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Original Article  Sulforaphane (SFN) is an organosulfur product of found isothiocyanates in vegetables. The
chemopreventive effects of SFN have revealed that there is a link between excessive
consumption of SFN-rich vegetables and cancer formation without possible toxicological
consequences. We aimed to evaluate the cellular outcome of SFN from a toxicological
perspective, particularly for renal cells including clear cell adenocarcinoma (769-P) and
human embryonic renal epithelial (293T) cells. The viability/cytotoxicity experiments were
performed with methyl thiazole diphenyl tetrazolium (MTT) and lactate dehydrogenase
(LDH) assays. I1Cso-dependent, non-cytotoxic concentrations were used for the determination
of cell cycle status and apoptosis by using flow cytometry and western blot. A certain
concentration of SFN effectively altered apoptotic/necrotic behavior in 769-P compared to the

?ggslgzz7 control group 293T. Cell cycle status remained stable while showing a decreased proliferation
Revised: profile for 769-P cells. The percentage of the S phase from the cell cycle in 293T cells
2023.01.01 significantly reduced without affecting proliferation status. The use of SFN as an alternative
Accepted: to traditional treatments might be considered for the battle against renal cell carcinoma but the
2023.01.23 current findings showed that caution should be applied particularly for renal cells. Our study
Pub Online: will provide a basis for future in vivo studies to support traditional cancer therapies.
2023.02.01 Keywords: Apoptosis, cell cycle, kidney cancer, sulforaphane, 293T cells, 769-P cells

Cite this article: Gokay. G. Sulforaphane, a Chemopreventive Compound Induces Necrotic Behavior and Inhibits
S-phase of Cell Cycle in Human Kidney Cells in vitro. International Journal of Molecular and Cellular Medicine.
2022; 11(2):104-116. DOI: 10.22088/IJIMCM.BUMS.11.2.104

© The Author(s).
Car=m Publisher: Babol University of Medical Sciences

This work is published as an open access article distributed under the terms of the Creative Commons Attribution 4.0 License
(http://creativecommons.org/licenses/by-nc/4). Non-commercial uses of the work are permitted, provided the original work is properly cited.

*Corresponding Author: Guzin Gokay
Address: Adnan Menderes Bulvari, Vatan Caddesi, 34093, Fatih, Istanbul, Turkey.
E- mail: gokayguzin@gmail.com


mailto:gokayguzin@gmail.com
http://creativecommons.org/licenses/by-nc/4
http://dx.doi.org/10.22088/IJMCM.BUMS.11.2.104
https://ijmcmed.org/article-1-1904-en.html

[ Downloaded from ijmcmed.org on 2026-07-12 ]

[ DOI: 10.22088/IIMCM.BUMS.11.2.104 ]

105 Evaluation of Sulforaphane on kidney cells/ Gokay G, et al

Introduction

Phytochemicals are herbal chemicals that are spontaneously produced in fruits, vegetables, or cereals.
They have been widely studied for their chemopreventive characteristics and many of them are beneficial
for healthy living (1). Their comprehensive effects and therapeutic value have driven phytochemicals as
interesting tools for cancer treatment. Despite their potential and easy accessibility, they suffer from major
drawbacks such as instability, inadequate bioavailability, and limited absorption by the cell membrane (2).
Thus, the formation of appropriate strategies to promote the use of phytochemicals is crucial.

