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Abstract
We examined heat shock protein 70 (HSP70) in 155 cases in Egyptian patients with breast cancer. HSP70 was
expressed in both serum (98.3%) and tumor tissue (90%) of cancer cases. A strong positive correlation was
found between HSP70 immunohistochemistry and enzyme-linked immunosorbent assay. HSP70 can serve as a
breast cancer biomarker for early screening, diagnosis, and follow-up.
Background: Heat shock protein 70 (HSP70) is a significant cellular stress response protein that has intrinsic and
extrinsic pathways to protect cells against apoptosis. It is one of the most induced proteins in cancer cells. The aim of
the present study is to investigate the significant role of the HSP70 expression in Egyptian patients with breast cancer
(BC) and its potential to be as a diagnostic and prognostic marker. Materials and Methods: HSP70 was examined in
155 cases in this prospective study; patients were subdivided into 3 groups: 60 patients with malignant metastatic
disease, 60 patients with malignant non-metastatic disease, and 35 patients with benign lesions as control. HSP70
expression was detected using enzyme-linked immunosorbent assay (ELISA) and immunohistochemistry (IHC). Re-
sults:Most cases of breast cancer expressed HSP70 in both serum (98.3%) and tumor tissue (90%). A strong positive
correlation was found between HSP70 IHC and ELISA (r ¼ 0.811). The mean HSP70 levels, as detected in both
patients’ serum by ELISA and tumor tissue by IHC, was significantly higher in patients with BC than in benign cases
(P ¼ .001). HSP70 was significantly higher in patients with metastatic BC than in those with non-metastatic BC (P ¼
.001). HSP70 showed positive correlation with tumor size (pT stage) and number of lymph node metastases (P � .001).
Conclusion: HSP70 is over-expressed in patients with metastatic and non-metastatic BC than in benign cases. A high
level of HSP70 either in patient’s serum or in tumor tissue correlated significantly with advanced disease in patients
with BC. This present study suggests that HSP70 can serve as a BC biomarker for early screening, diagnosis, and
follow-up.
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Introduction
Breast cancer (BC) is the most common cancer in women

worldwide and is the second leading cause of cancer-related death in
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women. In 2018, around 2.1 million women were newly diagnosed
around the world.1 The International Agency for Research on
Cancer has estimated that the annual number of cases and deaths in
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Figure 1 Heat Shock Protein 70 (HSP70) Immunohistochemistry (IHC) Analysis in Different Breast Tumors. A and B, Strong Positive
HSP70 Expression in Nearly 100% of Tumor Cells of Invasive Ductal Carcinoma (IDC) (>4 Score), Whereas Negative/Weak in
the Normal Breast Lobules and Ducts (Red Arrows) (Magnification, 1003). C, Moderate Positive Reaction in IDC Cells as Well
as the Included Ductal Carcinoma in Situ Component (Red Arrow), > 4 Score (Magnification, 1003). D, Moderate Positive
Reaction in IDC Cells (Magnification, 2003). E and F, Moderate to Weak Positive Reaction in an Example of Mucinous
Carcinoma, > 4 Score (Magnification, 2003). G and H, Negative Expression in IDC, HSP70 Score £ 4 (Magnification, 2003).
J, Negative HSP70 in an Example of Benign Breast Tumor (Benign Phyllodes Tumor). K, Higher Magnification Showing
Negative HSP70 in Both Epithelium and Stromal Cells of Benign Phyllodes Tumor (Magnification, 2003)
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the Eastern Mediterranean region will be about 169,100 and
74,200, respectively, by 2030.2 In Egypt, it is estimated that the
incidence of BC will rise to 22,320 in 2020 (from 18,660 in
2012).3

In the past, diagnosis of BC was totally dependent on the results
of pathologic and radiologic findings. Biomarkers have been intro-
duced in the diagnostic and prognostic steps of BC, yielding better
and more suitable treatment courses for the patients. The first 2
biomarkers introduced were the human epidermal growth factor
receptor 2 (HER2) and alpha-estrogen receptor (ER), which proved
very successful.4 Therefore, scientists have since been investigating
other relevant biomarkers that might enhance the prognosis, diag-
nosis, and identification of a novel therapeutic target of BC.5
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Heat shock proteins (HSPs) belong to a highly conserved protein
family that serve as molecular chaperones under stress containing
carcinogenesis.6,7 It has been shown that HSPs create a network that
helps cells withstand stress conditions.8

HSPs have been overexpressed in a wide variety of human tu-
mors, including lung, gastric, prostate, endometrial, colon, ovarian,
and BCs.6,9,10 HSP overexpression has been demonstrated to be
involved in cancer invasion, proliferation, metastasis, differentiation,
and anti-apoptotic activity.9,11

HSPs have been classified as chaperones, including DNAJ
(HSP40), HSPH (HSP110) HSPB (small heat shock proteins,
sHSP), HSPCC (HSP90), and HSPA (HSP70).12 The Human
HSP70 family is composed of 8 different members; some have



Figure 1 continued
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tissue-specific expression and organelle-specific localization, but in
general, several members overlap functions in the cell.13-15

HSP70 usually works with co-chaperones to form molecular
protein machines.16-18 HSP70 overexpression is a marker of non-
esmall-cell lung cancer, cholangiocarcinoma, colorectal cancer,
early hepatocellular cancer, and prostate cancer.19-23 In addition,
over-expression of HSP70 was shown as a marker for advanced
disease in BC.24

In this study, we aimed to investigate the crucial role of HSP70
(HSP70A1A) in Egyptian women with breast cancer and to inves-
tigate its potential usefulness as a diagnostic and prognostic marker.

