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Abstract. Cervical cancer remains a significant health problem worldwide,
despite the advances in screening, diagnosis, treatment, and prognosis. Heat shock
protein 70 (HSP70) is an anti-apoptotic protein that inhibits the cancer cell death by
interfering with apoptotic pathway activation. In chemoradiation, the production
of the Reactive Oxygen Species damages the organelles of the cancer cells. This
urges the dying cells to produce HSP70 which inhibits the extrinsic and intrinsic
apoptotic pathways helping in the prognosis of cancer. In the present study before
approaching human subjects, the hypothesis is tested on SiHa cervical squamous
cell carcinoma cell line. The paper aims to estimate the anti-apoptotic HSP70
protein in the media collected from the cultured SiHa cervical squamous cell car-
cinoma cell line treated with cisplatin, radiation and chemoradation. The Hsp70
is estimated using ELISA method and the HSPA1A gene expression is estimated
using QRT-PCR. From the radiation and chemoradiation results, the investigators
noticed that cancer treatments induce cellular damage and initiate a cytoprotective
mechanism in cells as a response. Higher levels of HSP70 are found in SiHa cells
treated with cisplatin-combined radiation when compared to cisplatin or radia-
tion alone. From the findings, the investigators conclude that the higher expres-
sion levels of HSP70 in chemoradiated SiHa cells showed that cytoprotective
anti-apoptotic HSP70 protein is released as a response to chemoradiation.
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1 Introduction

According to the latest Globocan report 2021, in India 1,23,907 women are diagnosed
with cervical cancer and 77,348 died from the disease in 2020 [1]. HPV information
center 2020 stated that, the second most prevalent cancer in India is cervical cancer. It
is the primary cause associated to cancer deaths in women in middle and low-income
countries [2]. In clinical studies, before animal / human studies the hypothesis is tested
on cell lines. Cell culture is selected as the primary study to understand molecular, and
cellular biology (e.g., the interaction between cells, responses to drugs/treatments, etc.).
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Cell lines are immensely helpful for cancer pharmacogenomic studies to predict clinical
response, and drug testing. These studies help to uncover novel mechanisms underlying
variations in drug response. The protein up/down regulations or cellular cytotoxicity can
also be easily verified [3]. In the present study, the investigators adopted the cell cul-
ture method for culturing SiHa cells. The Heat Shock Proteins (HSPs) namely HSP60,
HSP70, HSP90 are a group of proteins that belong to chaperone family. Interestingly,
HSP70 is an important stress-inducible and anti-apoptotic protein [4]. HSP70 is essential
for cell survival in stressful situations. HSP70 functions as a molecular chaperone, help-
ing misfolded proteins accumulated by stress to fold correctly and avoid cell death [5].
Stabilization of oncogenic proteins, suppression of apoptosis, inhibition of replicative
senescence, tumor angiogenesis, induction, invasion and stimulation of metastasis are
some of its roles in carcinogenesis [6]. Overexpression of HSP70 can help the tumor
cells to survive by inhibiting both intrinsic and extrinsic apoptotic pathways [7-9].
Bax, a member of the intrinsic apoptosis pathway and a pro-apoptotic Bcl-2 family,
can directly bind to HSP70, which inhibits the activation and translocation of Bax to
the mitochondria [10, 11]. The generation of the ROS molecule cytochrome c (cyt-c) is
also inhibited. HSP70 can also interact with the death receptors 4 and 5 of the extrinsic
apoptotic pathway, which prevents the production of death signaling complexes [12].
Additionally, HSP70 also interacts with apoptosis-inducing factor (AIF) to inhibit apop-
tosis by caspase-independent mechanisms [12, 13]. HSP70 as an anti-apoptotic protein
boosts cell survival in malignant cells [14]. Therefere, HSP70 is involved in regulating
caspase activity by blocking both intrinsic and extrinsic apoptotic pathways. The present
study hypothesizes that the stress protein HSP70 is released as a response to chemoradi-
ation in SiHa cells. To prove this, the measured HSP70 protein expressions in cisplatin
alone, radiation alone, and chemoradiation treated SiHa cells are compared to untreated
SiHa cells HSP70 level.

