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SUMMARY

According to data from studies, antioxidant herbal compounds are, likely to have a useful role in
reducing the harmful effects of environmental pollutants and toxic chemicals that most people are
exposed to. Cadmium is one of the toxic elements that accumulate in many organs, especially in
kidneys. The aim of this study was to investigate the effect of crocin on the expression of PKHD1
and KLLN genes in cadmium-treated rats.

In this experimental study, 40 adults male Wistar rats (200-250 g) were randomly divided into the
following groups: control group received normal saline, cadmium group (15mg/kg), crocin group
(20mg/kg) and cadmium group daily fed with crocin at a dose of 20 mg/kg.

After eight weeks of treatment, rats were dissected, and kidney tissues were removed for evaluation
of PKHDI1 and KLLN gene expression by real time method. The data were analyzed using one-
way ANOVA and significant difference between groups was P<0.05.

Our results showed an increase in PKHDI1 gene expression and a decrease in KLLN gene
expression in kidney tissue in the cadmium group compared to the control group (P <0.001).

Also, a significant decrease in PKHDI1 gene expression (P <0.001) and an increase in KLLN gene
expression P <0.05) were observed in the tissues of all cadmium-treated rats compared to cadmium.

Crocin consumption can have a protective effect against the impaired expression of PKHDI1 and
KLLN cadmium-induced apoptotic pathway.
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1. Introduction

Nowadays, cancer is one of the diseases that affect populations all over the world and cause many
problems. Among the types of cancers, a high percentage of people may get kidney cancer (Siegel et
al., 2016). Genetic and environmental factors associated with kidney cancer one of the environmental
factors is exposure to a variety of environmental toxins, heavy metals and environmental contaminants
that may be risk factors for kidney cancer (Chow et al., 2010).

Cadmium (Cd) is one of the heavy elements that are abundant in the environment, soil ,and many
industries and humans are exposed to it (Chen et al., 2016). Cadmium has shown its side effects on
various organs and causes kidney failure, lung cancer, brain diseases, anemia, skeletal changes, fetal
abnormalities and reproductive disorders (Chen et al., 2016).

Previous studies have identified the kidney as the most common organ involved with this element
(Sa et al., 2016). Effect on message transmission (Thévenod., 2009), peroxidation of unsaturated
fatty acids, inhibition of DNA repair system, inhibition of DNA methylation (Hartwig & Schwerdtle,
2002), depletion of antioxidants, dysfunction of E-cadherin protein, interaction with different ions,
oxidative stress induced by free radicals overproduction (ROS) (Liu et al., 2011), inflammation and
subsequent DNA oxidation, decreased levels of antioxidants, apoptosis disorder and increased activity
of some proteases are potential mechanisms of toxic effects of cadmium on tissue damage (Kim et
al., 2017; Mahdavi et al., 2011). Therefore, cadmium has been proposed as a candidate for alteration
in the expression of effective genes resulting from kidney cancer (Chen et al., 2016). As mentioned
above, one of the suggested mechanisms for the effect of cadmium on apoptotic kidney tissue is
that this pathway is mediated by different genes and impaired expression of each of these genes
can have damaging consequences (Mahdavi et al., 2011). Two of the major genes in the renal tissue
apoptosis pathway are polycystic kidney and hepatic disease [(PKHDI1) and killin or p53-regulated
DNA replication inhibitor (KLLN).

The PKHDI gene is an important factor in inducing apoptosis and invasion of cancer cells.
Therefore, downregulation of the PKHD1 gene may be of great help in promoting apoptosis and in
reducing adhesion and metastatic properties of cancer cells (Ward et al., 2011), and the KLLN gene
encodes a protein called Killin, which controls the expression of the Killin protein by the P53 protein
(Thompson, et al. 2012).Changes in the expression of the KLLN gene can lead to severe cell damage
as well as death. Therefore, the expression of killin protein prevents the cancer cells by controlling and
inducing cell apoptosis (Nizialek et al., 2013).