Patients and Methods
Ethics Statement

This prospective studywas conducted at the BaheyaCentre for Early
Detection and Treatment of Breast Cancer, Egypt. The study design
has been approved by the Ethical Committee of Baheya Research
Center in accordance with the ethical standards of the Declaration of
Helsinki. In addition, written informed consent was obtained from
each participant prior to the enrollment in the study.

Study Design and Sample Collection
In the present study, we determined the expression of HSP70

using enzyme-linked immunosorbent assay (ELISA) in patients’
blood and immunohistochemistry (IHC) on patients’ tumor tissues.

All legible patients’ tumor tissues (benign and malignant) and
their matched blood samples were collected consequently between
March 2019 and February 2020. Cases were categorized into 3
groups: patients with BC who initially presented with a distant
metastasis (metastatic BC, 60 cases), patients with malignant non-
metastatic BC (60 cases), and benign cases (35 cases, including
fibroadenoma [24 cases], benign phyllodes tumor [6 cases], and
papilloma [5 cases]). All histopathologic data were reviewed and
confirmed by a senior pathologist.

Histopathologic diagnosis and tumor grading were carried out
based on morphologic examination of the tumor tissues according
to the World Health Organization classification of breast tumors,
fifth edition (2019). Pathologic stage was determined by examining
the excised specimens. It is based on the tumor-node-metastasis
(TNM) classification of the American Joint Committee on Can-
cer, seventh edition.25

All patients have been subjected to full history, clinical examination,
and metastatic workup, including chest radiograph, abdominal sonar,
and bone scan. Biopsy for histopathologic diagnosis and to perform
hormonal receptors (ER, progesterone receptor [PR], and HER2 by
Ventana Bench Mark XT Autostainer) was done for every patient.

Data of ER, PR, and HER2 were all reviewed by a senior
pathologist and reported according to the recently updated Amer-
ican Society of Clinical Oncology/College of American Pathologists
2018 guidelines. Accordingly, for determining ER and PR positiv-
ity, samples with 1% to 100% of tumor nuclei positive for ER or
PR are interpreted as positive.26 Tumors were considered HER2-
positive (HER2þ) if scored 3 þ by IHC staining (strong and
complete circumferential membrane staining in > 10 % of tumor
cells). When HER2 by IHC staining scored 2þ (equivocal),
determination of HER2 status was based on in situ hybridization.
Based on the update of the American Society of Clinical Oncology/
College of American Pathologists 2018 guidelines for invasive breast
Clinical Breast Cancer June 2021 - e179



Table 1 Comparison of Clinicopathologic Features in Patients With Breast Cancer and in Controls

Benign (n [ 35), n
Malignant Non- metastatic

(n [ 60), n
Malignant

Metastatic (n [ 60), n P Value

Mean age, y (�SD) 41.65 � 13.24 52 � 12.43 60.5 � 12.87 <.001

Mean BMI, kg/m2 (�SD) 32.64 � 4.12 32.5 � 7.58 33.61 � 8.16 .98

Diabetes .13

Negative 28 44 37

Positive 7 16 23

Hypertension .54

Negative 22 31 35

Positive 13 29 25

Menopausal status <.001

Pre 16 12 6

Peri 9 12 7

Post 10 36 47

Tumor size, cm (range) NA 3.81 � 2.43 (0.4-9) 7.37 � 2.83 (3-15) <.001

ER .015

Negative NA 8 1

Positive NA 52 59

PR .06

Negative NA 9 3

Positive NA 51 57

HER2 .82

Negative NA 51 58

Positive NA 9 2

T stage <.001

T1 NA 21 e

T2 NA 21 e

T3 NA 18 60

N stage <.001

N0 NA 28 e

N1 NA 10 14

N2 NA 8 21

N3 NA 14 25

Mean HSP70 by IHC � SD (range) 1.37 � 0.77 (1-4) 7.43 � 2.9 (2-12) 9.83 � 1.6 (6-12) .001

Mean HSP70 by ELISA � SD (range) 3.97 � 2.08 (1.2-8.7) 14.77 � 3.49 (8.5-23.7) 31.5 � 6.72 (19.8-41.9) .001

Abbreviations: BMI ¼ Body mass index; ELISA ¼ enzyme-linked immunosorbent assay; ER ¼ estrogen receptor; HER2 ¼ human epidermal growth factor receptor; HSP70 ¼ heat shock protein 70;
IHC ¼ immunohistochemistry; PR ¼ progesterone receptor; SD ¼ standard deviation.
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cancer,27 the amplification status of the dual-probe assay is defined
as “amplified” if the HER2/chromosome 17 ratio � 2.0 and the
average HER2 gene copy number is � 4.0.