Sulforaphane [1-Isothiocyanato-4-(methylsulfonyl) butane] (SFN) is a naturally-occurring
isothiocyanate that is derived from broccoli and other crucifers. SFN results from the hydrolysis of
glucosinolate-type glucoraphanin with endogenous myrosinase enzyme (3). The highest levels of
glucosinolate are mostly found in broccoli sprouts. Several studies investigating SFN revealed that
chemoprevention mechanisms of SFN affected various molecular interactions, and played a role in
carcinogenesis (4). Anti-inflammatory (5), anti-oxidant (6), anti-apoptotic (7), protection against tumor
development and suppression effects(8), and anticancer effects (9) were shown for SFN. SFN is not a direct
anti-oxidant or pro-oxidant agent itself, but rather indirectly affects the anti-oxidant capacity and ability to
cope with oxidative stress (10). Although a considerable amount of literature has been carried out on SFN,
the full understanding of its potential in a medicinal application for the treatment and prevention of cancer
is still restricted. To date, there has been little agreement on what is the suitable intake for providing
effective doses of herbal products or dietary supplements (11). Preliminary experimental evidence on SFN
for the treatment of cancer suggested that SFN repressed angiogenesis, the transformation of benign to
malignant tumors and metastases. However, along with these toxicity studies, no previous study has
investigated the effects of SFN on renal cells.

Renal cell carcinoma (RCC) is the most common solid lesion that occurs in the kidney, accounting for
90% of all renal malignancies (12). There are many factors contributing to the etiology of RCC,
nevertheless, the cause remains unknown (13). Around 2-3% of all cancers in adults are associated with
RCC. Among all of the RCC cases, clear cell RCC (ccRCC) is the most common histological type (14). It
is considered slowly progressive, but still, some of the cases have shown to be aggressive and even
metastasized (15). The absence of early markers, nonspecific symptoms, and poor diagnosis may require
aggressive treatment options, as well as distant metastases (16). Management of the disease focuses on
surgery and ablation as chemotherapy is not completely effective, especially for ccRCC (12). Surprisingly,
a particular study showed that resistance development was delayed against RCC via SFN-mTOR inhibitor
(everolimus) combined treatment in vitro (17).

There is a general lack of scientific data about how SFN may affect cancerous and non-cancerous renal
cells. This study aimed to obtain a preliminary analysis of SFN on renal cell toxicity. The cytotoxic effects
of possible SFN-mediated cell damage between clear cell adenocarcinoma (769-P) and renal epithelial
embryo (293T) cell lines were determined using methyl thiazole diphenyl tetrazolium (MTT) and lactate
dehydrogenase (LDH) assays. Cell cycle and cell death progression were analyzed and apoptotic-necrotic
behavior was confirmed with western blot.
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Materials and Methods

Cell Culture

Human renal cell adenocarcinoma cell line 769-P and human embryonic kidney epithelial cell line
293T were obtained from American Tissue Culture Collection (ATCC, VA, USA). Cells were grown in
RPMI 1640 (Gibco, Thermo Fisher Scientific, MA, USA) for 769-P, DMEM (Gibco, Thermo Fisher
Scientific, MA, USA) for 293T supplemented with 10% fetal bovine serum (FBS) (Gibco, Thermo Fisher
Scientific, MA, USA) and 1% penicillin/streptomycin (Gibco, Thermo Fisher Scientific, MA, USA) at
37°C with 5% CO,. Cells were cultured in 25 cm? flasks (Isolab GmbH, Germany) and harvested with
0.05% trypsin-EDTA (Gibco, Thermo Fisher Scientific, MA, USA) when they reached 80% confluency.
Preparation of SFN Dilutions

Dilutions of the commercially purchased SFN (CAS 4478-93-7, Cayman, Michigan, USA) were
prepared using DMEM and RPMI 1640 complete medium for each cell type. 141.0039 mM stock SFN was
dissolved in 2 mL ethanol. Serial dilutions using growth medium were prepared from the stock SFN solution
at 200 uM, 100 pM, 50 uM, 25 uM, 12.5 uM, 6.25 M, 3.125 uM, 1.56 uM, 0.78 uM, 0.39 uM, 0.19 uM,
and 0.095 uM final concentrations.
Analysis of the Cytotoxicity