Combined with the P53 is one of the KLLN mechanisms for inducing apoptosis. It has been
demonstrated that after P53 induction during the S phase, KLLN binds highly to single-stranded and
double-stranded DNA, causing stopping S phase and ultimately inducing apoptosis (Wang et al., 2015).

Since cancer is a malignant disease and its therapeutic drugs have high cost and side effects, it is
logical to search for treatment and support strategies. Therefore, the attempt to introduce preventive
compounds, therapeutic methods and reduce the effect of risk factors on cancer incidence can reduce
the percentage of patients with this disease and treat more patients in the community (Sun et al., 2011).

Most herbal research today relates to the healing and therapeutic effects of traditional herbs that
have long been used in societies. One of these plants, which has multiple scientific articles on its
properties and importance in published scientific journals, is the saffron plant from the Iridaceae family
with various compounds and antioxidant properties, one of the compounds of interest to researchers
in saffron is crocin (Bakshi et al., 2017). Crocin is a carotenoid chemical compound with very high
antioxidant properties (Bakshi et al., 2017) and has anti-inflammatory properties (Bakhtiary et al.,
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2014; Bakshi et al., 2017). It has the most anticancer effect among saffron compounds, and has been
proven to have proapoptotic properties. Due to its powerful anticancer properties, it can be a good
candidate for cancer treatment and prevention (Hoshyar et al., 2017).

Several mechanisms have been proposed for the anti-cancer effects of crocin, including: effect on
cell proliferation, induction of apoptosis, inhibition of angiogenesis (Hoshyar et al., 2017), inhibition
of DNA and RNA synthesis however, the precise mechanism of crocin on DNA and RNA synthesis is
unclear (Sun et al., 2011). Crocin induces cell death in p53-dependent and non-dependent pathways
(Amin et al., 2015).

Crocin probably affects the mitochondrial membrane by affecting the expression of apoptotic and
anti-apoptotic proteins and causes the release of cytochrome C, resulting in mitochondrial-dependent
apoptosis in cancer cells. On the other hand, this compound affects the G2 stage of the cell cycle by
affecting cadherin protein (Cdc25a / b / ¢) and then cyclin-B-cdk2 and accelerates the process of
apoptosis (Amin et al., 2015).

Based on the scientific evidence on the effect of crocin on the expression of various genes in the
apoptotic pathway in various cancers, in this project, the effect of crocin on the expression of PKHD1
and KLLN genes in damaged kidney tissue in cadmium-deficient rats was investigated.

2. Materials and methods

Animals

To do this experiment, forty healthy adult male Wistar rats (160-200 g) were purchased from the
Pasteur Institute.All rats were housed under standard conditions (21+2°C; 12/12h light/dark cycle,
relative humidity 40-60%) in plastic cages. The animals had free access to water and fed special
commercial food during the experiment. They were kept in the laboratory for seven days before the
start of the test. In this examination, all the Ethics of working with animals were observed.

Chemacals

In this study, cadmium chloride was purchased from the Azmiran company (Germany, Alfa Aesar),
And crocin was obtained from Sigma Aldrich chemical (Sigma- Aldrich, USA). These doses were
chosen base on previous reports (Kilic & Kilic 2017; Ghotbeddin et al., 2017).

Animal grouping
Forty male Wistar rats were randomly divided into four groups (n= 10 per group):

Control group (lcc of normal salin (d. w.) /day), cadmium group (15 mg/ kg), crocin group (20mg/
kg) and Cadmium-Treated group (20 mg crocin/kg).

Injections of cadmium in single dose intraperitoneally and crocin were gavaged to rats for 8weeks.

Cadmium in single-dose (15mg/kg) and Crocin(20mg/kg) was gavaged for 8 weeks. These doses
were chosen based on previous reports (Kilic et al., 2017; Ghotbeddin et al., 2017).