Methods
Enzyme-linked Immunosorbent Assay (ELISA)

Blood samples of patients were drawn before initiating chemo
(radio) therapy and/or surgical resection of tumor. Blood samples
were collected in blood collection tubes and centrifuged at 4000 g
(10 minutes) to remove the serum. Serum samples were kept
at �80�C until the analysis of HSP70 levels.

Serum HSP70 was assessed using an HSP70 kit (Cat no: 11353)
purchased from Glory Science Co, Ltd (BMASSAY, Beijing, China)
following the manufacturer’s instructions. Their levels were
- Clinical Breast Cancer June 2021
expressed as ng/mL. The detection and quantification limits were
set at 0.5 ng/mL to 40 ng/mL. The ELISA kit did not have cross
reactivity with any of the cytokines. The intra-assay coefficient
variation of HSP70 was 8.2%.

Immunohistochemistry (IHC)
Immunostaining to detect HSP70 protein was performed on

paraffin-embedded blocks of 155 tissues samples, collected from the
Department of Pathology at Baheya Centre, Cairo.

The tissue samples were cut into 4-mm thick sections, and placed
on positively charged coated slides using the rotary microtome
(LEICA RM 2255) and prepared for immunostaining.

Primary rabbit monoclonal antibody is used for targeting proteins
HSP70 (HSP70A1A, E-AB-22005) at a dilution of 1:50.



Table 2 Comparison of Clinicopathologic Features and Serum
HSP70 Level by ELISA

n/N
Mean ELISA

Score
Standard
Deviation

P
Value

Presentation

Benign 1/35 3.97 2.08 <.001

Malignant 58/60 14.77 3.49

Metastatic 60/60 31.5 5.4

Menopausal status

Pre 21/44 12.06 10.5 <.001

Peri 30/38 17.64 11.58

Post 68/73 23.3 10.53

BMI, kg/m2

Normal �24.9 11/13 8.3 2.65 .207

Overweight
25.0-29.9

33/42 6.71 3.84

Obese �30 75/100 7.75 3.65

Hypertension

Negative 66/88 18.6214 12.41 .991

Positive 53/67 18.6000 10.79

Diabetic

Negative 80/109 17.1943 11.33 .02

Positive 39/46 21.9717 12.01

ER

Negative 9/9 17.50 6.71 .065

Positive 109/111 21.31 9.82

PR

Negative 12/12 20.15 9.87 .192

Positive 106/108 23.18 9.71

HER2

Negative 107/109 23.24 9.88 .307

Positive 11/11 19.23 7.47

Triple negative

Positive 5 19.46 8.44 .424

Negative 115 23.03 9.79

BC histotypes

ILC 16/16 28.75 8.73 .072

IDC 82/84 22.52 11.26

ICC 9/9 19.78 8.75

MC 5/5 20 8.8

IMC 2/2 30 5.46

DCIS 2/2 15.15 5.16

Myoepithelial
carcinoma

1/1 15 N/A

Mixed IDC & ILC 1/1 18.2 N/A

pT stagea

T1 19/21 13.0 2.6 <.001

T2 21/21 15.8 3.99

T3 18/18 15.65 3.04

T4 60/60 31.5 6.78

Table 2 Continued

n/N
Mean ELISA

Score
Standard
Deviation

P
Value

pT stage

Early stage
(T1, T2)

40/42 14.4 3.64 <.001

Late stage
(T3, T4)

78/78 27.8 8.88

pN stageb

N0 26/28 13.68 3.30 .682

N1 24/24 24.63 9.25

N2 29/29 26.72 8.77

N3 39/39 26.22 9.05

pN stage

N0, N1 50/52 18.7 8.64 <.001

N2, N3 68/68 26.43 9.36

Tumor grade

1 17/18 20.89 10.1 <.001

2 82/83 24.32 9.92

3 19/19 19.57 7.45

Abbreviations: BMI ¼ Body mass index; DCIS ¼ ductal carcinoma in situ; ELISA ¼ enzyme-
linked immunosorbent assay; ER ¼ estrogen receptor; HER2 ¼ human epidermal growth
factor receptor 2 HSP70 ¼ heat shock protein 70; ICC ¼ invasive cribriform carcinoma; IDC ¼
invasive ductal carcinoma; ILC ¼ invasive lobular carcinoma; MC ¼ mucinous carcinoma;
Mixed IDC & ILC ¼ mixed invasive ductal and lobular carcinoma; PR ¼ progesterone receptor.
apT ¼ Pathologic tumor stage (T1 ¼ tumor size < 2 cm in greatest dimension; T2 ¼ tumor
more than 2 cm but less than 5 cm; T3 ¼ tumor > 5 cm in greatest dimension; T4 ¼ tumor of
any size with direct extension to chest wall, and/or skin ulceration/skin nodules).
bpN ¼ Pathologic nodal stage (N0 ¼ l lymph node metastasis; N1 ¼ metastasis in 1-3 lymph
nodes; N2 ¼ metastasis in 4-9 lymph nodes; N3 ¼ metastasis in 10 or more lymph nodes �
internal mammary lymph nodes).
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Immunostaining was performed using BenchMark XT (Ventana
Bench Mark XT Autostainer) autostainer according to the manu-
facturer’s protocol. Tissue sections from metastatic malignant tissue
proved to express HSP70 strongly was included on each slide as an
external positive control. Phosphate buffered saline was applied on
tumor tissue instead of primary antibody as a negative control on
each immunostaining run.