Determination of the cell viability and toxicity were performed by MTT and LDH assays, respectively.
Cultured cells were seeded into flat bottomed 96 well plates with a density of 5x10° cells/well and allowed
to attach for 24h. Then, the concentration series of SFN was added to cells in triplicates and incubated for
24h, 48h, and, 72h for MTT assay. 10 pL of MTT (Invitrogen, Thermo Fisher Scientific, MA, USA) (5
mg/mL in PBS) was added to each well and the plates were incubated for 4 h at 37°C in the dark. Finally,
for dissolving formazan crystals, 100 uL of DMSO was added to each well and the absorbance at 540 nm
was measured. The relative viability percentage was calculated from the following equation: Relative
percent cell viability = (Atest/ Acontrot) X 100%. (Asest is the absorbance of the sample treated cells and Acontrol
is the absorbance of the untreated cells). Quantification of the cellular cytotoxicity was performed as
explained above to establish an LDH assay (Pierce LDH Cytotoxicity Assay Kit, Thermo Fisher Scientific,
MA, USA) according to the manufacturer’s protocol. Briefly, after the treatment with SFN, a 50 uL. medium
was collected for the released LDH, transferred to a new 96 well plate, mixed with a 50 pL reaction mixture,
and incubated for 30 min at room temperature in the dark. Reactions were stopped by adding a 50 uL stop
solution and absorbance at 490 nm and 680 nm was measured using a multiplate reader (Biotek Synergy
H1 Hybrid Multi-Mode). For calculating the percentage of the cytotoxicity, LDH activity of the
spontaneous LDH release control (water-treated) was subtracted from the treated LDH sample activity,
divided by the total LDH activity [(Maximum LDH Release Control activity) — (Spontaneous LDH Release
Control activity)], and multiplied by 100.
Analysis of Cell Death and Cell Cycle

Apoptosis and cell cycle profiles of the cells were determined using Muse Cell Analyzer (Millipore,
MA, USA) according to Annexin V/7’AAD & Dead Cell Kit (#MCH100105) and Cell Cycle Kit
(#MCH100106) assay protocols. Briefly, 769-P and 293T cells were cultured in a 24-well plate with a
density of 50 x 102 cells/well and allowed to attach for 24h in a 2 mL medium. To further evaluate SFN
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treatments, flow cytometric analysis was carried out using only 25 uM, 12.5 uM, 6.25 uM, 3.125 uM, 1.56
puM, and, 0.78 uM concentrations, based on dose and time response results of the cytotoxicity analysis. As
a result of higher concentrations causing a dramatic decline in the viability, to achieve SFN activities, cells
were treated for 48h with 25 uM, 12.5 uM, 6.25 uM, 3.125 uM, 1.56 uM, and, 0.78 pM SFN dilutions.
After the incubation, cells were collected for apoptosis assay. 100 pL of Annexin V/7°’AAD & Dead Cell
Reagent and 100 pL of cell suspension were added to a tube and incubated in dark for 20 min at room
temperature. Also for cell cycle analysis, cells were collected after the incubation and washed with 1X
phosphate-buffered saline (PBS). After centrifuging at 300 x g for 5 min, cells were fixed in 1 mL 70%
cold ethanol at -20 °C for 3 h and washed with 1X PBS. 200 uL of cell suspension and 200 pL of Muse cell
cycle reagent were added to the tube and incubated in dark for 20 min at room temperature. Quantification
of both assays was performed using the analyzer.
Western Blotting

