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Abstract

Background: Defects in cell signaling are common and play a crucial role in the development and progression
of breast cancer. These defects can include alterations in cell-cell communication, uncontrolled cell growth,
and resistance to programmed cell death (apoptosis). Survivin is a protein that plays a role in the regulation of
apoptosis and has been observed to be overexpressed in breast cancer. To evaluate the potential of Survivin gene
expression as a biomarker in the breast cancer. Materials and Methods: By using Real-Time PCR, expression
of Survivin, Caspase-3, Caspase-8, Caspase-9 and TNF-a were detected in 84 female patients after surgery,42
malignant and 42 benign samples. About one gram from inside tumor and another one gram beside the tumor was
taken to isolate mRNA by RT-PCR which detects the expression of Survivin, Caspase-3, Caspase-8, Caspase-9
and TNF-a inside the tumor tissue and beside them. Besides tumor tissue, 84 blood samples were collected
from patients to detect the expression of Survivin and other caspases, in addition to that, 50 blood samples were
collected from women without evidence of breast cancer as a control group. All the samples were collected from
patients admitted to Al-Basrah Teaching Hospital during the period between March 2022 and October 2024.
Results: Expression of Survivin showed a higher level in malignant tissue compared with benign samples. Inside
malignant tissue showed high expression in Survivin compared to tissue beside the malignant site. Caspases-3
and Caspase-9 which are related to the apoptosis process, showed decreased expression inside malignant samples
where Survivin increased. Caspase-8 also showed slightly increased and TNF-a was elevated inside malignant
tissue compared with tissue beside the malignant site. Expression of Survivin in blood samples of patient with
malignant tumor showed increased level compared to blood sample of benign tumor and with control blood
samples. Conclusions: The study showed that Survivin expression in malignant tissue was elevated compared
to benign tumours. The variation in Survivin was evident also in blood samples with declining gradient from
malignant, to benign and normal controls.
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Introduction

Breast cancer is a significant public health issue, being
the most frequently diagnosed malignancy among women
globally and associated with high rates of morbidity and
mortality [1]. Breast cancer occurs at a rate of about 145
cases per 100,000 women annually, with a mortality
rate of 33 per 100,000 women each year [2]. Early
diagnosis is highly beneficial, as early detection, along
with advancements in breast cancer treatment, can help

to improve survival [3].

The interplay between genetic predisposition and
environmental factors, including obesity, lack of physical
activity, alcohol use, hormone replacement therapy, and
menstrual history, are linked to the risk and progression
of breast cancer [4]. Hence, carcinogenesis occurs due to
an imbalance between cell proliferation and apoptosis [5].
Apoptosis is a controlled process of cell death that plays
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an essential role in development and maintaining balance
in the body [6]. Several genes play roles in regulating
apoptotic signaling pathways, which are functioning as
either pro-apoptotic or anti-apoptotic factors. Among the
proteins that suppress apoptosis, survivin is considered a
crucial component [5].

Survivin, an essential component of the inhibitor of
the apoptosis protein (IAP) family, is distinguished by its
remarkable features. It is the smallest protein within this
family [6]. The Survivin gene is situated in the 17q25
region of the human genome, Survivin is strikingly
overexpressed in almost all cancer types, yet its presence
is minimal in most normal adult tissues [7]. Its distinctive
structural and functional properties make it a compelling
subject of interest in cancer research. It is critical to
various cellular processes, significantly affecting tumor
cell survival and metastasis. Moreover, growing evidence
points to its wider role in preserving immune system
balance [8]. Survivin is expressed in multiple splicing
variants, each carrying distinct functional roles. These
variants arise from the alternative splicing of the Survivin
gene and have been extensively studied for their potential
importance in cancer biology and treatment strategies. For
example, variants like Survivin-3B and Survivin-AEx3
have been associated with changes in apoptotic regulation
and tumor progression [9].

In contrast, Survivin-2B has demonstrated potential
as a tumor suppressor, with its expression being linked
to better patient outcomes in specific cancer types [10].
Researchers analyzed Survivin expression in 60 different
tumor types, including lung, esophageal, breast, ovarian,
stomach, and prostate cancers. These studies identified the
highest Survivin levels in breast and lung cancers, while
kidney cancer showed comparatively lower expression
[11].

Survivin unusually shows high expression in diverse
tumor types and its strong link to poor disease outcomes
have positioned it as a promising diagnostic biomarker
[12- 14].