2 Materials and Methodology

The Ethics Approval for the study is granted by the Ethics Committee of Basavatarakam
Indo-American Cancer Hospital & Research Institute, Hyderabad, India. The cervical
squamous carcinoma SiHa (Human papillomavirus 16 positive) cell line is obtained
from the National Centre for Cell Science (NCCS) in Pune, India. The cell line is 100%
matched with the morphological features of the original phenotype of the American
Type Culture Collection Cells (ATCC) and no contamination is found. For cell culture,
the reagents are warmed in a water bath for about 20—30 minutes before the experiment.
The cells are then seeded by adding complete media in a labeled 75 cm? culture flask.
Complete media is prepared by adding 100ml of DMEM media, 10% of FBS and 1 ml
of antibiotic. After a gentle shake, the cells are cultivated at 37 °C in sterile humidified
ambient conditions with 5% CO,. The media is replaced every 24 h of incubation to
maintain nutritional levels for the developing cells. Upon 24 h of incubation, with the
visible nucleus the SiHa cells are grown as elongated spindle shaped adherent cells as
shown in Fig. 3 (a). The similar morphology of SiHa cells is observed by the other
research group [15].

After obtaining 80% of confluency, number of cells are seeded in 6 well plates
for the experiment as shown in Fig. 1. A 6 well plate with round well shape and the
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media level of 1 cm height in each well are suggested by the radiation physicist. Wells of
the 6 well plates are grouped into two categories with 3 wells each. Wells 1, 3, and 5 are
considered the radiation alone group, and the wells 2, 4, and 6 are labeled as cisplatin
with radiation (chemoradiation).

After 24 h, the SiHa cells in 2, 4, and 6 wells are induced with 17 uM of cisplatin
drug for chemoradiation experiment. All the experiments are carried out in triplicates
to avoid any chance of error. Before radiation, the cells in 6 well plates are observed
under a microscope to understand the cell conditions. After the cells are ready, the
cells are radiated using Elektra synergy linear accelerator in the radiation department
of Basavatarakam cancer hospital. The radiation type used in the study is X-rays with a
beam energy of 4MV and the technique is static. The dose rate is 25 MV/min. After the
plate has been properly adjusted on the table as illustrated in Fig. 2, the cells are exposed
to various dosages of radiation (2, 4, 6, and 8 Gy (Gy)). For 2, 4, 6, and 8 Gy, the total
MYV supplied to cells is 201 MV, 407 MV, 610 MV, and 813 MYV, respectively. The cells
are brought to the laboratory after they have been irradiation.

Serum starvation procedure is followed for HSP70 protein extraction. For serum
starvation the treated and untreated cells are starved in serum-free condition (i.e.., without
serum FBS) for 24 h. The HSP70 protein is measured after starvation using an enzyme-
linked immunosorbent assay (ELISA). In the present study, the ELISA kit is procured
from Cat#: ELH-HSP70-001, Ray Biotech Inc.

Fig. 1. SiHa cells seeded in 6 well plate

Fig. 2. Adjusting the 6-well plate on the radiation table
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The current work also focuses on determining the levels of HSPA1A gene expression
in SiHa cells. GAPDH (glyceraldehyde-3-phosphate dehydrogenase) is a housekeep-
ing/reference gene that serves as an endogenous check for continuous expression. The
HSPA1A gene expression in SiHa cervical cancer cells treated with different radiation
doses is examined using the qRT-PCR technique. The following steps are involved in
the investigation of gene expression: firstly, the RNA is isolated from the cells. Sec-
ondly, the acquired RNA is then transformed to cDNA (complementary DNA). Finally,
transformed cDNA serves as a template strand for qRT-PCR.

3 Results and Discussions

Pre-apoptotic morphological alterations, such as cell swelling and cell disruptions, are
observed in treated and untreated SiHa cells. The cells in all the wells are healthy with
no visible contamination. Prior to radiation, the cells in wells 1, 3, and 5 appeared to be
healthy, active in proliferation, and have ideal morphologic features as shown in Fig. 3
(a). They adhered effectively, mitotic divisions are seen, and the cells had identical
spindle and elongated shape. As shown in Fig. 3 (b) The cells in the wells 2, 4, and 6
treated with cisplatin are observed to have cell disruptions.