HSP70 Immunostaining Analysis and Scoring
Immune reactivity for HSP70 was assessed for both intensity and

percentage. Whole tissue sections were examined under the light
microscope for HSP70 expression. A semi-quantitative evaluation of
HSP70 expression was determined according to the previously
described method in the literature.28,29

Accordingly, intensity of the performed immunostaining was divided
into 4 grades (intensity scores): as 0 (negative, no staining), 1 (weak, light
brown), 2 (moderate, brown), and 3 (strong, dark brown). The positive
percentage was divided into 4 grades (HSP70 score): 1 (1%-25%), 2
(26%-50%), 3 (51%-75%), and 4 (76%-100%). Staining positivity was
performed by the formula: HSP70 overall scores ¼ HSP70 score �
intensity score. This would give amaximum score of 12 and aminimum
score of 0 Representative examples of HSP70 immunostaining with
different expression level are illustrated in Figure 1.
Clinical Breast Cancer June 2021 - e181



Table 3 Comparison of Clinicopathologic Features and Score
of HSP70 Expression by IHC

n/N
Mean HSP70

Score
Standard
Deviation

P
Value

Presentation

Benign 0/35 1.37 0.77 <.001

Malignant 51/60 7.43 2.91

Metastatic 60/60 9.833 1.61

Menopausal status

Pre 17/44 4.84 4.28 <.001

Peri 28/38 6.92 3.85

Post 66/73 8.37 2.91

BMI, kg/m2

Normal �24.9 11/13 22.94 11.38 .267

Overweight
25.0-29.9

29/42 18.42 11.11

Obese �30 71/100 19.88 11.02

Hypertension

Negative 62/88 7.06 4 .839

Positive 49/67 6.94 3.68

Diabetic

Negative 75/109 6.67 3.93 .097

Positive 36/46 7.80 3.6

ER

Negative 9/9 8.67 2.78 .992

Positive 102/111 8.72 2.64

PR

Negative 12/12 9 2.21 .639

Positive 99/108 8.68 2.69

HER2

Negative 101/109 8.62 2.62 .235

Positive 10/11 9.63 2.73

Triple negative

Positive 5/5 8.4 2.50 .825

Negative 106/115 8.66 2.66

BC histotypes

ILC 15/16 9.62 2.35 .185

IDC 77/84 8.63 3.57

ICC 8/9 7.4 3.77

Micropapillary
carcinoma

5/5 7.4 1.9

MC 2/2 12 NA

DCIS 2/2 9 2.8

Myoepithelial
carcinoma

1/1 6 NA

Mixed IDC & ILC 1/1 6 NA

pT stagea

T1 15/21 5.8 2.4 <.001

T2 21/21 8 2.5

T3 15/18 8.67 3.16

T4 60/60 9.88 1.61

Table 3 Continued

n/N
Mean HSP70

Score
Standard
Deviation

P
Value

pT stage

Early stage
(T1, T2)

36/42 7.08 2.66 <.001

Late stage
(T3, T4)

75/78 9.28 2.1

pN stageb

N0 25/28 6.5 2.23 <.001

N1 21/24 8.2 2.62

N2 29/29 9.68 1.93

N3 36/39 9.69 2.48

pN stage

N0, N1 46/52 7.27 2.53 <.001

N2, N3 65/68 9.69 2.24

Tumor grade

1 15/18 7.7 2.44 .135

2 80/83 8.76 2.47

3 16/19 9 3.32

Abbreviations: BMI ¼ Body mass index; DCIS ¼ ductal carcinoma in situ; ER ¼ estrogen
receptor; HER2 ¼ human epidermal growth factor receptor 2 HSP70 ¼ heat shock protein 70;
ICC ¼ invasive cribriform carcinoma; IDC ¼ invasive ductal carcinoma; IHC ¼ immonohis-
tochemistry; ILC ¼ invasive lobular carcinoma; MC ¼ mucinous carcinoma; Mixed IDC & ILC ¼
mixed invasive ductal and lobular carcinoma; PR ¼ progesterone receptor.
apT ¼ Pathologic tumor stage (T1 ¼ tumor size < 2 cm in greatest dimension; T2 ¼ tumor
more than 2 cm but less than 5 cm; T3 ¼ tumor > 5 cm in greatest dimension; T4 ¼ tumor of
any size with direct extension to chest wall, and/or skin ulceration/skin nodules).
bpN ¼ Pathologic nodal stage (N0 ¼ l lymph node metastasis; N1 ¼ metastasis in 1-3 lymph
nodes; N2 ¼ metastasis in 4-9 lymph nodes; N3 ¼ metastasis in 10 or more lymph nodes �
internal mammary lymph nodes).
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The cutoff score was 4, based on the receiver operating charac-
teristic (ROC) curve. Cases with a score of > 4 were considered
high (positive) expression of HSP70, whereas those with scores � 4
were considered low (negative).