To summarize the role of Survivin inside the cell, we
have to study the proteins that contribute with Survivin,
like Caspase 3; Caspase 8; Caspase9. When the cell has
a defect, apoptosis will be induced either by extrinsic
or intrinsic pathway. Extrinsic pathway is induced by
TNF-alpha, while intrinsic pathway is activated by death
stimulus like UV or Gama radiation and chemotherapy.
In an extrinsic pathway, TNF-alpha activates Caspase-8
followed by activating Caspase-3 which lead to DNA
fragmentation and cell death [12]. Here, Survivin showed
blockage of Caspases-3 and stop its action in apoptosis
when the cycle is finished. On the other hand, intrinsic
pathways lead to activating Caspase-9 either directly or
through mitochondrial enzymes then activating Caspase-3
to switch on the apoptosis pathway. The role of Survivin
is to block the activation of mitochondrial enzymes and
inhibit Caspase-9 to ensure finished the cycle when it
was complete. During cancer growth, the activity of
Survivin will be disrupted and showed phosphorylated
of Caspases in a long time which stopes apoptosis and
enhances replication of the cell even if it is faulty [13, 14].

Duaa Majid Abdulateef, et al: Identified Survivin Expression Profile as a Biomarker in Breast Cancer

The present study aims at evaluating the potential of
Survivin gene expression as a biomarker in breast cancer.

Materials and Methods

Study population and Sampling

The study was a cross-sectional study, conducted
between March 2022 and October 2024 in Basrah
Teaching Hospital. Biopsy samples and blood were
collected from 84 female patients who were admitted to
the surgical ward with benign or malignant breast mass.
In addition, other 50 blood samples were taken from
females who clinically do not suffer from breast tumor
as control samples.

Excisional biopsy for benign tumor and mastectomy
or breast conserving surgery for malignant tumor
were performed according to the result of Fine Needle
Aspiration (FNA). The inclusion criteria included
patients with breast tumor diagnosis and had been
histopathologically confirmed and did not receive any
treatment in the form of chemotherapy or radiotherapy.

Tissue extraction

After the diagnosis of breast tumors (malignant and
benign cases), the patients were admitted to the hospital.
and during surgery (lumpectomy, breast conserving
surgery or mastectomy), a biopsy of about 1gram of breast
tumor was taken from each sample of both benign and
malignant cases, as well as from tissue located 2cm away
from the tumor, which is named as a beside tumor tissue,
and considered as non- tumor tissue. The tissue specimens
were preserved in a container containing normal saline and
then transported to the laboratory of Al-Zahraa College of
Medicine. The tissues were washed by phosphate buffer
saline (PBS) twice, then cut into small pieces and washed
again, tissues were mashed up in sterile distill water and
crushed with a sterile mortar with 2ml Nuclease-Free
Water to get homogenize liquid. 0.75 ml of TRIzolTM
LS Reagent kit (Solarbio, Shanghai, China) was added to
0.25 ml of sample suspension then homogenize the sample
by pipetting up and down several times to lyse the tissue.

Blood mRNA extraction

According to (Dongsheng biotech, N1121) mRNA
blood mini kit protocol, blood was collected in tubes with
Ethylenediaminetetraacetic acid (EDTA) anticoagulant to
prevent clotting and stabilize the sample. A volume of 200
ul blood was mixed with 800 ul of phenol and guanidinium
isothiocyanate solution (TRI solution Invitrogen) for 10
minutes at 25°C. Then, 250pl of chloroform solution was
added and the mixture was incubated at room temperature
with mixing for 5 minutes.

Centrifugation of tissue and blood samples for subsequent
mRNA extraction

The solution was centrifuged at 10,000 g for 20min
at 4°C. The supernatant layer was collected in a new
clean tube with 500ul of isopropanol and mixed well,
then incubated at 25°C for 15 minutes. The solution then
centrifuged at 10,000g for 20 minutes at 4°C to precipitate
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mRNA which then collected and washed with ethanol 70%
and dissolved with 40ul free RNase water.

mRNA extraction and cDNA synthesis

Reverse transcription quantitative polymerase
chain reaction (RT- qPCR) was used to detect the level
of the markers through their mRNA in the samples.
mRNA concentration was confirmed by nanodrop
spectrophotometer using the ratio optical density OD
260/280. The extracted mRNA was used directly to avoid
storage under -80C°. Referenced primers of Survivin
were performed from the literature [15] to avoid making
mistakes of primer designing. The markers; Survivin,
Caspase 3, Caspase 8, Caspase 9, TNF-a and GAPDH
primers were obtained from Promega, USA, (Table 1).
Regarding cDNA synthesis, 1 pg of extracted cellular
mRNA was used for cDNA synthesis by oligonucleotide
primers, which were designed to detect Survivin by
RT-PCR, product length: 338 bp, shown in Table 1.

