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Abstract

Klotho is a transmembrane protein whose deficiency has pleiotropic effects in a number
of aging-related disease processes and various cancers. In some recent studies about klotho
protein disorders, it has been shown that klotho is effective in various cancers including lung,
liver, breast, kidney, and colon. TNF-related apoptosis-inducing ligand (TRAIL) a TNF family
molecule, is a cytokine that stimulates apoptosis through death receptors in many cancer types
and therefore attracts attention for tumor therapies in various preclinical models. Interaction
with TRAIL death receptors create an apoptotic effect in cancer treatments by reducing the
proliferation of cancer cells. In this study, it was aimed to investigate the effects of exogen
klotho administration on cell viability and apoptosis on TRAIL death receptors (TRAIL1 and
TRAILR2) in human healthy colon cells (CCD 841 CoN) and TRAIL-resistant human

colorectal cancer cells (caco2). For this purpose, cells were treated with different concentrations
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of klotho for 24 and 48 hours. To determine the cell viability, proliferation, and death receptors
effects of klotho protein on cancer and healthy cells evaluations with WST-8 and real-time qRT-
PCR analysis were performed. Our results showed that the increase in klotho protein
concentration did not have a significant effect on cell viability in healthy colon cells, whereas it
decreased cell viability and proliferation in apoptosis-resistant human colorectal cancer cells.
Relative gene expression levels of TRAIL1 and TRAILR?2 death receptors increased with klotho
applied to the apoptosis-resistant colorectal cancer cell line Caco-2. Therefore, targeting TRAIL
death receptors by klotho protein can be considered as a potential therapeutic approach for

colorectal cancer therapy.

Keywords: Klotho; Cell viability; Colorectal cancer; Antitumor effect; TRAIL;
Apoptosis.

Klotho Proteinin Insan Kolorektal Kanser Hiicreleri Uzerindeki Apoptotik

Etkisinin TRAIL Oliim Reseptorleri Uzerinden incelenmesi
Oz

Klotho, eksikligi bir dizi yaslanma ile iliskili hastalik siirecinde ve c¢esitli kanserlerde
pleiotropik etkilere sahip olan bir transmembran proteindir. Klotho protein bozukluklari ile ilgili
son zamanlarda yapilan baz1 aragtirmalarda klothonun akciger, karaciger, meme, bobrek ve
kolon dahil ¢esitli kanserlerde etkili oldugu gosterilmistir. Tiimor nekroz faktor iligkili apoptoz
indiikleyici ligand (TRAIL), birgok kanser tiirlinde 6lim reseptorleri araciligiyla apoptozu
uyaran bir sitokindir ve bu nedenle gesitli preklinik modellerde tiimor terapileri i¢in dikkat
cekmektedir. TRAIL 6lim reseptorleri ile etkilesim, kanser hiicrelerinin gogalmasini azaltarak
kanser tedavilerinde apoptotik bir etki yaratir. Bu ¢alismada, eksojen klotho uygulamasinin
insan saglikli kolon (CCD 841 CoN) ve TRAIL direngli insan kolorektal kanser hiicreleri
(Caco-2) tizerindeki hiicre canliligi ve apoptoz iizerine etkilerinin TRAIL 6lim reseptorleri
(TRAIL1 ve TRAILR?) araciligi ile arastirilmasi amaglanmistir. Bu amagla hiicreler, 24 ve 48
saat boyunca farkli konsantrasyonlarda klotho ile muamele edildi. Klotho proteinin kanser ve
saglikli hiicreler {lizerindeki hiicre canlilifi, proliferasyonu ve 6liim reseptorlerinin etkilerini
belirlemek icin WST-8 ve real-time qRT-PCR analizi ile degerlendirmeler yapildi.
Sonuclarimiz, klotho protein konsantrasyonundaki artisin sagliklt kolon hiicrelerinde hiicre
canlilig1 lizerinde 6nemli bir etkiye sahip olmadigimi, apoptoza direngli insan kolorektal kanser
hiicrelerinde ise hiicre canliligim1 ve proliferasyonunu azalttigin1 gosterdi. Apoptoza direngli
kolorektal kanser hiicre dizisi Caco-2'ye uygulanan klotho ile TRAIL1 ve TRAILR2 6lim

reseptorlerinin goreceli gen ekspresyonu arttt. Sonug olarak, TRAIL 6liim reseptorlerinin klotho
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proteini ile hedeflenmesi kolorektal kanser tedavisi i¢in potansiyel bir terapdtik yaklagim olarak
kabul edilebilir.

