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Abstract

Heat shock proteins (HSPs) are a group of intracellular proteins that promote
proteins folding and unfolding under normal and/or stress conditions. In addition to
their intracellular location, HSPs are found on the plasma membranes of stressed,
but not normal, cells and in the extracellular milieu where they can trigger an
immune response. For instance, the inducible form of heat shock protein 70
(HSPA1A) was found to be overexpressed, intra or extracellularly, by many types of
stressed cells. In our study, we aim to investigate the levels of HSPALA in the serum
of untreated lung tumor patients and its expression in the tissues derived from lung
tumors and chronic obstructive pulmonary diseases (COPD) and healthy tissues.
Analyses of serum and tissue samples were performed by utilizing ELISA assay and
immunohistochemical staining, respectively. The results showed significant
differences in the mean levels of serum HSPALA of the patients (1.66+ 0.165) as
compared to healthy control (0.938+0.330). Significant differences were also found
between these levels in the serum of smoker and nonsmoker patients (2.006+0.342
and 1.353+ 0.067, respectively). The protein levels in the patient's serum were also
found to be 29.5% correlated to smoking history. No significant differences were
found in terms of gender and age within the two groups of patients and healthy
volunteers. Our results showed HSPA1A protein levels to be correlated to gender
(13.5%) and age in patients and healthy volunteers (14.8% and 0.4%, respectively).
In the tissues of the clinicopathological groups, HSPA1A was found to be
overexpressed in benign (IRS= 8.5) and malignant tumors (IRS= 8.9) in comparison
with both COPD (IRS= 4.4) and healthy tissues (IRS= 0.00). Our pilot results could
support the suggestion of HSPAL1A as a novel biomarker in lung tumors, as
proposed by previous studies.
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Introduction

Heat shock proteins (HSPs) are molecular chaperones with intracellular roles in proteins
folding during synthesis or upon cellular stress. They prevent the aggregation of, and
eliminate, incorrectly folded proteins [1]. Under stress conditions, such as high temperature,
infections, and inflammation, the levels of expression are further elevated [2].
In certain cancers, intracellular HSPs have also been shown to accumulate to a high level [3].
In addition to the intracellular chaperon function, HSPs are also known to play important
roles in cell pathophysiology as extracellular signaling ligands [4].

Heat shock protein 70 family (HSP70) includes the most conserved proteins in evolution,
which play different roles depending on their associated targets and localization (intra or
extracellularly) [5]. The inducible form of heat shock protein 70 (HSPA1A, Hsp70) is an
intracellular chaperone, promoting protein folding and mostly overexpressed in different
tumor types, such as lung, breast, brain, and colon cancer [6]. HSPA1A can be transported
via lipid vesicular transport to the plasma membrane of the tumor cells [7]. Membrane
Hsp70-positive tumors have been shown to actively release Hsp70 extracellularly in
exosomes [8, 9]. Extracellular Hsp70 comes from two main sources; the exosomal Hsp70,
which is released by viable membrane Hsp70-positive tumor cells, and free Hsp70, which
originates from lysed cells and is released into the tissue milieu [10]. By binding to
macrophage receptors, free Hsp70 is reported to elucidate inflammatory immune responses
[11]. Membrane-bound Hsp70 is a tumor-specific phenomenon since it is not expressed in
normal cells. It serves as a specific target for activated natural killer (NK) cells [12, 13]. On
the other hand, to promote anti-apoptotic activities, tumorigenicity, or the overall cancer cell
survival, a behave decided by specific signaling pathway [14, 15].

Lung cancer is one of the most common malignancies in the world. It lacks specific
symptoms, which limits the opportunities to diagnose it at early stages, while most patients
are diagnosed in advanced stages. Long-term early-stage tumor management and therapy may
be achieved through radical surgery and radiotherapy, while at advanced stages, the treatment
options are limited [16]. Recently, the immunotherapeutic approaches focus on the detection
of tumor-specific characteristics that may function as tumor-specific targets. However, several
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studies are still attempting to select the biomarkers with the potential of predicting treatment
response as well as to improve antitumor immune system response [17].