The RT-PCR procedure was performed using 1X
SYBR Green PCR Master Mix [16], and started with
reverse transcription at 55 °C for 60 minutes, followed
by inactivation of the transcriptase at 95 °C for 8 minutes.
Amplification was then carried out for 40 cycles of
denaturation at 95 °C for 20 seconds, annealing at 55 °C
for 20 seconds, and extension at 72 °C for 50 seconds [17].

Detection of Survivin level in samples

Reverse transcription PCR of total mRNA was
performed in accordance with instructions provided by
Reverse Transcription System A3500 Promega, USAa.
[18].

Equation 1
ACT (Sample) =ACT (target gene) — ACT (reference
gene).

Equation 2
Relative expression = (CT Survivin; Caspase-3;
Caspase -8; TNF-a), — (CT GAPDH)
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Statistical analysis

For the purpose of statistical analysis, SPSS software,
version 26, was used. The data were presented in terms
of mean and standard deviation; and to investigate the
statistical significance of differences in means, T-test was
applied. A p-value of <0.05 was considered as significant
result.

Results

Distribution of patients according to age and type of tumor
(M=malignant, B= benign)

The study was conducted on 84 patients presented with
breast mass. Patients’ age ranged from 16 to 75 years old.
The patients were categorized into six groups according
to age. Samples were classified as 42 (50%) malignant
tumor and 42 (50%) benign tumors as shown in Table 2.
The result also showed that the highest proportion of
malignant cases was in age group 56-66-year (11, 26.2%),
followed by age group 46-55-years with 10 cases (23.8%).
However, only 2 and 3 samples (4.76%, 7.14%) were
collected in age group 26-35 and 18-25- years respectively.
The benign tumors were distributed in the same age
groups as follows: the age group 46-55-year (12, 28.57%),
56-66-years (10, 23.8%) and 36-45- year (10, 23.8%). The
details are shown in Table 2.

12345678 91011121314151617181

920213223242526272829303132333435
Cycle

== Malignant site == Basidemalignant site == GAPDH as control

Figure 1. Amplification Plot of Sample of Survivin in
Malignant Site and Beside Malignant Tissue Compared
to GAPDH.

Table 1. Primers of the Markers Details and Their References.

Markers Sequence Ann. Temp. No. bp Ref.

Surviv. 5'ATGGGTGCCCCGACGTTGC3’ 58 338 19
3'GTCGACCGACGGTACCTAACTS’

Casp. 3 5'CTC GGT CTG GTA CAG ATG TCG ATG3’ 60 540 20
3'GTT TAA CCC GGG TAA GAATGT GCAS’

Casp. 8 5'GGGAAGTGTTTTCACAGGTT3' 60 411 21
3 TAAGGCGTTTCCTTCGTTCTTS’

Casp. 9 5'-ATGGACGAAGCGGATCGGCGGC-3' 58 388 22
5-TTATGATGTTTTAAAGAAAAGTTTTTTC-3

TNF-a 5'CGAGTGACAAGCCTGTAGC3! 57 454 23
3'TACACGAGGAGTGGGTGTGGS'

GAPDH 5" ACGGGGTCACCCACACTGTGC3' 60 392 23

3'GTAGCAGGTGGCGTTTACGAAGATCS’
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Table 2. Histopathological Results of Samples According to Age Group (M= malignant; B= benign).

Age group Type Total Control

M % B % No. % No. %
16-25 3 7.14 4 9.52 7 8.33 6 12
26-35 2 4.76 5 11.90 7 8.33 8 16
36-45 7 16.66 10 23.80 17 20.23 7 14
46-55 10 23.80 12 28.57 22 26.19 12 24
56-65 11 26.2 10 23.80 21 25.00 13 26
66-75 9 21.43 1 2.38 10 11.90 4 8
Total 42 100 42 100 84 100 50 100

Table 3. Cycle Threshold (Ct) Value of Survivin in Malignant Tissue Samples.
Age group Ct value of Survivin in Malignant site and beside the
malignant site of tissue
Survivin Survivin Beside Malignant site GAPDH
Malignant Site