Both cell lines were incubated with 12.5 uM, 6.25 uM, and 3.125 uM SFN for 48 h upon considering
their half-maximal inhibitory concentration values and cell death and cell cycle analysis results. After the
incubation, the cells were washed with 1X PBS and for obtaining total protein extracts, 1 x 10° cells were
lysed in 100 UL complete RIPA lysis buffer (containing 5 pL phenylmethylsulfonyl fluoride, 5 uL sodium
orthovanadate solution, and 5 pL protease inhibitor cocktail) (Santa Cruz, TX, USA). The cell suspension
was frozen at -80°C and the supernatant was collected after centrifuging for 15 minutes at 13000 x g. Total
protein concentrations were measured using Qubit™ Protein Assay Kit (Invitrogen, Thermo Fisher
Scientific, MA, USA). 30 ug sample of total protein was prepared using 2X Laemmli sample buffer (Bio-
Rad, CA, USA) and separated on 4-12% polyacrylamide gel. Separated proteins were transferred to 0.2
um PVDF membranes (Bio-Rad, CA, USA) using a semi-dry system in a 1X transfer buffer at 1 ampere,
25 voltage for 10 minutes with the Trans-Blot Turbo Transfer System (Bio-Rad, CA, USA). After blocking
PVDF membranes at room temperature with TBST (Tris Buffered Saline with 0.02% Tween-20) containing
5% nonfat milk, the membranes were probed with primary antibodies against B-actin (1:1000 dilution,
#4967, Cell Signaling, MA, USA), poly ADP-ribose polymerase (PARP) (1:1000 dilution, #9542, Cell
Signaling, MA, USA) and proliferating cell nuclear antigen (PCNA) (1:2000 dilution, #2586, Cell
Signaling, MA, USA). For secondary antibodies, anti-rabbit IgG and anti-mouse 1gG HRP-linked
antibodies (1:3000 dilution, Cell Signaling, MA, USA) were used. Detection of the signal from the blots
was developed using the Enhanced Chemiluminescence (ECL) detection kit (Advansta, CA, USA).
Densitometric analysis of band densities was measured using Image-J and normalized against that of -
actin in each sample.
Statistical Analysis

The statistical analysis was conducted using a one or two-way analysis of variance (ANOVA) followed
by Dunnett's test for multiple comparisons and Student's t-test for comparisons between groups when
necessary. Furthermore, post-hoc pairwise comparisons included a two-by-two basis, and all the outcomes
from all assays were involved and additionally the concentrations versus untreated groups and/or time
intervals versus concentrations and/or between cell types versus all were analyzed. All data are presented
as the mean = SD, with a significance level of p <0.05. Western blot images were quantified
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densitometrically and normalized using an internal control (B-actin) by ImageJ. All results were evaluated
using GraphPad Prism v8.3 (GraphPad Software, CA, USA).

Results

Cytotoxic Effects of SFN

The half-maximal inhibitory concentration values (ICso) of SFN in the treated cell lines were calculated
by AAT Bioquest using MTT assay data (18).
The 1Cs of SFN for 293T cells was 19.3 uM, 13.5uM, and 6.2uM, and for 769-P cells, the 1Cso was found
at 19uM, 11.2uM, and 15.1uM for each time interval, respectively. The survival rates including viability
changes and the cytotoxicity of 293T and 769-P cells after 24, 48, and 72 h treatments with SFN are
presented in Figure 1. The cell viability for both cell lines decreased with increasing concentrations of SFN
when compared to the untreated group. On the one hand, despite the ICso, approximately 50% viability was
predicted at a concentration between 25 to 50 uM (69% and 32% respectively) for 24 h of treatment with
SFN (Figure 1A). Besides, after 48 h treatment, the viability showed significant changes at 12.5uM (46.2%)
concentration (p=0.0109). Viability continued to decrease as the duration of treatment was prolonged, and
similar results with the 1Cso value were valid only for 24 and 48 hours. Cellular cytotoxicity levels did not
show significant differences between 0.095 uM and 50 UM concentration rates when compared with
untreated groups (Figure 1B) and this indicated that cytotoxicity was dose and time-dependent.
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Fig.1. Cell viability from MTT assay and cytotoxicity results from LDH assay Results of SFN treated 293T cells (A.) and SFN
treated 769-P cells (C.) by MTT assay following 24, 48, and 72 hours. B. Results of SFN treated 293T cells and D. Results of SFN

