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ABSTRACT
HER-2-positive breast cancer is characterized by its aggressive nature, poor prognosis, and reduced overall survival. 
The emergence of  trastuzumab resistance is currently considered a global problem. The immune system plays a piv-
otal role in tumor progression and development. Cytotoxic T lymphocyte-associated protein-4 (CTLA-4) and other 
immune checkpoint proteins may be potential prognostic factors and therapeutic targets for breast cancer. This study 
aimed to determine the correlation between CTLA-4 expression in peripheral blood and insulin-like growth factor-1 
(IGF-1) serum levels and their impact on trastuzumab responsiveness in HER-2-positive patients with breast cancer. 
CTLA-4 expression was analyzed in peripheral blood cells using quantitative PCR, while IGF-1 serum levels were 
assessed through electrochemiluminescence assays. There was a significant increase in CTLA-4 expression at cycle 
9, which continued to increase until it reached 4.6 at cycle 17. High IGF-1 levels were observed in newly diagnosed 
HER-2 positive patients before trastuzumab therapy, significantly decreasing post-therapy (p=0.001). Co-targeting 
HER-2 and IGF-1 receptors may reduce the risk of  recurrence and improve outcomes. In addition, targeted CTLA-4 
molecules may improve patient survival and prevent recurrence.
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INTRODUCTION

Breast cancer is one of  the most common cancers in women 
worldwide. Age, heredity, reproductive status, physical inac-
tivity, and obesity are all common risk factors for breast cancer 
[1]. Approximately 20% of  new breast cancer cases are HER-2 
positive, often associated with poor prognosis and higher aggres-
siveness compared to HER-2 negative types [2]. Since the 1990s, 
trastuzumab, a monoclonal antibody targeting the extracellular 
domain of  the HER-2 receptor, in combination with chemother-
apy, has been the gold standard in breast cancer treatment [3]. 
Trastuzumab (Herceptin) has improved outcomes in patients with 
HER-2-positive breast cancer, both in early and advanced stages 
[4]. However, the emergence of  trastuzumab resistance is current-
ly considered a global problem. Despite a year-long trastuzumab 
treatment (17 cycles), over 20% of  patients experience recurrence 
or metastasis, demonstrating the complexity and heterogeneity 
of  the tumor [5]. Unfortunately, there are no currently available 
noninvasive biomarkers that can accurately detect a patient's re-

sponsiveness to trastuzumab [6]. Finding new treatments to over-
come trastuzumab treatment failure is essential to improve mor-
tality in HER-2-positive metastatic breast cancer [7, 8]. A great 
challenge is identifying individuals who have a high risk of  recur-
rence. Genetic testing provides valuable prognostic information for 
early-stage patients with breast cancer in order to obtain possible 
prognostic information as part of  their treatment regimens [9]. 
Gene expression profiles and whole genome sequencing are in-
creasingly being incorporated into the treatment planning process 
for breast cancer. Using genetic approaches can reduce costs and 
potential harm due to cancer therapy, especially for patients who 
do not respond to treatment [10]. The objective of  this study was 
to determine the correlation between cytotoxic T lymphocyte-as-
sociated protein-4 (CTLA-4) expression in peripheral blood and 
insulin-like growth factor-1 (IGF-1) serum level as biomarkers 
for predicting trastuzumab treatment efficacy in HER-2 positive 
breast cancer.  CTLA-4 (CD152) is a cell surface receptor that in-
hibits T lymphocyte proliferation and function and suppresses the 
immune response to tumors [11]. Expression of  CTLA-4 enables 
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cancer cells to evade antitumor T cell responses and may reduce 
the anti-cancer immune response, making tumors more likely 
to spread. Similarly, it would be anticipated that natural T-regs, 
which constitutively express CTLA-4, would interact with residual 
B7 molecules more effectively than responder T cells, resulting in 
T-cell inhibition rather than proliferation [12]. In the emerging 
era of  immunotherapy, CTLA-4 expression in breast cancer is a 
potential clinical marker and a rational therapeutic target [13]. 
Trastuzumab is a recombinant humanized monoclonal antibody 
that works by binding to the protein's extracellular domain [14]. 
When used in combination with chemotherapy, it significantly ex-
tends patient survival by delaying disease progression [15]. One of  
its mechanisms involves the activation of  tyrosine kinase, leading to 
the internalization and degradation of  the HER-2 receptor [16]. 
Trastuzumab also induces tumor cell lysis through antibody-de-
pendent cellular cytotoxicity (ADCC), which is particularly effec-
tive in cases of  HER-2 overexpression [17]. Many factors, such as 
IGF-1, transforming growth factor, platelet-derived growth factor, 
hepatocyte growth factor, fibroblast growth factor, and vascular en-
dothelial growth factor, promote cell proliferation and tissue repair 
[18]. Trastuzumab-resistant cells have been more likely to exhibit 
elevated IGF-1R signaling [19]. Increased signaling via IGF-1R 
has been involved in a reduced response to trastuzumab in breast 
cancer cells in vitro [20]. In recurrent breast cancer, IGF-1R has 
been shown to heterodimerize with HER-2 [21, 22]. Elevated 
levels of  IGF-1 are associated with an increased risk of  both the 
development and recurrence of  breast cancer, primarily due to its 
roles in myogenesis and anti-apoptotic activities. The co-inhibi-
tion of  HER-2 and IGF-1R inhibits the proliferation of  HER-2+ 
breast cancer cells. Specifically, trastuzumab-resistant breast can-
cer cells exhibit crosstalk between IGF-1R and HER-2 signaling 
since IGF-1R physically interacts with HER-2.