16-25 9.70 14.50 15.89
26-35 9.50 14.36 15.75
36-45 9.35 14.13 15.63
46-55 9.22 14.21 15.56
56-65 9.22 14.09 15.59
66-75 9.21 14.11 15.23
The Average 9.36 14.23 15.60

Estimating expression of Survivin by RT-PCR

Value of Cycle Threshold (Ct) of Survivin in malignant
tissue was tested inside and beside the malignant tissue
site and compared with Ct value of the cellular protein
called Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The ACt of samples is shown in (Table 3).
Ct value of Survivin in tumor site of malignant tissue
increased by an average of 1.5 times from the tissue

beside malignant site. The result showed that Survivin
in malignant site appeared in cycle 9 while beside the
malignant site showed in cycle 14 related to GAPDH
which appeared during cycle 15. (Table 3; Figure 1).

Expression of mRNA level of Survivin in malignant and
benign samples

The result of measuring expression of Survivin in
malignant and benign samples by RT-PCR showed that
there are significant differences between the expression
level of mRNA of Survivin in malignant against benign
samples. The highest expression was in the age group
56-65 years, which recorded 18.89 folds more related to
mRNA of the housekeeping gene GAPDH. The lowest
expression folds of Survivin were shown in the age
group 46-55 years 11.3 folds. While the expression in
benign sample was no more 2.49 in age group 26-35
and the lowest expression was 1.19 in age group 36-45
years. The result also determined the difference between
samples that they got from inside and besides the samples.
In malignant, the average of Survivin expression inside
malignant tissue increased 14.2 folds compared with
GAPDH, while it was only 1.42 folds beside the malignant
site. The highest expression of the samples beside the

malignant site was 1.8 folds and the lowest was 1.02-fold
in the age groups 56-65 and 16-25-years respectively. In
benign sample, the average changes in sample of inside
and beside the tumor site was 1.89 and 1.54 respectively
(Table 4).

Differences in the expression of Survivin related
to GAPDH between malignant and benign biopsies as
presented in Table 5, were found statistically significant
(p=0.0001).
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Figure 2. Expression of Caspase -3 Inside and Beside the
Malignant and Benign Samples During Ages.
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Table 4. Expression of Survivin in Malignant and Benign, Inside the Tumor and Beside It.

Age Expression of Survivin related to GAPDH
Malignant Benign
Inside Beside Inside Beside

16-25 13.9 1.02 2.46 2
26-35 11.79 1.6 2.49 1.8
36-45 14.5 1.3 1.19 1.76
46-55 11.3 1.41 1.68 1.18
56-65 18.89 1.8 1.74 1.1
66-75 14.82 1.4 1.82 1.4
Average 14.2 1.42 1.89 1.54

Table 5. Differences in the Expression of Survivin Related to GAPDH Between Malignant and Benign Biopsies.

Marker expression Malignancy N Mean SD T P-value*
Expression of Survivin related to GAPDH Malignant 12 10.0592 5.06617 5.680 0.0001
Benign 12 1.7183 0.45708
Differences in the expression of Survivin related to In Table (Supplementary Table 3), it can be noted

GAPDH in malignant biopsies, were found statistically ~ that the expression of Caspase-8 related to GAPDH in
significant when the sites of biopsy (inside and beside) = malignant tumors is significantly (p=00001) higher in
were compared together (Table 6). biopsies taken from the inside of the tumor (6.4867 versus
1.0983). Such a difference is absent in benign tumors
Expression of mRNA level of Caspase-3 in malignant and ~ (p=0.471).
benign samples
The expression results of the mRNA of Caspase-3 Caspase-9 in malignant and benign samples
showed decreases in malignant sites in all age groups Similar to the result of Caspase-3, the expression
compared with the housekeeping protein GAPDH. The  of Caspase-9 showed suppressed in malignant tissue.
expression inside the malignant showed less than beside =~ Expression value of Caspase-9 inside malignant tumor
the malignant site, and also less than that of benign  showed less than those in samples of beside malignant
samples, which showed no difference in inside and beside =~ tumor as well as benign tissues (Figure 3).
benign tumor tissue. (Figure 2). Similar findings were found (p=0.011) regarding
Table 7 shows that there was significant (p=0.0001)  expression of Caspase-9 related to GAPDH in malignant
statistical difference, in the expression of Caspase-3 related ~ versus benign tumors (Supplementary Table 4).
to GAPDH, between malignant and benign tumors. The
mean expression in malignancy (1.0158) is significantly ~ Expression of Caspase-9 related to GAPDH
lower than expression in benign tumors (2.5667). Also, significant differences were documented in Table
When the site of tumor was tested for the expression  (Supplementary Table 5). In malignant (p=0.0001) and in
of Caspase-3 related to GAPDH, Table 8, it was found  benign (0.001) tumors, statistically significant differences
that in malignancy, the expression inside tumor (0.6) was ~ were found in the expression between inside and beside
of about 6 folds more than the expression of GAPDH
in inside malignant tissue compared with tissue beside