treated 769-P cells by LDH assay following 24, 48, and 72 hours. All experiments were performed in triplicate and the results were
analyzed and presented as mean + standard deviation. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, LDH:
lactate dehydrogenase, SFN: sulforaphane [1-Isothiocyanato-4-(methylsulfonyl)butane].
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On the other hand, the 769-P cells showed a decreasing viability pattern for all incubation times when
incubated with 6.25 UM or higher concentrations (Figure 1C) over time. Considering the 1Cso value
approximately 50% viability was found at 6.25 uM and that provided a viability value of 60.9% for 769-P
cells after 24 h. Besides, at 48 h of treatment showed 46.2% viability for the same concentration (6.25 pM).
The higher concentrations of SFN also include 50, 100, and 200 uM, and these concentrations underwent
almost complete cell killing after 48 h incubation for 769-P cells (Figure 1C). The LDH activity
measurements provided that 769-P cells incubated with 25, 50, 100, and 200 uM SFN affected cell toxicity,
yielding nearly similar trends to the MTT assay (Figure 1D).

To further evaluate whether the treatment of SFN affected cells, the following experiments were
carried out using 12.5 uM, 6.25 uM, and 3.125 uM SFN concentrations at 48 h. After ICso determination
and comparison of MTT and LDH assays, a 48-hour treatment was preferred and decreased dose titration
starting from the 1Cso values (closest working concentration was found at 12.5 pM) as a high concentration
limit for both cell lines. Further experiments were performed with 12.5 pM, 6.25 uM, and 3.12 uM
respectively.

Effect of SFN on the Induction of Apoptosis

To identify the effects of SFN on cellular damage and death in 293T and 769-P cells, the Annexin
V/7’ AAD method was performed using 12.5 uM, 6.25 uM, and 3.125 puM SFN after 48 h of treatment. The
cell profile was determined as live, early apoptotic, late apoptotic/dead, and total apoptotic profiles after
treatment with SFN. Raw profiles were complied in Supplementary Figure 1. The changes in early and total
apoptotic cell percentages demonstrated that non-cancerous cells showed altered dead cell profile after
incubation with the same concentration (Figure 2A), also 769-P cells after 48h incubation with 12.5 uM
SFN led cancer cells to death (Figure 2D). A significant increase in the early apoptosis cell profile was
observed in 293T cells at a concentration of 6.25 and 12.5 uM SFN (p= 0.024 and p<0.001, respectively)
when compared to the untreated group. In 769-P cells, a significant increase only occurred for 12.5 uM
SFN (p= 0.005) ,when compared with the untreated group. This observation suggested that a higher
concentration of SFN such as 12.5 uM could induce cell death by increasing the total apoptotic cell profile
for cancer cells, and also for non-cancerous cells.

To distinguish the mechanism of cell death, apoptosis and necrosis-related poly ADP-ribose
polymerase (PARP) protein expression levels by western blot analysis were used. Untreated 293T cells
expressed hardly noticeable cleaved PARP. On the other hand, SFN treatments led 293T cells to undergo
cell damage, especially for 12.5 uM SFN (Figure 2B). As shown in Figure S2D, all SFN treatments induced
elevated necrotic PARP protein levels than the untreated group. These results also matched those observed
in flow cytometric studies. Protein expression levels presented in both blot images showed that total PARP
was cleaved in fragments of 89 and 50 kDa (apoptosis and necrosis indicator, respectively) during SFN
treatments (Figures 2B and 2E). Changes in total and cleaved PARP protein levels were also analyzed in
769-P cells. As described above, untreated 769-P cells also showed no PARP cleavage. Contrarily, 48h
treatment of cells to SFN resulted in increments of necrotic cleavage products (Figure 2E). SFN treatments
provoked a major loss of total PARP and protein expression levels were found significantly decreased,
where necrotic cleavage products were raised at all concentrations of SFN (Figure S2A) (p <0.001).
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Fig.2. For apoptosis analysis, 293T (A) and 769-P (D) cells were treated with 3.125 uM, 6.25 pM, and 12.5 uM SFN. Flow
cytometry analysis for 293T cells showed to induce early apoptosis at 6.25 and 12.5 uM of SFN (p= 0.024 and p<0.001,
respectively). Flow cytometry analysis for 769-P cells showed to induce early apoptosis at 12.5 uM of SFN (p=0.005). Results of
cell cycle analysis of 293T (B) and 769-P (E) cells treated with 12.5 uM, 6.25 uM, and 3.125 uM SFN. The percentage of cells in
the GO/G1, S, and G2/M phases was obtained by flow cytometer. 293T cells treated with indicated concentrations (uM) of SFN for
48 h showed 12.5 uM SFN significantly decreased the percentage of the cells in the S phase (p=0.001). 769-P cells treated with
indicated concentrations (uM) of SFN for 48 h showed no significant changes in the cell cycle profile (p>0.05). Western blot
images of PARP, its cleavage products, and, PCNA protein expressions in 293T cells (C) and 769-P cells (F) were determined
using chemiluminescent methods and relative protein quantification was made by densitometric analysis. Apoptosis and cell cycle