In this scope, several studies evaluated HSPA1A as a tumor-specific target and suggested it as
a new biomarker in hepatocellular carcinoma (HCC), lung, head, and neck cancer [18-20]. In
our study, we investigate the levels of HSPA1A protein in the serum of patients who yet to be
detected as lung tumors patients and have not taken any type of therapy, and compared it with
the serum of healthy volunteers as control. Also, we investigate HSPA1A expression in lung
tissues of these patients and compare it with healthy and chronic obstructive pulmonary
diseases (COPD) derived tissues.

Methods

Patients and healthy volunteers enrolled in this study

A total of 30 patients with lung tumors, 21 males and 9 females at ages from 15 to 80 years,
were enrolled in our clinical study. From each patient, a lung biopsy and blood specimen were
taken. A total of 20 healthy volunteers, 8 males and 12 females with age ranged from 14 to
43 years, participated in this study. Patients with chronic obstructive pulmonary diseases
(COPD) and underwent lung surgery were 6 males and 1 female, ages ranged from 17 to 47
years. From each patient, a lung biopsy was taken for further analysis by
immunohistochemistry (IHC).

The exclusion criteria included patients who were suffering from chronic diseases other than
pulmonary one, liver diseases, kidney failure, and heart diseases. All patients enrolled in our
study have never been submitted to any radio or chemotherapy before or recorded as
glucocorticoid-drugs users. All patients were informed and consent was obtained before the
start of the study.

Serum samples

Blood samples were collected into gel- tubes. After collection, samples were left to clot for 30
minutes at room temperature. Then, samples were centrifuged at 2,000 rpm for 20 minutes.
Serum samples were stored at -20 °C for further analysis.

Lung biopsy samples

Lung biopsies were collected from lung-tumor patients (n=30), COPD patients (n=7; six
males and one female; ages ranged from 17 to 47 years), and healthy lung tissues (n=2). Each
lung biopsy was collected under a sterilized condition and fixed with formalin for further
examination by immunohistochemistry staining.

Biochemical analysis

The concentration of HSPA1A was measured by quantitative sandwich enzyme-linked
immunosorbent assay (ELISA) using Human HSPA1A ELISA Kit (SL3006HuU SunlLong
Biotech Co.), which is used to evaluate the levels of HSPA1A protein in any human
biological fluid including serum. Before analysis, both serum samples and kit components
were warmed at room temperature. Standards or samples were diluted each with its special
diluent, added to the appropriate microelisa stripplate which was initially coated with human
anti-HSPALA, and incubated for 30 min at 37°C, then washed for 5 times with washing
buffer. Horseradish peroxidase (HRP)-conjugated antibody specific for HSPA1A was added
to the wells, which were sealed with a closure plate membrane and incubated for 30 min at
37°C. Free components were discarded. The TMB substrates (H,O, and TMB) solution was
added to wells, which were then incubated for 15 minutes at 37 °C. The final step of the
reaction was accomplished by the addition of the stop solution. The color of wells that hold
HSPA1A and HRP-conjugated HSPA1A antibody only changed from blue to yellow. The
optical density (OD) was measured spectrophotometrically at a wavelength of 450 nm.
HSPALA concentration in the unknown samples was evaluated proportionally by comparing
the OD of the samples to the standard curve.
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Immunohistochemical staining

Immunohistochemical staining was achieved on formalin- fixed, paraffin-embedded
specimens. Following the routine staining procedure and recommendations provided by Kits
manufacturers, lung tissues were dewaxed and hydrated with three changes of xylene and a
series of graded alcohols to water, heated in a microwave for 30 min in retrieval solution, then
washed for 5 min in H20. Specimens were washed twice with TPBS buffer and incubated
with H,O, for 5-10 minutes to block peroxidase enzyme activity. Specimens were then
incubated with diluted rabbit primary antibody (CSB-PA556911,Cusabio Technology,
China), followed by incubation with the HRP-labeled polymer (PathnSitu, USA) for 30
minutes. Staining was completed by 15 minutes incubation with 3,3-diaminobenzidine (DAB)
substrate-chromogen (PathnSitu OSHO001) which resulted in a brown-colored precipitate at
the antigen site.