significantly (p=0.0001) lower than the expression beside ~ biopsies
the malignant site, while benign tissue showed no _ ]i]‘]‘]l]l]'
significant increase intissue compared with benign tissue.

18-25 26-35 36-65 I

Expression of mRNA level of Caspase-8 in malignant and
benign samples
Expression of Caspase-8 showed an average increase

Expression of Caspase-G
Related to GAPDH)

the tumor (1.4317). However, no such significance was
noted in benign tumors (p=0.939) (Table 8).
66-75

(Supplementary Table 1). 26°35 GO G5 R 665
Regarding the expression of Caspase-8 related to - g Aecrry -
GAPDH, it is shown in (Supplementary Table 2) that, also,
there was a significant statistical difference (p=0.003) in Inside Beside Inside Beside
this expression between malignant and benign tumors. Malignant Malignant Benign Benign
Here, the expression was significantly higher in malignant Figure 3. Expression of Caspase -9 in Inside and Beside
tumors (3.7925 versus 06). the Malignant and Benign Samples During Ages.
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Table 6. Differences in the Expression of Survivin Related to GAPDH in Malignant Biopsies and in Benign Biopsies

According to the Site

Malignancy Site N Mean SD t P-value

Malignant Expression of Survivin related to GAPDH Inside 6 14.2 2.71214 5.184 0.0001
Beside 6 49183 2.821

Benign Expression of Survivin related to GAPDH Inside 6 1.8967 0.49923 1.411 0.189
Beside 6 1.54 0.36617

Table 7. Differences in the Expression of Caspase-3 Related to GAPDH between Malignant and Benign Samples

Malignancy N Mean SD t P-value
Expression of Caspase-3 related to GAPDH Malignant 12 1.0158 0.49797  -8.798- 0.0001
Benign 12 2.5667 0.35336

Table 8. Differences in the Expression of Caspase-3 related to GAPDH in Malignant Biopsies and in Benign Biopsies

According to the Site

Benign  Expression of Caspase-3 related to GAPDH Inside 6 2.5583 0.42687 -.078- 0.939
Beside 6 2.575 0.30383

Benign  Expression of Caspase-3 related to GAPDH Inside 6 2.5583 0.42687 -.078- 0.939
Beside 6 2.575 0.30383

TNF-a in malignant and benign samples

TNF-a showed a highly increased inside malignant and
benign tumor in average of 26 and 18 folds respectively
related to GAPDH. The expression of TNF-a inside
malignant tissue was increased 5 times more than in
tissue beside the malignant tissue and about 4 times more
in benign

Unlike the previous findings, the expression of TNF-a
related to GAPDH does not statistically significantly
differ between malignant and benign tumors (p=0.259),
(Supplementary Table 6).

Expression of mRNA level of TNF Alpha

However, in (Supplementary Table 7), there is a
significant difference in expression of TNF-a between
biopsies from inside and those from beside the tumor,
whether in malignant (p=0.0001) or in benign (p=0.0001)
tumors.

Survivin in blood samples of patients and controls
The Ct-value of Survivin in blood samples was
analyzed and revealed that the curve of Survivin in patient

Sample of Ct value for Survivin in blood
1400

1200
1000
800
600

Relative Fluorescence

200
13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39

Cycle

—&— Patient —#— Control =#= GAPDH

Figure 4. Amplification Plot of Sample of Survivin
in Blood of Patient and Control Sample Compares to
GAPDH.

blood appeared early before the control samples and
GAPDH as shown in sample of the Ct value (Figure 4).
Expression of Survivin in blood of malignant, benign, and
control cases

The expression value of survivin in blood of malignant
cases indicated an increase in about 6 times comparing
with the expression in blood of the control and benign
cases. Among the age groups, the age 26-35- years
showed slightly more increased compare with the average
(Figure 5).