experiments were performed in triplicate, the western blot method was performed in duplicate and the results were analyzed with

one-way or two-way ANOV A when necessary and presented as mean + standard deviation. pM: micromolar, SFN: sulforaphane
[1-1sothiocyanato-4-(methylsulfonyl)butane], PARP: poly ADP ribose polymerase, PCNA: Proliferating cell nuclear antigen.

Effect of SFN on Cell Cycle

To assess whether SFN promotes cellular growth inhibition via alterations in the cell cycle, the effects
on cell cycle distribution were examined using a flow cytometer. Population stages for 293T and 769-P
cells were determined after 48 h treatment with 12.5 uM, 6.25 uM, and 3.125 uM SFN (Supplementary
Figure 1B and 1D, respectively). The results from the four checkpoints that exist in the cell cycle (GO / G1,
S, and G2 / M) of 769-P and 293T cells were shown in Figures 2C and 2F, respectively. Treatments with
SFN did not affect the percentage of cell numbers in the GO/G1, S, and G2/M phases in 769-P cells. No
significant differences were found in these measurements (Figure 2E). Interestingly, there were significant
differences in the ratios of the cell cycle in 293T cells, SFN significantly caused a decline in the 293T cells
at the S phase (p 0.0014) (Figure S2B). The percentage of cells in the S phase with no treatment (untreated)
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exhibited 35.3% and decreased to 11.35% when treated with 12.5 UM SFN. These results suggested
that 12.5 uM SFN is associated with S-phase in 293T cells compared to the untreated cells. In addition,
PCNA protein expression analysis was carried out to confirm the changes in the S phase. Further
analysis showed that, as expected, PCNA protein levels were elevated at 12.5 pM SFN for 293T
cells, and declined for 769-P cells (Figure 2B, and Figure 2E,Supplementary and Figure 2C, respectively).
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Supplementary Fig.1. For analysis of cell death, 293T (A) and 769-P (C) cells were treated with 3.125 uM, 6.25 uM, and 12.5
pM SEN. Flow cytometry results were presented as the apoptosis profiles of three independent experiments of living, early
apoptotic, and total apoptotic after 48 h treatment. The gating was adjusted according to the untreated sample and the representative
scatterplots were presented as the percentage of cells that were viable (Ann-V~ 7-AAD"), early apoptotic (Ann-V* 7-AAD"), late
apoptotic (Ann-V* 7-AAD"), and dead (Ann-V~ 7-AAD"). For cell cycle analysis, 293T (B) and 769-P (D) cells were treated with
3.125 uM, 6.25 pM, and 12.5 uM SFN. Flow cytometry results were presented as DNA histograms of cell cycle distributions of
three independent experiments after 48 h treatment. Analyzed cells were gated on DNA content and cell size index parameters to

determine the GO/G1, S, and G2/M phase (uM: micromolar, SFN: sulforaphane [1-Isothiocyanato-4-(methylsulfonyl) butane],