Anahtar Kelimeler: Klotho; Hiicre canliligi; Kolorektal kanser; Antitiimor etki; TRAIL;

Apoptoz.
1. Introduction

Klotho is a transmembrane beta-glucuronidase protein known for its anti-aging, anti-
inflammatory, and antitumor properties [1, 2, 3]. Klotho has been shown to reduce the cell
viability of tumor cells and induce apoptosis [4, 5]. Klotho protein deficiency plays a role in
acute and chronic kidney disease [6], cancers [7], and hypertension [8]. Klotho is expressed in
the renal proximal tubule, parathyroid gland, ovary, testis, and placenta [9, 10, 11, 12, 13]. In
some studies, it has been reported that the klotho protein level is low in many cancer types,
including colon cancer, compared to normal tissues [14, 15, 16, 17]. Studies showing the
relationship of the klotho protein, which has known antitumor activity in colorectal cancer, with

the apoptosis-inducing ligand TRAIL signaling pathway and death receptors are limited [18,19].

TRAIL, also known as Apo2L, stands out with its ability to activate both pathways of
apoptosis by binding to death receptors (TRAILR1 and TRAILR2) on the cell surface.
TRAILR1 and TRAILR2 are types I transmembrane proteins that recruit apoptosis signaling
molecules to induce cell death [20]. TRAILR1 and TRAILR2 located in the cell membrane
receive cellular death signals produced by TRAIL and initiate programmed cell death. These
receptors act as regulators of the TRAIL death pathway [21]. TRAIL death receptors (TRAILR1
and TRAILR?2) are regulated by the p53 transcription factor. TRAILR1 and TRAILR?2 receptors
not only trigger apoptosis in TRAIL-sensitive cells but also activate survival pathways in tumor
cells that resist induction of cell death when exposed to TRAIL [22]. In a study conducted in
three different colon cancers (SW948, Caco-2, and Colo320), the TRAIL sensitivities of the
cells were analyzed. It was determined that there are more TRAILR?2 receptors than TRAILR1
in colon cancer cell lines where the TRAIL signaling pathway is effective. Similar levels of
TRAILRI and TRAILR2 receptors were found to be expressed in resistant colon cancer cell

lines [23, 24, 25].

Klotho protein plays an important role in relation to anticancer treatments. There are limited
studies of recombinant klotho protein causing cytotoxic effects on human colorectal
adenocarcinoma or healthy colon cells. We aimed to investigate the anticancer effects of klotho
protein against the human colorectal adenocarcinoma cells and the selectivity using healthy

colon cells by adding exogen klotho protein to the medium of Caco-2 cancer and the CCD 841
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CoN healthy cell lines and analyzing its effect on cell viability and apoptosis process.
Additionally, we aimed to evaluate the effects of klotho protein as a potential antiproliferative

and an apoptotic inducer factor on TRAIL death receptors (TRAILR1 and TRAILR?2).
2. Materials and Methods
2.1. Cell culture and morphological analysis

Colorectal cancer (ATCC® HTB-37) and healthy colon cells (ATCC® CRL-1790™)
were purchased commercially (ATCC, Washington DC, USA). The cells were cultured in
Dulbecco's Modified Eagle's Medium (DMEM ; Biochrom, Holliston, MA, USA) and incubated
at 37°C in a humidified atmosphere containing 5%CO, and 5%Q,. The medium was changed
every other 3 days over a 5-6-day period. For each passage, the cells were plated similarly and

grown to a confluency of 70%.
2.2. WST-8 cell viability assay

Human recombinant klotho protein was purchased from Sigma (Sigma-Aldrich,
Darmstadt, Germany, catalog no: SRP3102-20UG). The effect of klotho protein on the viability
of Caco-2 and CCD 841 CoN cells was tested with (WST)-8 (AAT Bioquest, California, USA)
[26]. Recombinant klotho protein was treated in a doses range 0.04, 0.15 and 0.3 pg/ml [2, 27,
28].