Expression of mRNA level of Survivin in blood of
malignant, benign, and control cases

The results show highly significant differences in
Survivin expression between malignant and both benign/
control groups (p < 0.0001), whereas no significant
difference was observed between benign and control
groups (p =0.26).

RT-PCR amplification of Caspases in blood samples

The Ct value of Caspases revealed that the mRNA of
Caspases 3, 8 and 9 were not successfully amplificated
during RT-PCR reaction of blood samples. The reaction
was repeated 5 times with no clear results. On the contrary,
GAPDH showed regular curve as shown in selected
sample (Figure 6).

Discussion

In the current study the samples, which were divided
into 42 of malignant and 42 of benign cases, concentrated
in three age groups 36-45, 46-55, 56-65 for both malignant
and benign cases. In other study the range of affected
women were concentrated in 51-60 age group [19]. The
expression of Survivin showed elevated levels inside
malignant tissue compared with samples beside the
malignant tissue site. The results are consistent with the
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Expression of Survivin in blood sample of patients

Expression level

Figure 5. Expression of Survivin in Blood Samples of
Malignant. Benign and Control Cases.

Ct value of caspases
(Related to GAPDH)

1 3 5 7 9 11 13 15 17_.19 21 23 25 27 29 31 33 35 37 39
Cycle

== Caspase-3 =g Caspase-8 =—g=Caspase-9 —g=GAPDH

Figure 6. Example of Disrupted Amplification Plot of
Sample of Caspases in Blood Compares to GAPDH
Regular Amplification Plot

findings of a study published in 2023 [20]. High expression
of Survivin in the samples during age 56-65-year in about
17 times more than benign samples may be related to
high-grade cancer tissues, the same results was confirmed
by other studies [20, 21]. The highly expression of
Survivin in malignant tumor compared with benign
tumor in our study is also consistent with the results of
another study published in 2010 [22]. The result of the
current study has shown that while the expression of
Survivin is increased the expression of Caspases 3 and 9
were suppressed inside the breast cancer malignant tissue
compared with beside the malignant tissue and benign
samples.The role of Survivin in inhibiting of apoptosis
requires suppressing of Caspases through shutting off their
enzymatic action or mainly downregulate Caspase-3 and
9 [23, 24]. The mechanism by which Survivin inhibits
the action of Caspases in cancer cells is represented by
phosphorylation of Thr34 in Survivin which facilitate
binding of Survivin to Caspases 3 and 9 and deactivate
them [7]. The result also showed that Caspase-8 was
expressed in about 5 to 6 folds more inside malignant
tissue than beside malignant and benign tissue. This
finding is supported by the result of another study. A
recent study confirmed that some group of caspases like
6,7, 8, 10, has not been shown to be inhibited during the
activity of Survivin, but some of them like Caspase 8 is
activated during induction when TNF-a is increased [25].
The result of this study highlighted that the TNF-a also
appeared to be activated and increased in its expression
in about 5 times more inside malignant tissue compared
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with beside the malignant site, which is compatible with
other studies [26].

Detection of Survivin expression in patients’ blood has
been one of the aims of this study. The results detected
high expression level of Survivin in the peripheral blood
samples of the malignant cases compared with the control
group and with samples taken from patients with benign
tumors, especially since the results showed that the
expression of Survivin in blood samples of patient with
malignant cases is more in 3-4 times than in blood samples
of benign and control cases. The expression of Survivin in
blood of malignant cases showed no significant differences
between age groups. This result is compatible with most of
the researches which showed that Survivin expression is
increased in blood sample of more than 90% of malignant
breast tumors compared to patient with benign breast
tumor and control women [21, 27].

The study failed to detect Caspases in blood samples.
The mRNA of Caspases 3, 8 and 9 were not amplified
in blood of patient and control by RT-PCR. The Ct blot
showed an irregular and unreliable noisy blot which
refers to an amplification problem. This may be due to
diluted and oscillating concentration levels of Caspases,
and they have limit half- lives, and complex signaling
interactions [28]. The Ct curve of GAPDH was shown
regularly and confirmed that there was no troubleshooting
in the process of RT-PCR. In conclusions, Survivin
expression is correlated with breast cancer occurrence
with variation in its level in malignant tissues and blood.
Caspases 3 and 9 were shown to be disrupted in malignant
tissue compared with benign tissue. While the expression
of Caspase 8 was identified to be slightly increased in
malignant tissue.

Acknowledgments

Statement of Transparency and Principles

*The authors declare no conflict of interest.

*The study was approved by the Research Ethics
Committee of the authors’ affiliated institution.