At the end of the experiment, the animals were anesthetized with ether and after dissection of
animals and incision in the abdominal region of the separated kidney tissue, in washed physiological
serum and to evaluate gene expression PKHD1 and KLLN at -70 © C in liquid nitrogen were kept.
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Measurement of genes expression

To evaluate the expression of PKHD1 and KLLN genes in kidney tissue, RNA was extracted with
TRIZOL solution (CinnaGen Inc., Iran). In order to qualitatively evaluate the expression of the genes
studied, PCR products were analyzed by 1.5% agarose gel electrophoresis also, the concentration
and purity of the extracted RNA were confirmed by examining the absorption ratio at 260 / 280 nm
with the nano-drop (NanoDrop ND-1000 spectrophotometer; Thermo Fisher Scientific, Waltham,
MA), and samples with a light absorption ratio of 1.8 -2 were used for DNA synthesis. In this research,
cDNA was synthesized according to the instructions of the PrimScript RT Reagent Kit (Japan Takara
Corporation with proprietary code RR037A). To synthesize cDNA in a soluble RNA microtube, 0.5
pl of hexamer random and 5 pL of deionized water were added. The microtubes were placed in a
thermocycler for 15 minutes at 37 © C. Subsequently, then 2 pL. RT-specific buffer, 0.5 oligo dN'TPs
primer, 0.5 pL reverse transcriptase enzyme were added to the microtube to reach the final volume of
10 pl. Time required for cDINA synthesis based on the desired kit: 5 min 65 © C, 85 °C for 5 min and
finally the reaction was kept at 4 ° C.

Real time PCR was performed by Rotor Gene 6000 (Corbett Research, Australia) for genes
expression analysis. For real-time PCR, 2x master mix buffer, forward and reverse primer, cDNA and
deionized water were used. The thermal cycling conditions were as follows: 15 min at 95°C, and 40
cycles at 95°C for 20 seconds, 60°C for 20 seconds and 72°C for 5 min. The expression of the gene
was assayed using 2-**“ formula (Jalili et al., 2017).The primers required were designed using Oligo 7
software and the blasts were examined to confirm the sequence of primers designed from the NCBI
site(http://www.nchi.nlm.nih.gov/blast). The primers sequence is presented in Table 1, the GAPDH
gene was used as housekeeping.

Table 1.
The sequence of primers used for real-time PCR analysis.

Gene Forward Reverse
GAPDH 5 -ATCACTGCCACTCAGAAGAC -3 5-ACATTGGGGGTAGGAACAC -3°
PKHD1 5-AGCTGGAGGAGACAAATGGC-3" 5-CCAGGCTTCCTTATGCACCA-3*
KLLN 5°-CCCAGGGAGTGCAAAGAGAG-3" 5-TCTTCGGGTAGCTGGAGTGA-3"

Statistical data analysis

Statistical analysis was performed by GraphPad Prism statistical software package version
8.4. The data were expressed as mean+SEM and analyzed by one-way analysis of variance (ANOVA)
followed by post hoc Tukey’s test was used to assess the statistical significance of data between different
groups. Significance level P<0.05 was considered.

3. Results

Quantitative expression analysis PKHD1 and KLLN genes

Comparison of the expression of PKHD1 and KLLN genes between different groups of the current
study is presented in Figure 1A and B. There was a significant increase in PKHD1 gene expression
in the cadmium group compared to the control group (P<0.001). The expression of PKHD1 gene
was significantly increased in cadmium groups treated with crocin compared to the cadmium group
(P<0.001).


http://www.ncbi.nlm.nih.gov/blast

~
|€)

Effect of crocin on PKHD1 and KLLN genes expression in kidney tissue of male rats treated with cadmium

In Figure 1B, the difference in expression of the KLLLN gene is observed in different groups.

KLLN gene expression was significantly decreased in the cadmium group in compared to the
control group (P<0.001). Statistical analysis also illustrated a significant increase of KLLN gene
expression in the cadmium group gavaged with crocin for 8 weeks compared to the cadmium group
(P<0.05).