After 24 and 48h, 10 pl/well of WST-8 solution was added, subsequently, cells were
incubated at 37°C in a humidified atmosphere containing 5%CO, for 3 days. Then the
absorbance values were measured at 460 nm in a microplate reader with a monochromator
system (BIOTEK ELx808IU, Vermont, USA). Next, the viability of the klotho-treated cells was
calculated, assuming the viability of untreated cells to be 100%. The following formula was

used to calculate the percent viability:
[(OD klotho-treated cells-OD blank)/(OD untreated cells-OD blank)] x 100.
The OD refers to the optical density.
2.3. Analysis of death receptors by real-time qRT-PCR

Real-time qRT-PCR analysis was performed in order to determine the gene expression
changes of TRAIL death receptors (TRAILR1 and TRAILR2) in CCD 841 CoN and Caco-2
cells. Total RNA was isolated using the extraction total RNA kit (Blirt S.A., Gdansk, Poland) in

accordance with the manufacturer's protocol. Complementary DNA (cDNA) was obtained from
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the obtained mRNAs by using a ¢cDNA synthesis kit (Transcriptome RNA kit, Blirt S.A.,
Gdansk, Poland). The obtained cDNA was stored at -20°C.

After obtaining cDNA, gene amplification in real-time gRT-PCR device (One-Step
Thermo Scientific™ Carlsbad, USA) using probe-primers suitable for target genes (Table 1)
and SYBR Green RT-PCR kit (Blirt S.A., Gdansk, Poland). The target genes were amplified

and analyzed.

Table 1: Sense and antisense primers for qRT-PCR analysis

Primer (5* - 37)
Gene Forward Reverse
Klotho (KL) ACT CCC CCA GTC AGG TGG CGG TA TGG GCC CGG GAA ACC ATT GCT GTC
TRAILRI1 (TNFRSF10) CTG AGC AAC GCA GACTCG CTGTCCAC TCC AAG GAC ACG GCA GAGCCTGTGCCAT
TRAILR2 (TNFRSF10B) CAC CAC GAC CAG AAA CAC AG AAT CAC CGA CCT TGA CCA TC
GAPDH CAC CCT GTT GCT GTA GCC ATA TTC GAC ATC AAG AAG GTG GTG AAG CAG

2.4. Statistical Analysis

Statistical analyses were performed using SPSS software 20.0. Categorical and
continuous variables were displayed as means + standard deviation (SD) and percentages,

respectively. p<0.05 were considered to be statistically significant.
3. Results
3.1. Morphological analysis of cells

During the culture period, CCD 841 CoN and Caco-2 cells were examined and
photographed daily by phase-contrast microscopy (Fig. 1).

Figure 1: Phase-contrast microscopic views of healthy colon and colorectal cancer cells in early and late
passages in culture (A-D) (Scale bars: A-C 200 um; B-D 100 um)
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In microscopic examinations, CCD 841 CoN cells were attached to culture flasks as
clusters, and most cells displayed a fibroblast-like, spindle-shaped morphology during the days
of incubation. These cells began to proliferate in approximately 4-5 days and gradually grew as
in diffuse monolayer morphology (Figure 1A and B). Caco-2 cells attached to culture flasks
sparsely, and most cells displayed an epithelial-like, polygonal-shaped morphology during the
days of incubation. These cells began to proliferate in approximately 6—7 days and gradually
grew as non-homogenized and monolayer islets to form wide and big colonies (Figure 1C and
D). Throughout 15 passages, no changes in their morphology, growth patterns, or

immunophenotype were observed.

3.2. Determination of cell viability with WST-8

As a result of the doses of exogen klotho protein treated to healthy colon cells (CCD841
CoN) for 24 hours, cell viability was detected in the cells at the rates of 95%, 97% and 88%,
respectively (p>0.05). At the doses of 0.04 pg/mL, 0.15 pg/mL, and 0.3 pg/mL klotho applied
to healthy colon cells for 48 hours, the viability rates of the cells were 89%, 105%, and 89%,
respectively (p>0.05) (Table 2, Fig. 2).