Statistical Analysis
All data was converted and processed by using SPSS software

program version 18.0. Data was analyzed; mean and standard
deviation was calculated for quantitative data, whereas qualitative
data was presented by numbers and percentages. The quantitative
variables were compared by the Mann-Whitney U test, and
Kruskal Wallis tests were applied for non-parametric data. The c2

was calculated among the studied groups regarding qualitative
data. Multivariate analysis was done for variables that were sta-
tistically significant on univariate level to indicate independent
predictive factors and to obviate the effect of confounders using a
logistic regression model. The ROC curve was done to estimate
the best cutoff point then for calculation of sensitivity and spec-
ificity with their 95% confidence intervals. The difference be-
tween groups were considered statistically significant when the P
value was < .05. Graphs represent comparisons among studied
groups.
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Results
A total of 120 women with BC and 35 women with benign

breast lesions (control group) were included in this study. The mean
age of the studied cases was 53.1 years (range, 21-84 years). Patients
were divided into subgroups according to the presence or absence of
metastasis; body mass index; histologic grade of cancer; histopath-
ologic subtypes; positive and/or negative results for ER, PR, and
HER2; menopausal status; and existence of comorbidities. Multiple
comparisons were performed to determine whether there was any
difference in serum or tumor tissue HSP70 levels among subgroups
(Tables 1-3).

Identification of HSP70 in Patients’ Serum by ELISA
The mean HSP70 ELISA levels of patients with benign, malig-

nant non-metastatic, and malignant metastatic disease were 3.97 �
2.08 ng/mL (range, 1.2-8.7 ng/mL), 14.78 � 3.49 ng/mL (range,
8.5-23.7 ng/mL), and 30.98 � 6.72 ng/mL (range, 19.8-41.9 ng/
mL), respectively (P < .001). Most (98%; 118/120) malignant
cases expressed high serum HSP70 (Figure 2B).

In this study, a positive significant correlation was found between
the increase in tumor stage (pathologic T stage) with high HSP70
serum level (P � .001) (Table 2).

Regarding lymph nodal metastatic status, the mean serum
HSP70 levels showed a significant correlation with the number of
lymph node metastases (P � .001); in lymph node-negative cases
(N0), the mean HSP70 score was 3.3, whereas it was 8.2 in N1,
9.68 in N2, and 9.69 in N3 (Table 2).
Figure 2 HSP70 Results and Distribution of Patients With Benign, M

Abbreviations: ELISA ¼ Enzyme-linked immunosorbent assay; HSP70 ¼ heat shock protein 70; IHC
In both univariate and multivariate analysis, postmenopausal
patients experienced a significant higher serum HSP70 levels than
pre- and perimenopausal patients, with mean ELISA levels of 12.06,
17.64, and 23.3, respectively (P < .001).

Among patients with malignant BC, multivariate analysis
revealed that high serum HSP70 is an independent prognostic factor
for increased pN stage and increased tumor size > 5.4 cm (P ¼ .02
and P ¼ .001 respectively) (Table 6). However, age > 50 years
appeared to be the only independent prognostic factor for patients
with malignant disease as compared with those with benign disease
(Table 4).

We could not find a correlation between serum HSP70 levels and
hypertension, ER/PR, HER2/neu status, body mass index, or his-
topathologic subtypes (Table 2).

Expression of HSP70 in Breast Tumor Tissues by IHC
Detection of HSP70 protein in tumor tissue was determined by

IHC. It is expressed mainly in the cytoplasm/nuclei of tumor cells,
with less/no expression in the surrounded normal breast tissue.
HSP70 was positive (>4 score) in 90% (111/120) of total breast
cancer tissue, including both in situ and invasive carcinoma
(Table 3).

Metastatic malignant tumors showed a significantly higher
HSP70 expression than those with malignant non-metastatic dis-
ease. Additionally, the expression of HSP70 in benign cases was
significantly lower than in patients with malignant disease (either
metastatic or non-metastatic disease; P ¼ .001) (Table 1).
alignant Non-metastatic, and Metastatic Disease

¼ immunohistochemistry.

Clinical Breast Cancer June 2021 - e183



Table 4 Logistic Regression Model to Estimate Risk Between the Malignant and Benign Groups

Beta Coefficients Standard Error P Value Odds Ratio

95% Confidence Interval for Odds Ratio

Lower Upper

Age, y 1.717 .432 <.001 5.566 2.387 12.980

HSP70 Expression in Egyptian Cancer Breast Patients
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In benign tumors, all cases showed low HSP70 expression. Most
(94.28%) benign cases scored less than 4, whereas 5.72% scored 4
(with a mean score of 1.73 � 0.77 [range, 1-4]) (Figure 2A).