Intensity of staining was classified from 0 to 3, where 0 (-) is negative, 1 (+) is low or weak,
2 (++) is moderate, and 3 (+++) is high or strong. The extent of staining, referred to as the
percentage of positive cells relative to the whole tumors, was classified into five grades: 0
(0%), 1 (1-25%), 2 (26-50%), 3 (51-75%), and 4 (76-100%). The overall staining
interpretation is given as immunoreactive score (IRS), which was estimated through the
formula:

IRS = percentage score X intensity score (ranged from 0-12)

IRS was adopted to compare the expression of protein among different clinicopathologic
groups and/or control.

Statistical analysis

Data analysis was performed by using Statistical Package for the Social Sciences (SPSS)
version 21. All variables are presented as mean * standard error of the mean (SEM). The
association between dependent and independent variables is presented as a percentage,
calculated in relation to Eta values. One way analysis of variance (ANOVA) analysis was
used for comparison between groups. Two-tailed p-value <0.05 was considered as statistically
significant.

Results

Heat shock protein 70 levels in serum

A total of 30 patients with lung tumors at different ages were enrolled in our clinical study.
From each patient, a blood specimen was taken. A total of 20 healthy volunteers participated
in this experiment, whose blood samples were used as control. According to ELISA test
results, patients with lung tumors had a significant higher mean level of serum HSPA1A
(1.66+ 0.165) compared with healthy control (0.938+0.330) at p-value < 0.001, as shown in
Figure 1. Significant differences were also found in the mean values of the protein
concentrations in the serum of smoker and nonsmoker patients (2.006+0.342 and 1.353%
0.067, respectively; Figure 2). The protein levels in the patient's serum were also found to be
29.5% correlated to smoking history. The results also revealed no significant differences in
the mean of protein levels in terms of gender (Figure 3-A) and age (Figure 3-B) within the
two groups of patients and healthy volunteers. Our results also showed that HSPAL1A protein
levels are correlated to gender (13.5%) and age in patients and healthy volunteers (14.8%, and
0.4%, respectively).
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Figure 1-Heat shock protein 70 (HSPA1A) mean concentration (ng/ml) in serum of healthy
control and lung tumor patients, P-value < 0.001.
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Figure 2- The mean concentration (ng/ml) of heat shock protein 70 (HSPA1A) in serum of
smoker and non-smoker lung tumor patients. P-value < 0.049.
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Figure 3-The mean concentration (ng/ml) of HSPA1A in serum of lung tumor patients
according to: A: gender P-value 0.352. B: ages; P-value 0.824.
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Immunohistochemical staining of lung tissues

Immunohistochemical staining was achieved on formalin-fixed, paraffin-embedded
specimens. The overall staining interpretation is given as immunoreactive score (IRS) and is
adopted to compare the expression of protein among different clinicopathologic groups and
control. The results show that protein expression increased significantly in malignant tissues
(8.9£.0.66), benign tissues (8.464+0.89), and COPD- derived tissues (4.4+0.61) compared
with healthy tissue (0.00+0.00) at p-value < 0.008, as shown in Figure 4. Data analysis
revealed that IRS score is correlated to clinicopathologic phenotypes as follows: 585% in
malignant tumors, 662% in benign tumors, and 214% in COPD patients.
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Figure 4-The expression of HSPA1A protein in lung tissues. Comparisons are made
depending on the means of overall immunoractive score (IRS) in lung tissues derived from
malignant and benign tumors patients, COPD patients, and control. P-value 0.008.

Data analysis also shows, when comparing protein expression within clinicopathological
groups, a significant difference in the expression of HSPALA in COPD tissues as compared to
malignant (p-value 0.001) and benign tissues (p-value 0.004). In addition, no differences were
observed between the expression in malignant and benign tumors (p-value 0.657), as
illustrated in Table 1.
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Table 1-A comparison of HSPALA protein expression within clinicopathological groups.
Different superscript letters indicate significant differences between means listed in the same
column.