*The study data are available upon reasonable request.

+All authors contributed to the implementation of this
research.

References

1. Arzmi MH, Abdul Majeed A, Muazu Musa R, Mohd
Razman MA, Gan HS, Mohd Khairuddin I, Ab. Nasir
AF. Epidemiology, detection and management of cancer:
an overview. Deep Learning in Cancer Diagnostics: A
Feature- based Transfer Learning Evaluation 2023;19:1-7...

2. Dafni U, Tsourti Z, Alatsathianos I. Breast Cancer Statistics
in the European Union: Incidence and Survival across
European Countries. Breast Care. 2019 Dec;14(6):344-353.
https://doi.org/10.1159/000503219

3. Grasso A, Altomare V, Fiorini G, Zompanti A, Pennazza
G, Santonico M. Innovative Methodologies for the Early
Detection of Breast Cancer: A Review Categorized by Target
Biological Samples. Biosensors. 2025 04 17;15(4):257.
https://doi.org/10.3390/bios 15040257

4. Nicolis O, De Los Angeles D, Taramasco C. A contemporary
review of breast cancer risk factors and the role of artificial

Asian Pacific Journal of Cancer Nursing 307



apjcn.waocp.com

intelligence. Frontiers in Oncology. 2024;14:1356014.
https://doi.org/10.3389/fonc.2024.1356014

5. Rafatmanesh A, Behjati M, Mobasseri N, Sarvizadeh M,
Mazoochi T, Karimian M. The survivin molecule as a
double-edged sword in cellular physiologic and pathologic
conditions and its role as a potential biomarker and
therapeutic target in cancer. Journal of Cellular Physiology.
2020 02;235(2):725-744. https://doi.org/10.1002/jcp.29027

6. Albadari N, Li W. Survivin Small Molecules Inhibitors:
Recent Advances and Challenges. Molecules. 2023 02
01;28(3):1376. https://doi.org/10.3390/molecules28031376

7. Fang X, Cao X, Xiao J, Hu'Y, Chen M, Raza HK, Wang H,
et al. Overview of role of survivin in cancer: expression,
regulation, functions, and its potential as a therapeutic
target. Journal of Drug Targeting. 2024 03 15;32(3):223-240.
https://doi.org/10.1080/1061186X.2024.2309563

8. Jafarzadeh A, Bazargan N, Chatrabnous N, Jafarzadeh S,
Nemati M. Contribution of survivin to the immune system,
allergies and autoimmune diseases. Human Immunology.
2023 04;84(4):301-310. https://doi.org/10.1016/j.
humimm.2023.01.009

9.PuF, ShaoZ, Yang S, LiuJ, Lin S, Ma X, Yang H. Association
between functional variants in BIRCS/survivin gene 3’
untranslated region and mRNA expression in lymphoblastoid
cell lines. Oncology Letters. 2015 Oct;10(4):2319-2322.
https://doi.org/10.3892/01.2015.3507

10. Végran F, Mary R, Gibeaud A, Mirjolet C, Collin B,
Oudot A, Charon-Barra C, et al. Survivin-3B potentiates
immune escape in cancer but also inhibits the toxicity
of cancer chemotherapy. Cancer Research. 2013 09
01;73(17):5391-5401. https://doi.org/10.1158/0008-5472.
CAN-13-0036

11. Bayomy NA, Badawi MS, Elshafey S, Elgendy H, Gouda
NS, Badawy A et al. Survivin: A Keystone in Apoptosis
and Cancer Pathways. Journal of Chemical Health Risk.
2024;14(6):1207- 1217.

12. Martinez-Sifuentes MA, Bassol-Mayagoitia S,
Nava-Hernandez MP, Ruiz-Flores P, Ramos-Trevino J,
Haro-Santa Cruz J, Hernandez-Ibarra JA. Survivin in
Breast Cancer: A Review. Genetic Testing and Molecular
Biomarkers. 2022 09;26(9):411-421. https://doi.org/10.1089/
gtmb.2021.0286

13. Jaiswal PK, Goel A, Mittal RD. Survivin: A molecular
biomarker in cancer. The Indian Journal of Medical
Research. 2015 04;141(4):389-397. https://doi.
0rg/10.4103/0971-5916.159250