Figure 1.
Effects of crocin on the genes expression PKHD1(A) and KLLN (B) of in male rat expose cadmium.
Data are expressed as mean+SEM (n=10).
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C: control, Cd: cadmium (15mg/kg), Cro: crocin (20mg/kg), Cd+Cro: cadmium (15mg/kg) + crocin
(20mg/kg).
*k: P<0.001 as compared with the control group. ###: P<0.001, #*: P<0.05 as compared with the

cadmium.

4. Discussion

Cadmium has specific toxic effects on kidney tissue cells and reacts with many cellular transport
proteins to cause kidney tissue disruption (Mollaei et al., 2000). In addition to the pathological effects
of cadmium such as genotoxicity, protein degradation, and DNA damage, apoptosis has recently
attracted much research. Recent studies have shown that cadmium is likely to interfere with apoptosis

in cells through several mechanisms (Chen et al., 2014).

The evaluation of expression of two genes in this research and their changes in cadmium group
compared with control group is in line with previous evidence. Venza et al. (2014), suggested that
cadmium induces kidney cancer in humans through induction of epigenetic changes, especially
changes in DNA methylation patterns (Venza et al., 2014). Rafati Rahimzadeh and worker indicated
that cadmium has direct detrimental effects on cell life, which can be adversely affected by induction
of protease activity and impaired protease/antiprotease balance, ultimately leading to cell membrane
damage, inflammation and increased risk (Rafati Rahimzadeh et al., 2017).

Some studies attributed the increase in oxidative stress due to the production of free radicals as well as
the induction of inflammation as a possible mechanism of cadmium in causing cellular damage as well
as induction of cancer (Liu et al., 201 1;Kim et al., 2017). Given the pathological effects of cadmium on
renal cancer induction (kun Song et al., 2015) as well as the pivotal role of KLLN and PKHDI genes
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in the incidence of kidney disease, in the present study, for the first time, the effect of crocin on the
expression of PKHD1 and KLLN genes in renal tissue of male rats were tested for cadmium.

The use of compounds that can counteract the toxic effect can greatly help to improve the
destructive effects of this toxic element. The results of our finding indicated the effect of crocin on
the expression of both PKHDI1 and KLLN genes. Statistical analysis of these two genes revealed a
decrease in PKHDI1 gene expression and an increase in KIIN gene expression in kidney tissue of rat
treated with crocin compared to the cadmium group(p<0.03).

According to research, crocin is a compound with high antioxidant and anti-inflammatory
properties that, due to its positive properties, can reduce the production of free radicals and greatly
protects the cells and tissues involved (Bakshi et al., 2017). So, since the phenomenon of apoptosis
abolished many in cancer cells, the use of crocin is likely to induce the apoptotic process to cause
premature death of cancer cells (Hoshyar et al., 2017).

It has been reported that the PKHD1 gene plays an important role in the control of apoptosis
and the development of cancer cells (Ward et al., 2002). Ward et al. demonstrated that PKHD1 gene
expression is increased in colorectal cancer cells. They also reported that mutations in the PKHD]1
gene are closely linked to colorectal cancer (Ward et al., 2011).

Sjoblom et al. (2006), studying 14661 colorectal cancer patients, found that increased expression
of PKHD1 after mutation was one of the most common somatic the mutation associated with cancer
cell proliferation and metastasis (Sjoblom et al., 2006).

Evidence suggested that increased expression of PKHDI is associated with an increased risk of
colorectal cancer and the severity or stage of the disease. (Ward et al., 2002). In our finding, the
expression of PHKDI in the kidney of rats receiving cadmium was also increased, which is in line
with the results of previous studies.