95% Confidence Interval

(I) Treatment (J) Treatment Mean + S.E Sig.
Lower Bound | Upper Bound
Patient with Benign 0.4627"+1.0343 0.657 -1.639 2.565
Patient with Malignant

Patient with COPD 4.5406%+ 1.2070 0.001 2.088 6.993
Patient with Malignant | 0.4627"+1.0343 0.657 -2.565 1.639

Patient with Benign
Patient with COPD 4.0779%+1.3199 0.004 1.396 6.760
Patient with Malignant | 4.5406°£1.2070 0.001 -6.993 -2.088

Patient with COPD
Patient with Benign 4.07795+1.3199 0.004 -6.760 -1.396

Discussion

Intracellular heat shock protein 70 (Hsp70), apart from its chaperone activity, plays a key role
in cell proliferation and differentiation, by interfering with apoptosis and tumorigenesis [21].
In our study, we investigated the levels of HSPA1A in the serum of lung-tumor patients and
healthy volunteers. The results showed that patients with lung tumors have significantly
higher means of serum HSPALA levels (1.66 + 0.165) than healthy control (0.938+0.330). A
significant difference was also found in the means of protein concentrations in the serum of
smoker and nonsmoker patients (2.006+0.342 and 1.353+ 0.067, respectively. Results also
revealed that there is no significant difference in means of protein levels in terms of gender
within two groups of patients and healthy volunteers. Comparing protein expression between
groups through IRS revealed a significant difference between COPD tissues as compared to
malignant (p- value 0.001) and benign tissues (p-value 0.004).

Our findings come in line with Gunther et al, 2015, who reported that squamous cell and
adeno non-small cell lung cancer patients (NSCLC) had higher serum Hsp70 levels than
healthy individuals [19]. NSCLC patients were also reported to have higher levels of Hsp70
in the blood than COPD patients [22]. Hsp70 was shown to be induced in smokers lung,
which was suggested to be a host response against the induced damage [23]. Previous work
demonstrated such differences in Hsp70 serum levels in patients with inflammatory liver
diseases and tumors, such as chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma
[18].

Previous studies also showed that Hsp70 membrane-positive tumors actively secrete Hsp70
into the extracellular microenvironment of cells, proposing its potential importance as a
blood-derived biomarker [20, 22]. In patients with head and neck squamous cell carcinoma, a
high expression of membranous Hsp70 on viable tumor cells was found to be associated with
increased levels of circulated Hsp70 [24]. Furthermore, the elevated levels of HSPALA were
found to be related to disease levels in rheumatoid arthritis patients, suggesting it as a
diagnostic tool of arthritis and for monitoring disease progress [25]. Our results disagree with

3504



Lateef et al. Iragi Journal of Science, 2021, Vol. 62, No. 10, pp: 3497- 3506

those of Tang et al study [26] that reported a decrease in HSPAL1A protein levels in lung

cancer patients. However, the same study demonstrated HSPA1A as a novel biomarker to

predict early stage lung cancer.

The elevated levels of HSPA1A protein in serum of lung tumor patients enrolled in our study,

who never underwent any therapeutic strategy, might reflect aggressive tumor type. Another

source of this protein in serum is the dying tumor cells. This, in turn, will act as an
immunostimulator that induces the cytolytic activity of natural killer cells (NK), specifically
against HSPA1A-positive tumor cells, as demonstrated by a previous study [27]. On the other
hand, the expression of this protein, intracellularly or on the surface of tumor cells, could
protect tumor cells by interfering with pro-apoptotic pathways [28].
Conclusions
Increased HSPA1A levels in lung tumor patient's serum were found, combined with

differential expression in different clinicopathological tissues. These findings could support a

role for Hsp70 as a potential tumor-specific biomarker that can distinguish lung inflammatory

and tumor diseases. However, further researches are required to evaluate the exact role of
circulating HSPALA in the diagnosis and further prognosis of lung tumor.
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