The polygonal shape is acquired by SiHa cells after being exposed to various radiation
doses (2, 6, and 8 Gy) as shown in Fig. 3 c, d, and e. Secondly, the swelling of cells is also
noted, which indicates that cellular damage has been initiated in the cells. When cisplatin
and radiation (2, 6, or 8 Gy) are administered to treat SiHa cells, there is a greater degree
of cell destruction and a greater proportion of round and polygonal-shaped cells. As seen
inFig. 31, g, and h certain cells have disturbed cell organelles. In cisplatin combined with
radiation treatment, more rounded cells are seen when compared with cisplatin alone
Fig. 3 (b). Microscopic images captured pre- and post-treatment are used to monitor
the morphological changes of the SiHa cells. An elongated spindle-like structure is
observed in the untreated SiHa cells. The SiHa cell morphology is also substantiated
by a few other studies [15-17]. When compared to untreated SiHa cells, 2, 6, and
8 Gy radiation-alone and chemoradiation-treated cells showed an irregular polygonal
structure. Cell swelling is seen in response to both therapies and is also consistent
with other research. Cellular swelling is the initial sign of any cellular damage [17].
Additionally, when compared to cisplatin alone, microscopic images of chemoradiation-
treated cells revealed a greater proportion of rounded and disrupted cells. It has been
further observed that at 8 Gy radiation combined with cisplatin resulted in more round
and disrupted cells. This indicated that cisplatin with 8 Gy radiation is providing effective
treatment. Similar results are reported by other research groups [15-22].

HSP70 expression in treated SiHa cells:

In the current work, the expression of HSP70 in SiHa cervical cells treated with
radiation alone (2, 4, 6, and 8 Gy) and cisplatin combined with radiation (2, 4, 6, and
8 Gy) is determined and compared with the untreated SiHa cell’s HSP70 value. Elisa is
used for estimating the HSP70 expression levels in the culture media. Previous studies
have shown the release of HSPs into the cultured media by the cells [23, 24].

Using the standard curve the HSP70 value is caluculated from the absorbance
obtained from ELISA method. Figure 4 shows the HSP70 in untreated and cisplatin
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alone (chemotherapy) treated cells. The Fig. 4 also shows the HSP70 expressed in SiHa
cells radiated at different doses (2, 6, and 8 Gy) and cisplatin combined with radiation
(2, 6, and 8 Gy). In untreated SiHa cells, HSP70 expression is 17.98 ng/ml. HSP70 levels
in 2, 6, and 8 Gy radiation-treated cells are 228, 255, and 308 ng/ml. HSP70 expression
in cells treated with cisplatin - alone is 207 ng/ml. HSP70 levels are 276, 320, and 328
ng/ml in cells treated with cisplatin and 2, 6, and 8 Gy radiation, respectively. In the
present study, a low expression of HSP70 is expressed by untreated SiHa cells. Low
amounts of protein release could be because of the microenvironmental stress experi-
enced by cancer cells, such as hypoxia and starvation. It is referred to as viable HSP70.
The viable HSP70 is also recorded in another research study [25].

When compared to untreated SiHa cells, post-chemoradiation HSP70 levels are ele-
vated. Other research teams have validated the findings demonstrating an increase in
post-treatment HSP70 expression when compared with untreated cancer cells N1 H3 T3
cells radiated with 3.81 Gy [26], ¢3H 10T Y2 cells [27], prostate cancer cell lines, and
also in xenografts [28]. Recent investigations have revealed that HSP70 expression is

(a) (b)
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Fig. 3. Morphological characteristics of SiHa cells (a) untreated SiHa cells, (b) SiHa cells treated
with cisplatin, (c, d, e) SiHa cells post-radiation at 2, 6, and 8 Gy, (f, g, h) SiHa cells post-
chemoradiation at 2, 6, and 8 Gy
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extremely low in normal cells but quite high in a variety of cancers [29, 30]. Accord-
ing to a study, radiation-induced cellular damage results in the induction of the HSP70
protein [31]. If HSP70 expression in the untreated SiHa cells is assumed to be a unit
(17.98 ng/ml), radiation alone-treated cells indicated a rise in the protein expression
approximaly 12, 14, and 17-fold at 2, 6, and 8 Gy, respectively.

In the present investigation, chemoradiated cells showed elevated levels of HSP70
expression than radiation-alone treated cells. Studies revealed that other cancer cell
lines treated with different chemotherapeutic drugs also exhibited a rise in the HSP70,
doxycycline-treated MCF-7 [32], HT-29 treated with 5-FU [33]. Cervical cancer treat-
ment combined with radiation and chemotherapy showed to improve the treatment
outcome [34]. Chemotherapy affects the cell cycle stages and promotes cell death by
increasing the cellular damage induced by radiation [35]. The cervical cancer patients
receiving chemotherapy and radiation therapy showed a reduction in the mortality rate
by 30-50%. Similarly, considering the HSP70 expression of untreated SiHa cells as a
unit upregulation of HSP70 is observed in chemoradiation treated cells approximately
15, 17, and 18-fold at 2, 6, and 8 Gy, respectively. Compared to the radiation-alone or
cisplatin-alone cells, the HSP70 levels post-chemoradiation are upregulated. The micro-
scopic visualizations supported the ELISA results. The HSP70 protein released during
chemoradiation is thereby found to be linearly proportional to the dosage radiations (2,
6, and 8 Gy), and the observations from the images also supported the data.