Among the patients with malignant disease, patients with meta-
static BC showed high HSP70 expression (60/60 cases). Of these
cases, 95% had a score � 9, whereas 5% scored < 9 (with a mean
score of 9.83 � 1.6 [range, 6-12]) (Figure 2A).

Patients with non-metastatic malignant disease showed positive
HSP70 in 85.0% (51/60; score > 4). Of these cases; 46.66% scored
between 4 and 6, whereas 45% scored� 8, and the remaining 8.33%
scored less than 4 (mean, 7.43 � 2.9 [range, 2-12]) (Figure 2A).

Furthermore, univariate analysis revealed that the increase in
tumor size (pathologic T stage) correlated significantly with high
HSP70 expression (P � .001), with a mean score of 5.9 in pT1, 8.1
in pT2, 8.7 in pT3, and 9.9 in pT4 of invasive histotypes of pa-
tients with BC (Table 3).

Regarding lymph nodal metastasis, the mean HSP70 score
showed a significant correlation with lymph node metastatic status
(P � .001). In lymph node-negative cases, HSP70 achieved a mean
score of 6.8, whereas the mean score in patients with N1 was 8.2, in
those with N2 was 9.7, and in those with N3 was 9.7. (Table 3).

In both univariate and multivariate analysis, postmenopausal
patients experienced higher HSP70 expression than pre- and peri-
menopausal patients, with a mean score of 8.37 in postmenopausal
patients (P ¼ .001) (Table 3).

On multivariate analysis, HSP70 expression in tumor tissue
proved to be an independent prognostic factor for patients with
malignant metastatic BC as compared with patients with non-
metastatic BC (P ¼ .033) (Table 5), together with age > 50
years (P ¼ .002) and pN stage (P � .001).

Among patients with malignant BC, multivariate analysis
revealed that high HSP70 expression by IHC in tumor tissue
appeared to be independent prognostic factor for increased N stage
(P ¼ .036) and increased pT stage (P � .001) (Table 7).

Correlation Between HSP70 Detection in Serum by
ELISA and in Tumor Tissue by IHC

Our results revealed a strong positive correlation between tumor
HSP70 expression as detected by IHC and serum HSP70 level as
detected by ELISA (r ¼ 0.811) (Figure 3).
Table 5 Logistic Regression Model to Estimate Risk Between the M

Beta Coefficients Standard Error P Valu

Age, y 1.562 .511 .002

HSP70 IHC score 1.060 .496 .033

N stage 2.598 .526 <.001

Abbreviations: HSP70 ¼ Heat shock protein 70; IHC ¼ immunohistochemistry.

- Clinical Breast Cancer June 2021
We also tried to find an optimal cutoff value for HSP70. ROC
analysis was used to determine a cutoff value. The area under a
ROC curve for HSP70 to detect BC was determined at > 4 for
IHC (Figure 4A) and > 8.65 ng/mL for ELISA (Figure 5A), with
95.8% sensitivity and 94.3% specificity for IHC and 97.5%
sensitivity and 97.1% specificity for ELISA. Moreover, HSP70
score > 9 for IHC (Figure 4B) and > 22.3 ng/mL for ELISA
(Figure 5B) could help to differentiate between patients with met-
astatic and non-metastatic BC with 95% sensitivity and 63.3%
specificity for IHC and 95% sensitivity and 98.3% specificity for
ELISA.

Discussion
HSP70 is present in nearly all nucleated cells, but it is overex-

pressed and accumulated very rapidly in cancer cells under envi-
ronmentally stressful conditions.10 Cancer cells can release HSP70
into the extracellular space actively (exosomal) and/or passively (by
dying tumor cells).30 Our study was done to investigate the role of
HSP70 expression and its potential involvement in Egyptian pa-
tients with BC.

Here, we used both the IHC and ELISA techniques to study the
expression mode of HSP70 in patients’ breast tumor tissues and
their matched blood. Our data revealed that most patients with BC
expressed HSP70 in both serum and tumor tissue. Also, we found a
strong positive correlation between HSP70 IHC and ELISA.
Detection of HSP70 by either technique correlated significantly
with advanced aggressive disease in the studied patients with BC.

