a CK2 (casein
kinase-2)/TNIK dual inhibitor targets stem-like can-
cer cells. On the other hand, NCB-0846 is a newly
identified small molecule compound with high in-
hibitory activity against TNIK and shows anti-
tumoral properties by inhibiting Wnt signaling.*
Sugano et al.® shows that NCB-0846 inhibits TGFp/
SMAD signaling and EMT induction in A549 cells.
Additionally, NCB-0846 suppresses the expression
of Wnt targeted genes and Wnt-driven tumorigenesis
in colorectal cancer cells. Therefore, our results
were inconsistent with the literature.

In conclusion, we evaluated the therapeutic effect of
NCB-048 at different concentrations on metastatic
CMGT cells, for the first time. Our results indicated
that the administration of NCB-0846 in CMGT cells
induced early apoptosis and GO0/G1 arrest. Conse-
quently, as a new TNIK inhibitor, NCB-0846 has an
anti-cancer potential agent on CMGT cells. Howev-
er, further investigations need the elucidation of the
inhibitory activity of TNIK and Wnt signaling by
NCB-0846 on CMGT cells as well as human breast
cancer.

Ethics Committee Approval: The study does not
need an ethical approval. The bitch was opera-
ted for cancer treatment, not for experimental
procedure. Tissue material removed by opera-
tion was used in the study. This was in confor-
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mity with the “Regulation on Working Procedu-
res and Principles of Animal Experimental Et-
hics Committees Prepared by the Turkish Mi-
nistry of Environment, Urbanisation and Clima-
te Change published in the Official Gazette of
the Republic of Turkey dated February 2014 and
numbered 28914”.
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