Ann-V: Annexin V, 7-AAD: 7-aminoactinomycin D).
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Supplementary Fig.2. Relative protein expression levels of total PARP (A), cleaved-PARP (B), PCNA (C), necrotic (PARP) band
(D), and p23/24 (E) obtained from western blot analysis were presented. Protein expression changes of mentioned proteins in 293T
and 769-P cell lines using 3.125 pM, 6.25 uM, and 12.5 pM SFN were calculated as relative values to the reference protein (f3-
actin). p values were indicated as **p < 0.001, ***p < 0.0001. All experiments were performed in duplicate, and the results were
analyzed and presented as mean * standard deviation. All p-values were obtained by two-way ANOVA following Dunnet's multiple
comparison test. pM: micromolar, PARP: poly ADP ribose polymerase, PCNA: Proliferating cell nuclear antigen, SFN:

sulforaphane [1-1sothiocyanato-4-(methylsulfonyl)butane].

Discussion

Phytochemicals play an important role in preventing and curing cancer through various biological
activities. The role of phytochemicals in cancer prevention and treatment via antioxidant & pro-oxidant
activity, apoptosis, necrosis, autophagy induction, along regulation of miRNA expression were
demonstrated (19).

SFN has been reported to inhibit the cell growth of several cancer types and has been shown to induce
apoptosis. Specifically, it is presented as an effective chemopreventive molecule in all in-vitro, in-vivo, and
xenograft models, holding potential for cancer prevention (20). One of the major drawbacks over the years
of traditional cancer treatments such as chemotherapy and radiotherapy have systemic toxicity and
ineffective regimens. Previous studies have reported that combining SFN with chemotherapy and
radiotherapy showing increased sensitivity and therapeutic efficacy for resistant cancer cells. Continuous
use of chemotherapeutic agents such as gemcitabine and cisplatin, with SFN, had increased anti-tumor
effect and reduced cytotoxicity, even at low doses (21). It was also found that SFN causes cell cycle arrest
together with anti-proliferative and apoptotic effects (22). The study of the link between SFN and apoptosis
was first determined in HT29 and Caco-2 colon cancer cells, following the definition of caspase activation
in LNCaP prostate cancer cells (23, 24). Contrary to the previous reports, SFN had also been shown to
inhibit apoptosis, and two published studies described the mechanism of apoptosis for different cell lines
except for renal carcinoma cells (4, 25, 26). In 2017, Lan et al. found decreased viability in a dose-dependent
manner (at 0-20 uM concentrations) when treated with SFN for human colon cancer cells (SW480 and
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HCT-116) (27). In 2018, Rutz et al. observed that SFN treatment on the A498 renal carcinoma cell line
reduced cell proliferation (28). Observed studies demonstrated that the progressive behavior of SFN on
cancer cells varies depending on the type (bladder, bone, brain, breast, colon, etc.) of cancer cells (29).
Recently, in a study with gastric cancer cell lines (BGC-823 and MGC-803), SFN has been found to
significantly suppress cell proliferation by arresting the cell cycle in the S phase and increasing cell
apoptosis in a dose-dependent manner. Protein expression results showed that SFN treatment significantly
increased the expression levels of p53 (tumor protein, TP53) and p21 (cyclin-dependent kinase inhibitor 1)
which directly regulates the S phase transition (30).

There is numerous published study that describes the role of SFN treatment in cancer cell lines except
for kidney cells. Therefore we aimed to evaluate the changes in the cell status by apoptosis/ cell cycle, and
protein expression changes after treatment with SFN on kidney cancer cells. Current findings in this study,
SFN treatment on RCC showed a necrotic behavior which is confirmed by protein expression. Additionally,
inhibiting the S phase during the cell cycle when compared to healthy kidney cells. LDH assay
demonstrated that 293T cells had low cytotoxic activity, even with higher doses (up to 25 uM) and for 769-
P cells, cytotoxicity had increased over time depending on the increased concentration. Furthermore, the
suitable working concentration was approved by 1Cs determination. The results of the 48 h SFN treatment
showed a more proportional effect during decreased dose titration for viability and cytotoxicity results from
both cell lines. Continued experiments were carried out within 48 h of treatment and included
concentrations were 12.5 uM, 6.25 uM, and 3.12 UM, respectively. As of note, we were aware that the 6.25
UM and 12.5 pM have 30% viability however, the ICso levels were more reliable and taken into
consideration more primarily than MTT and LDH assay results.