In tumor tissue, the expression was detected in both tumor cell
cytoplasm and membrane. We observed that different cancer his-
totypes expressed HSP70, including invasive carcinoma and ductal
carcinoma in situ. A similar finding was found by a study performed
by Jagadish et al,5 where the majority of patients with BC expressed
HSP70-2, irrespective of stages, grades, and histotypes.5 Addition-
ally, overexpression of HSP70 was also detected in different BC cell
lines.31

We also found that HSP70 expression showed no/weaker stain-
ing in the surrounding normal breast tissue as compared with that in
tumor cells. In line with our findings, other studies have shown
increased expression of HSP70 in different cancer types, including
endometrial cancer, BC, and leukemia cells, relative to its expression
alignant Metastatic and Non-metastatic Groups

e Odds Ratio

95% Confidence Interval for Odds Ratio

Lower Upper

4.768 1.751 12.984

2.886 1.091 7.635

13.436 4.796 37.643



Table 6 Multivariate Analysis of Serum HSP70 Level by ELISA in All Patients With Malignant Breast Cancer (n [ 120)

Beta Coefficients Standard Error P Value Odds Ratio

95% Confidence Interval for Odds Ratio

Lower Upper

Age, y 1.422 .527 .007 4.145 1.476 11.641

N stage 1.216 .523 .020 3.372 1.211 9.394

Clinical tumor size, cm 1.895 .561 .001 6.654 2.214 19.996

Abbreviations: ELISA ¼ Enzyme-linked immunosorbent assay; HSP70 ¼ heat shock protein 70.
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in normal cells.32 In a study done by Wang and colleagues,33 they
revealed that HSP70 expression was higher in hepatocellular cancer
tissues than tissues from other liver diseases and controls. It was also
found that HSP70 overexpression is a biomarker for early prostatic
and pancreatic cancer.20,34 Moreover, HSP72 is required for
transformation mediated by the HER2/neu receptor.35

This may support that members of the HSP70 family can serve as
cancer-specific biomarkers and oncogenes. HSPs, via their different
activities as molecular chaperones, allow cancer cells to alter the
properties of many key proteins, such as inactivating tumor sup-
pressor gene p53 and alteration of transcription factors and cell
signaling molecules, together with the anti-apoptotic properties,
leading to the loss of control of cell growth and malignant
transformation.36

In our study, we found a positive correlation between serum
HSP70 level and diabetes. The same association was also found only
in women with type 2 diabetes, but no association was found in
men.37 Interestingly, some studies indicated that women with long-
term diabetes have higher serum HSP70 levels,38,39 but there was
no association between diabetes and BC stage.

More importantly in our study, we found that the mean of
HSP70 levels, as detected in both patients’ serum and tumor tissue,
was significantly higher in patients with malignant metastatic and
non-metastatic disease than in patients with benign disease. Also,
HSP70 expression was significantly higher in patients with meta-
static BC than in those with non-metastatic BC, with no difference
observed between different subtypes. The same result was proven in
a study by Gunaldi et al.40 They showed that serum level of HSP70
in patients with BC was significantly higher than in the healthy
control cases, whereas there were no significant differences in
HSP70 levels among BC subtypes.

Importantly, among the studied patients with malignant BC,
multivariate analysis revealed that high HSP70 expression in tumor
tissue appeared to be an independent prognostic factor for meta-
static potential. Moreover, a positive correlation was found between
high HSP70 expression (in both tumor tissues and patients’ serum)
Table 7 Multivariate Analysis of Tissue HSP70 Expression by IHC in

Beta Coefficients Standard Error P Valu

pN stage 1.179 .564 .036

pT stage 2.619 .558 <.001

Abbreviations: HSP70 ¼ Heat shock protein 70; IHC ¼ immunohistochemistry.
and the increase in tumor size (T stage) and increased number of
metastatic lymph nodes (N stage); all are poor prognostic factors.

It is stated that HSP70 is often associated with resistance to
chemotherapy and an adverse patient prognosis in different tumor
types.41 Additionally, high expression of HSP70 is predictive for an
adverse clinical outcome in head and neck squamous cell carci-
noma.42 Because blood can be collected regularly through mini-
mally invasive procedures, some studies proposed that measuring
HSP70 concentrations in serum before, during, and after therapy
may provide predictive utility in evaluating chronic inflammation
and a viable tumor mass.43

In a study performed by Gehrmann et al,30 they found that
serum HSP70 levels correlated with the volume of viable tumor
cells, and they hypothesized that soluble HSP70 levels might be
useful to evaluate the mass of vital tumor cells in human patients
before and after therapeutic intervention. This could be explained
by the fact that cancer cells can release HSP70 into the extracellular
space actively (exosomal) and passively by dying tumor cells. A
correlation between serum levels of HSP70 and tumor volume has
also been suggested in animal studies. Therefore, serum levels of
HSP70 have been examined in several cancer studies.43

Clinically, tumor cells intensively release HSP70 in the extra-
cellular microenvironment, resulting in diverse outcomes for patient
survival. Given its clinical significance, small molecule inhibitors
were developed to target different sites of the HSP70 machinery.44

Other studies on tumor tissues showed that HSP70 is associated
with the increase in tumor size and increased proliferation in cervical
cancer,45 suggesting a role of HSP70 in tumor migration and in-
vasion. Knockdown of HSP70 in cervical and bladder cancer cell
lines reduces the capability for invasiveness and metastasis.46,47

Further supporting studies showed that high expression of
HSP70 in tumor cells is associated with increased metastases to the
lymph nodes in BC models48 and also was linked to advanced
colorectal carcinoma and lymph node metastases.49