Table 2: Viability values of CCD 841 CoN cells (%)

Cell viability (%)
24 hours 48 hours
Klotho mean+SD p value mean+SD p value
(ng/mL)
0.04 pg/mL 95,3+1,8 p>0.05 89,7+1,9 p>0.05
0.15 pg/mL 97,0+2,4 p>0.05 105,2+3,7 p>0.05
0.3 pg/mL 88,8+0,5 p>0.05 89,8+2,6 p>0.05
CCD841CoN u Control
120 ® 0,04 pg/mL
0,15 pg/mL.
100 0,3 pg/mL
9 I
> 80
§
S 60
=
O 40
20
0

24 hours 48 hours

Figure 2: Detection of the effect of klotho on CCD841 CoN cells by WST-8 cell viability assay (n=3)
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After 24-hour application of different doses of recombinant klotho protein to colorectal
cancer cell line (Caco-2), the viability values of the cells were 81%, 68%, and 60%, respectively
(»p<0.001). When klotho was applied to Caco-2 cells at doses of 0.04 pg/mL, 0.15 pg/mL, and
0.3 pg/mL for 48 hours, the cells were viable at 92%, 83%, and 75%, respectively (»p<0.001)
(Table 3, Fig. 3).

Table 3: Viability values of Caco-2 cells (%)

Cell viability (%)
24 hours 48 hours
Klotho mean+SD p value mean+SD p value
(ng/mL)
0.04 pg/mL 81,7+1,6 #3xp<0.001 92,6+1,9 p>0.05
0.15 pg/mL 68,8+1,4 #3xp<0.001 83,842,2 #xp<0,001
0.3 pg/mL 60,1+0,9 #3xp<0.001 75,2414 #xp<(0,001
Caco-2 u Control
120 u 0,04 pg/mL
0,15 pg/mL
100
0,3 ug/mL
g 80
z |
'_a dkk
© 60
g |
3
O 40
20
0
24 hours 48 hours

Figure 3: The results of the viability effect of recombinant klotho protein on Caco-2 cells by WST-8
analysis (n=3, ***p<0.001)

3.3. Real-Time qRT-PCR analysis of TRAIL receptors

Real-time qRT-PCR analysis was performed in order to determine the gene expression
changes of TRAIL death receptors (TRAILR1 and TRAILR?2) in cells. When CCD841 CoN
cells were treated with recombinant klotho for 24 hours, there were changes in TRAILRI1 (44.91
fold) and TRAILR2 (30.49 fold) gene expressions compared to the control group (CCD841
CoN cells not treated with klotho) (p<0.001). When CCD841 CoN cells were treated with
exogen klotho for 48 hours, there was a change in TRAILR1 (34.45-fold) and TRAILR2 (32.51-
fold) gene expressions compared to the control group (p<0.001) (Fig. 4 and Fig.5).
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Figure 4: The effect of klotho protein (0.3 pg/mL) applied to healthy and colorectal cancer cells for 24
hours on TRAILR1 and TRAILR2 gene expression changes (n=3, **p<0.01, ***p<(0.001)

When 0.3 pg/mL klotho was treated to colorectal cancer cells (Caco-2) for 24 hours, there
was a change in TRAILR1 (3.22 fold) and TRAILR2 (3.01 fold) gene expressions compared to
the control group (Caco-2 cells without klotho protein treatment) (p<0.01). When Caco-2
colorectal cancer cells were treated with klotho for 48 hours, there was a change in TRAILR1

(0.93 fold) and TRAILR2 (0.74 fold) gene expressions compared to the control group (p<0.01)
(Fig. 4 and Fig. 5).
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Figure 5: The gene expression changes of TRAILR1 and TRAILR2 gene expression levels after
treatment of klotho protein on healthy colon and colorectal cancer cells for 48 hours (n=3, **p<0.01,
**%p<0.001)
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4. Discussion