In 293T cells, the population profile of early apoptosis showed significant alterations with increased
concentration of SFN, however, that increment did not correlate with the total PARP and cleaved-PARP
protein expressions. A considerable amount of literature has been published about the activation of
proteases that may result in the production of PARP fragments (31). A specific signature of the fragments
was detected that involved the type of cell death (31). The molecular weights of cleaved PARP fragments
are 89 kDa, 64 kDa, 50 kDa, and 21 kDa or p23/24 kDa (this protein has two overlapping terms) (31). The
presence of 89 kDa and 21 kDa fragments correlated with the activation of Caspase-3 and the presence of
apoptotic cell deaths. In another study, about 50 kDa and 64 kDa cleaved PARP fragments were related to
cathepsin-b and elevated levels of granzyme-b respectively and as a result, the presence of necrotic cell
death (31). In this study, the relative PARP and PARP fragment protein expression showed a dose-
dependent necrotic response and p23/24 expression had significantly changed when compared with the
untreated group. The necrotic band of PARP protein (50 kDa fragment) was found significant at 6.25 uM
concentration in 293T cells, however, the p23/24 protein levels for the same concentration showed no
significant differences. Besides, there was a decrease in protein expression for 12.5 uM concentration.
Furthermore, proliferative cell marker PCNA relative protein expression analysis had not found significant
changes below 12.5 uM concentration for 293T cells, while 769-P cells showed a significant decrease in a
dose-dependent manner. Although, the cell cycle S-phase population profile was detected to significantly
decreased in the 293T cells after treatment with SFN.
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In 769-P cells, the early apoptotic cell population was found to significantly increase for the higher
SFN concentrations. The dose-dependent changes were also determined for total-PARP and its cleaved
products. The outcome of the apoptosis was found to correlate with the relative total PARP protein
expression. The necrotic band showed a significantly higher protein expression level for all concentrations.
No band seemed for cleaved PARP, however, the p23/24 protein expression was observed in all
concentrations, even with the necrotic response. In addition, the PCNA relative protein expression levels
significantly decreased by the treatment in a dose-dependent manner. Hence, SFN treatment in 769-P
altered effectively apoptotic/necrotic behavior more than in healthy renal cells (293T). Additionally, the
cell cycle population profile was found to be affected by SFN treatment but statistical analysis of these
changes was not significant. Yet, the population of S-phase increased treatment with higher concentrations
without affecting proliferation (according to the relative PCNA protein expression level).

There is a degree of uncertainty about the phytochemicals and their target mechanisms. Most of the
phytochemicals reported have an apoptotic effect by caspase induction. Some reports indicated that necrosis
may have a role in controlling neoplastic cells by destroying tumor cells. Using phytochemicals while
causing necrosis may propose a different strategy, which could enable the development of new drug
research against cancer. Most phytochemicals can also affect the mediators that have a role in cell death.
Therefore, inducing necrosis and apoptosis synergistically may provide a promising approach (19).

In conclusion, the presented studies so far outlined that SFN could provide an effective and safe
chemopreventive phytochemical. The use of SFN as an alternative to traditional regimens might be
considered a suitable candidate against kidney cancer. However, the current findings showed that caution
should be applied during the use of SFN. As of note, this study has a limitation regarding the lack of healthy
adult kidney cells. A comparison between clear cell adenocarcinoma (769-P) and embryonic renal epithelial
(293T) cell lines may not adequately suggest comparable outcomes. However, the results of this study
provide a basis for future in vivo and clinical studies of SFN on renal cells. The susceptibility to kidney cell
profile during apoptosis via SFN treatment is dose-dependent, and induced necrotic cell death might play
a role. Cell cycle profile and a true reflection of proliferation status are possibly related to the time-
dependent manner. Further research should be performed for clarification of the outcome and precise
mechanisms.
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