Some studies showed evidence of the dual functions of HSP70,
which first creates a cancerous environment and then regulates the
All Patients With Malignant Breast Cancer (n [ 120)

e Odds Ratio

95% Confidence Interval for Odds Ratio

Lower Upper

3.252 1.077 9.820

13.722 4.594 40.988
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Figure 4 A, ROC Curve of HSP70 IHC Score For Malignant Against Benign Patients. The Statistically Significant Cutoff Value for the
HSP70 IHC Score [ 4, Giving a 95.8% Sensitivity and 94.3% Specificity. Patients With a Score > 4 are Truly Malignant (Non-
metastatic And/or Metastatic) Versus Benign Patients. Area Under the Curve [ 0.994; P < .001. B, ROC Curve of HSP70 IHC
Score for Patients With Malignant Non-metastatic Disease Versus Patients With Metastatic Disease. Area Under Curve [
.763; P < .001. The Cutoff Value is Predicted to be a Score of 9 For Patients With Malignant Metastatic Disease. The
Sensitivity is 95%, and the Specificity is 63.3%

Abbreviations: HSP70 ¼ Heat shock protein 70; IHC ¼ immunohistochemistry; ROC ¼ receiver operating characteristic.

Figure 3 The Correlation Between HSP70 IHC Score and ELISA Score. The Correlation Coefficient is r [ 0.811, Which is a Strong
Correlation. However, R2 is Calculated to be 0.6554, Which Means That the Overall HSP70 Score can Predict the ELISA Score
by 65.54% of the Time (P < .0001)

Abbreviations: ELISA ¼ Enzyme-linked immunosorbent assay; HSP70 ¼ heat shock protein 70; IHC ¼ immunohistochemistry.
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Figure 5 A, ROC Curve of ELISA Score for Patients With Malignant Disease Versus Patients With Benign Disease. Area Under the
Curve [ .991; P < .001. A Cutoff of 8.65 ng/mL is Positive for Patients With Malignant Disease Versus Patients With Benign
Disease, With a Sensitivity of 97.5% and a Specificity of 97.1%. B, ROC Curve of ELISA Score for Patients With Malignant
Metastatic Disease Versus Patients With Malignant Non-metastatic Disease. The ELISA Score Cutoff is at 22.3 ng/mL.
Patients With a Score > 22.3 ng/mL are Truly Malignant Metastatic, With a Sensitivity of 95.0% and a Specificity of 98.3%.
Area Under Curve [ .98; P < .001

Abbreviations: ELISA ¼ Enzyme-linked immunosorbent assay; ROC ¼ receiver operating characteristic.
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steps of the metastatic cycle, containing an epithelial-to-
mesenchymal transition and migration.50 They also found that
the trigger for the anti-metastatic properties gained by cancer cells in
the absence of HSP70 seems to be the destruction of the E cad-
herin/catenin heterocomplexes based on HSP70, which act as an
anchor between neighboring cells.50 These results indicated that
HSP70 may be considered as a potential targeted molecule in the
management of patients with BC.

Serum HSP70 cutoff value has been studied for various forms
of cancer. The cutoff value for HSP70 in cholangiocarcinomas is
5.67 ng/mL.21 The cutoff point for plasma levels of HSP70 in
patients with untreated localized prostate cancer is 1.15 ng/mL.20

The cutoff value of HSP70 levels in patients with BC was >

2.41 ng/mL.40 We tried to determine an optimal cutoff value for
HSP70. In our study, the cutoff values of HSP70 levels in our
patients with BC were > 4 for tissue IHC and > 8.65 ng/mL
for ELISA. Furthermore, a cutoff value > 9 for tissue IHC and
> 22.3 ng/mL for ELISA could help to differentiate between
patients with metastatic and non-metastatic BC. To the best of
our knowledge, this is the first study that provides information
about cutoff value for BC HSP70 expression by IHC and also
provides a cutoff value to differentiate between patients with
metastatic and non-metastatic BC.

Conclusion
Our findings revealed that high HSP70 expression is corre-

lated with the aggressiveness of breast cancer and more advanced
disease. It may also contribute to BC development. HSP70 can
serve as a BC biomarker, suggesting the potential use of this
marker in the clinic for breast cancer screening, tumor moni-
toring, and follow-up. Further studies are needed to define the
important effects of HSP70 in patients with BC, especially to
examine therapeutic targets for HSP70. Follow-up for our
patients will be done to assess both overall survival and
disease-free survival to investigate the prognostic role of HP70 in
BC.

Clinical Practice Points

� HSP70 is overexpressed in patients with metastatic and non-
metastatic BC more than in patients with benign disease.

� A high level of HSP70 either in patient serum or in tumor tissue
correlated significantly with advanced disease in patients with
BC.

� This present study suggests that HSP70 can serve as a BC
biomarker for early screening, diagnosis, and follow-up.

� To the best of our knowledge, this is the first study that provides
information about the cutoff value for BC HSP70 expression by
IHC and also provides a cutoff value to differentiate between
patients with metastatic and non-metastatic BC.
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