Klotho protein has many well-known functions such as anti-aging, anti-inflammatory,
and antitumor. Alterations in klotho gene expression affect cellular events such as cell viability
and programmed cell death. While klotho protein function contributes to apoptotic cell death in
normal cells, it acts as an inducer of apoptosis in cancer cells in combination with multiple
signaling pathways [17, 29, 33]. Studies have shown that klotho deficiency may be a marker
that can be used in the early diagnosis of colorectal cancer [5, 16]. The aim of this study was to
evaluate the apoptotic effects of recombinant klotho in chemotherapeutic-resistant human
adenocarcinoma colorectal cancer cell line (Caco-2) and healthy colon cells (CCD841 CoN). It
has been shown that in vitro application of recombinant klotho in cancer cells reduces cell
viability by stopping the cell cycle and leads to cell death [30]. Although the role of klotho in
these mechanisms is not clear yet, studies have shown that it has a tumor-suppressive property
[5]. It has been shown that klotho significantly suppresses cell proliferation and invasion in
hepatocellular carcinoma cells and induces apoptosis of cells or autophagy [31]. Klotho protein
levels have been found to be decreased in colorectal cancer [33, 34]. In studies with various
colorectal cancer cells, it was found that klotho significantly decreased the viability of cells and

induced cell death [35].

In our study, we found that the use of klotho protein in cells has a dose-dependent
cytotoxic effect and the most effective dose in apoptosis was 0.3 pg/ml. As a result of klotho
treatment to healthy cells for 24 and 48 hours, the viability values of the cells at all doses
decreased compared to the control group, although it was not statistically significant (p>0.05). It
was determined that klotho significantly reduced cell viability and stimulated apoptosis in
cancer cells treated with klotho protein (p<0.001). These results indicated that klotho induced
apoptosis in resistant Caco-2 cells and contributed to the normal apoptotic process in healthy

colon cells.

The relationship between TRAILR1 and TRAILR2 death receptors is crucial in the
activation of the TRAIL signaling pathway for the death of colorectal cancer cells. In cells,
TRAILR1 and TRAILR2 death receptors are initiators of TRAIL-induced programmed cell
death [36]. In studies conducted with TRAIL sensitivity in colon cancer cells, it was found that
TRAIL-sensitive cell line SW948 expressed more TRAILR2 than TRAILR1 on the cell
membrane, while two relatively resistant cell lines, Caco-2 and Colo320, expressed similar
levels of TRAILR1 and TRAILR?2 [37]. It has been shown that the majority of colorectal cancer
cells are resistant to TRAIL. Therefore, Caco-2 cells, which are highly resistant to TRAIL-

induced cell death, were selected in this study. In a study on the elimination of cancer cells of

332



Giines et. al. (2022) ADYU J SCI, 12(2), 324-337

TRAIL death receptors (TRAILR1 and TRAILR2), TRAILR2 was shown to be more effective
for caspase activation than TRAILR1 [38]. In our study, we found that the relative gene
expression levels of TRAILR2 in colorectal cancer cells were significantly increased at 24 and
48 hours after klotho administration. This result can be interpreted as that klotho activates the
cell death receptor TRAILR2 and thus can cause apoptosis of cancer cells by causing caspase

activation.

It has been reported that some clinically used drugs make cancer cells sensitive to TRAIL
by increasing the protein level of TRAILR1 and TRAILR2 [39]. Previous studies have shown
that DATI, one of the diaminothiazole drugs known to have antimitotic effects on colon cancer
cells (HCT-116), activates the MEK/ERK signaling pathway, increasing the expression of the
TRAILR2 receptor independent of p53. In another study, it was found that Azithromycin, which
is widely used in the clinic, increases the expression of TRAILR1 and TRAILR2 in HCT116
and SW480 colon cancer cells and sensitizes cancer cells to TRAIL [40]. In another study, the
chemotherapeutic drug gemcitabine was shown to increase the expression of death receptors in

HCT116 [41].
5. Conclusion

In our findings, it was observed that klotho protein decreased cell viability in cancer cells
and had a cytotoxic effect by inducing apoptotic cell death via receptors. The fact that klotho
protein increases the numbers of TRAILR1 and TRAILR2 death receptors can be interpreted as
klotho may sensitize colorectal cancer cells to TRAIL. In conclusion, we think that exogen
klotho protein can be used as a dose dependent adjuvant therapy in the treatment of human
colorectal adenocarcinoma. In addition, we think that extrinsic and intrinsic apoptotic caspases
and proapoptotic protein levels should be investigated in order to demonstrate the apoptotic

effects of exogenous klotho on death receptors.
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