Concerning the other gene in the present finding, the results of our analysis suggested that
consumption crocin induces KLLIN gene expression in kidney tissue of rats, so that crocin had the
most significant effect on increasing KLLN expression. However, cadmium significantly decreased
KLLN expression in the kidney tissue of rats. On the other hand, co-administration of cadmium and
crocin significantly increased KLLN expression compared to the cadmium-treated group. It has been
reported that the KLLN gene plays an important role in controlling apoptosis and preventing the
progression of cancer cells. It seems that impaired expression may be one of the leading causes of the
development and progression of kidney cancer (Nizialek et al., 2013).

Given the relationship between p53 and the KLLN gene, and on the other hand, the effect of
crocin on p53 (Hoshyar et al., 2017), it is hypothesized that crocin can affect the expression of the
KLLN gene and induce apoptosis, and it may have a powerful effect in treating and preventing kidney
cancer. According to the finding of Nizialek et al., (2013) a mutation in the KLLN gene impaired its
protein function and, as a result, made breast cancer cells immature, increased metastatic properties,
proliferative potential, and differentiation (Nizialek et al., 2013).

Wang and colleagues reported that increased KLLN gene expression induces apoptosis, decreased
breast cancer cell viability, decreased metastatic properties and angiogenesis (Wang et al., 2013).

In another study, Chen et al. (2015) Showed that crocin induced apoptosis and susceptibility of
cancer cells and eventually their premature death by stopping the cell cycle and increasing the Bax /
Bcl2 ratio, as well as increasing P53 expression.

Therefore, increasing the expression of KLLN gene and decreasing the expression of PKHDI1
gene in the cadmium group treated with crocin will probably be very helpful in promoting apoptosis
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and reducing the adhesion and metastasis properties of cancer cells due to the proapoptotic
properties of crocin.

5. Conclusion

The results of the effect of crocin on gene expression of PKHDIand KLLN kidney tissue in the
treated cadmium group, can show the effective effect of crocin of saffron plant in line with previous
studies. It is possible to use additional studies of crocin as a natural herbal compound in supportive
and therapeutic methods for people with or suffering from kidney cancer, although the requirement
of this proposal definitely requires histological studies, biochemical factors, pathways and other genes
are in the process of apoptosis in kidney tissue.
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RESUMEN

Diversos estudios sugieren que compuestos antioxidantes de hierbas tienen un papel atil en la
reduccion de los efectos nocivos de los contaminantes ambientales y los quimicos toxicos a los
que esta expuesta la mayoria de las personas. El cadmio es uno de los elementos toxicos que
se acumulan en muchos 6rganos, especialmente en los rifiones. El objetivo de este estudio fue
investigar el efecto de la crocina en la expresion de los genes PKHD1 y KLLN en ratas tratadas
con cadmio.

En este estudio experimental, 40 ratas Wistar macho adultas (200-250 g) se dividieron
aleatoriamente en los siguientes grupos: el grupo de control recibié solucién salina normal, el
grupo de cadmio (15 mg / kg), el grupo de crocina (20 mg / kg) y el grupo de cadmio alimentado
diariamente con crocina a una dosis de 20 mg / kg.

Después de ocho semanas de tratamiento, se disecaron las ratas y se extrajeron los tejidos renales
para evaluar la expresion de los genes PKHD1 y KLLN mediante un método en tiempo real. Los
datos se analizaron mediante ANOVA de una via y la diferencia significativa entre los grupos fue
P <0,05.

Nuestros resultados mostraron un aumento en la expresién del gen PKHD1 y una disminucién en
la expresion del gen KLLN en el tejido renal en el grupo de cadmio en comparacién con el grupo
de control (P <0,001).

Ademas, se observé una disminucion significativa en la expresiéon del gen PKHD1 (P <0,001) y
un aumento en la expresion del gen KLLN P <0,05) en los tejidos de todas las ratas tratadas con
cadmio en comparacién con el cadmio.

El consumo de crocina puede tener un efecto protector contra la expresion alterada de la via
apoptotica inducida por cadmio PKHD1 y KLLN.

Palabras clave: Cancer renal; Cadmio; Crocina; PKHD1; KLLN.
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