14. Yin W, Chen N, Zhang Y, Zeng H, Chen X, He Y, Wang
X, Zhou Q. Survivin nuclear labeling index: a superior
biomarker in superficial urothelial carcinoma of human
urinary bladder. Modern Pathology: An Official Journal
of the United States and Canadian Academy of Pathology,
Inc. 2006 Nov;19(11):1487-1497. https://doi.org/10.1038/
modpathol.3800675

15.Jin P, Zheng Z, Lu H, Yan J, Zheng G, Zheng Y, Wu D, Lu J.
Roles of B-catenin, TCF-4, and survivin in nasopharyngeal
carcinoma: correlation with clinicopathological features
and prognostic significance. Cancer Cell International.
2019;19:48. https://doi.org/10.1186/312935-019-0764-7

16. Gomez RL, Sendin LN. Relative expression analysis of target
genes by using reverse transcription quantitive PCR.2019. In
Cereal Genomics: Methods and Protocols (pp.51-63). New
York, NY: Springer US..

17. Mocellin S, Rossi CR, Pilati P, Nitti D, Marincola FM.
Quantitative real-time PCR: a powerful ally in cancer research.
Trends in Molecular Medicine. 2003 05;9(5):189-195.
https://doi.org/10.1016/s1471-4914(03)00047-9

Duaa Majid Abdulateef, et al: Identified Survivin Expression Profile as a Biomarker in Breast Cancer

18. Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) Method. Methods. 2001 Dec;25(4):402-408. https://
doi.org/10.1006/meth.2001.1262

19. DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller
KD, Goding Sauer A, Jemal A, Siegel RL. Breast cancer
statistics, 2019. CA: A Cancer Journal for Clinicians. 2019
Nov;69(6):438-451. https://doi.org/10.3322/caac.21583

20. Wright S, Burkholz S, Zelinsky C, Wittman C, Carback R,

Harris P, Blankenberg T, Herst C, Rubsamen R. Survivin
Expression in Luminal Breast Cancer and Adjacent Normal
Tissue for Immuno-Oncology Applications. International
Journal of Molecular Sciences. 2023 07 23;24(14):11827.
https://doi.org/10.3390/ijms241411827

.Jha K, Shukla M, Pandey M. Survivin expression and targeting

in breast cancer. Surgical Oncology. 2012 06;21(2):125-131.
https://doi.org/10.1016/j.suronc.2011.01.001

22.LvY, YuF, Yao Q, Chen J, Wang L. The role of survivin in
diagnosis, prognosis and treatment of breast cancer. Journal
of Thoracic Disease. 2010 06;2(2):100-110.

23. Quidute P, Quidute R, Perez MM, Pereira EC, Veiga GLD,
Alves BDCA, Fonseca FLA. Survivin expression as a
prognostic marker for breast cancer. Revista da Associagao
Meédica Brasileira. 2023;69(9):¢20230167. https://doi.
org/10.1590/1806-9282.20230167

24. Singh M, Bleile MJ, Shroyer AL, Heinz D, Jarboe
EA, Shroyer KR. Analysis of Survivin Expression
in a Spectrum of Benign to Malignant Lesions of the
Breast:. Applied Immunohistochemistry & Molecular
Morphology. 2004 Dec;12(4):296-304. https://doi.
0rg/10.1097/00129039-200412000-00003

25. Nihayah S, Wanandi SI. Regulation of Survivin Gene
Expression in Stem Cell and Cancer Stem Cells and
Emphasis Approach. Indonesian Journal of Cancer. 2025 03
24;19(1):143-153. https://doi.org/10.33371/ijoc.v19i1.1142

26. Naheed Z. Immunohistochemical Expression of Tumour
Necrosis Factor-Alpha in Breast Cancer: Correlation
with Clinicopathological Parameters. Br J Gen Pract
Res Educ. 2024;1(1):1-7. https://doi.org/10.1136/
bjgp-research-2023-101234

27. Aa N, Ds C, Gml N, L1 Z, Bo L, BIv2 DG, Ga F, et al.
Small Extracellular Vesicles and Survivin as Diagnostic and
Prognostic Marker for Breast Cancer: A Pilot Study. Clinics
of Oncology. 2023;06(22):01-07. https://doi.org/10.47829/
C00.2023.62202

28. Yu M, Zhou X, Niu L, Lin G, Huang J, Zhou W, Gan H.
Targeting Transmembrane TNF-o Suppresses Breast Cancer
Growth. Cancer Research. 2013 07 01;73(13):4061-4074.
https://doi.org/10.1158/0008-5472.CAN-12-3946

2

—

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

308 Asian Pacific Journal of Cancer Nursing