The increase in anti-apoptotic HSP70 protein expression can be closely correlated
with the triggering of the apoptotic pathway and the survival of malignant cells [36-38].
Further studies showed that SiHa cell survival is radiation dose dependent. SiHa cell
viability is significantly decreased as radiation doses from 2 to 8 Gy are increased [39].
Other cervical cancer cell lines HelLa, C33A, and CaSki also confirmed lower survival
at 2, 4, 6, and 8 Gy dose-dependent radiations [40, 41].

The reason for the upregulation of post-treatment HSP70 levels is explained in the fol-
lowing discussion. Radiation initiates apoptosis by inducing damage to the vital cellular
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Fig. 4. HSP70 levels of a) untreated SiHa cells and cisplatin alone treated SiHa cells (b) SiHa
treated at 2 Gy (c) SiHa cells treated at 6 Gy (d) SiHa cells treated at 8 Gy
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Fig. 5. HSPA1A gene Fold change in chemoradiated SiHa cells

organelles like DNA (i.e., single, and double-strand breaks) [42], endoplasmic reticu-
lum [43], mitochondria, ribosomes [28], lysosomes, plasma membrane. When radiation
causes cellular damage, reactive oxygen species are increased. Both in vitro and in vivo,
the generation of the ROS molecule cytochrome ¢ (cyt-c) and death receptors alter the
permeability of the mitochondrial membrane to trigger apoptosis [44]. HSP70 as an
anti-apoptotic protein inhibits the apoptotic pathway [45]. HSP70 inhibits cell death
at different points namely cytochrome c¢ and death receptors [46], pro-apoptotic Bcl-2
family [47], Bax [47], and caspases [48].

HSPA1A gene expression in treated SiHa cells:

For HSPA1A gene expression studies the ratio of absorbance at 260nm and 280nm
is between 2.0 and 2.2 for all the samples which indicates that the RNA extracted is
pure. The HSPA1A gene is perfectly amplified at 60 °C. The gene expression results are
studied as fold change. Initially, the fold value of untreated SiHa cells is standardized
as 1. The fold changes obtained at 2 Gy and 6 Gy radiation and chemoradiation are
shown in Fig. 5. In 2 Gy radiated cells HSPA1A gene is upregulated by 1-fold and
in chemoradiated cells, the fold change is 2. In 6 Gy radiated cells HSPATA gene is
upregulated by 2-fold and in chemoradiated cells, the HSPA1A gene is upregulated by
3-fold.

In the current work, in addition to the increase in HSP70 protein expression, a pro-
gressive rise in HSPA1A gene expression level with an increase in radiation dosage is
detected. In SiHa cells the HSP70 gene expression is upregulated by 3-fold in chemora-
diated cells when compared with the untreated SiHa cells. The other studies also showed
the upregulation of HSP70 gene expression post-radiation [4, 49, 50] which establishes
the present study results.

4 Conclusion

In this chapter, the expression of HSP70 is estimated in radiation alone, cisplatin alone,
and chemoradiation treated SiHa cells. According to the results, chemoradiation induces
cellular damage and activates the cytoprotective mechanism in cells as a response to the
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treatment. SiHa cervical cancer cells treated with chemoradiation showed overexpres-
sion of HSP70 compared to radiation alone and cisplatin alone. A dose dependent (ie.
2, 6, 8 Gy) increase of HSP70 is observed. The HSP70 protein levels and image obser-
vations supported the following hypothesis that chemoradiation triggers the release of
HSP70. The impact of radiation on the cellular damage is radiation dose-dependent, and
when compared to radiation alone, chemoradiation has a greater impact on the cell. The
overexpression of HSP70 might directly affect the clinical outcome of the patient. The
study findings might have significant future clinical relevance, in monitoring the clinical
outcome of chemoradiation or cancer prognosis in cervical cancer patients.
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