This study aimed to explore the potential of  CTLA-4 and IGF-
1 as biomarkers for predicting the efficacy of  trastuzumab treat-
ment in HER-2-positive breast cancer. This involved analyzing the 
gene expression of  CTLA-4 and serum levels IGF-1 in peripheral 
blood cells and sera to detect the tumor's responsiveness to the tar-
geted therapy trastuzumab.

MATERIAL AND METHODS

Study design and participants   

This longitudinal descriptive observational study followed pa-
tients for one year, covering 17 cycles of  trastuzumab treatment. 
Patients were newly diagnosed, aged over 20 years, non-preg-
nant, and with no history of  cardiac problems or chronic dis-
eases. Participants were recruited from Basrah Oncology Center, 
and all patients were confirmed as HER-2 positive by immu-
nohistochemistry before receiving chemotherapy, radiation, or 
immunotherapy. Age, parity, menstrual history, family history of  
breast cancer, grade and stage of  tumors, body mass index (BMI), 
and smoking history were included in the questionnaire.

Sample collection 

Five milliliters of  venous blood were drawn from each partici-
pant using aseptic techniques. The samples were divided into two 
parts: one in ethylenediaminetetraacetic acid (EDTA) for RNA 
extraction and CTLA-4 expression analysis in peripheral blood 

cells via real-time polymerase chain reaction (PCR), and the oth-
er in a gel tube for serum IGF-1 level measurement.

RNA extraction and analysis 

RNA was extracted from blood samples collected at baseline 
(before trastuzumab treatment), after 9 cycles, and at the end of  
the 17-cycle trastuzumab therapy, using the GENOM kit pro-
tocol for whole blood. The purified RNA was frozen at -70 de-
grees Celsius using a deep freezer (Nuaire, Japan). The amount 
and quality of  extracted RNA were measured with a spectro-
photometer (NanoDrop) by observing its absorption at 260 and 
280 nanometers. The AccuPower® PCR PreMix dNTPs kit (Bi-
oneer, Korea) was used to convert 5 µg of  total RNA into cDNA. 
Gene-specific primers were used to amplify the mRNA expres-
sion of  CTLA-4 and beta-actin. The primers were purchased 
from Macrogen Company and Alpha DNA, Canada (Table 1). 

Real-time PCR data analysis 

Beta-actin was used as an internal control (housekeeping gene) 
for real-time PCR. Calculations were made to determine the 
mRNA expression of  CTLA-4 in proportion to beta-actin and 
the intensity of  the fluorescence signals for these genes. Results 
were expressed as fold changes in CTLA-4 expression relative to 
beta-actin.

Serum insulin-like growth factor-I (IGF-1) assay

IGF-1 levels were measured using electrochemiluminescence 
(ECL) assays (cobas e) in samples taken at baseline and after 17 
cycles of  trastuzumab therapy. The normal value for IGF-1 is 
age-dependent. The average serum concentration lies some-
where between 174 and 355 ng/ml. 

Statistical analysis   

All analyses were performed using SPSS software version 24.0. 
The normality of  the variables was determined using the Shap-
iro–Wilk test. Any non-parametric variables were analyzed using 
the Kruskal–Wallis test; otherwise, one-way ANOVA was used 
for parametric data. Statistically significant results were consid-
ered if  the p value was equal to or less than 0.05. The Livak 
method (Delta-Delta Ct) was used for qRT-PCR data analysis.

RESULTS

A total of  50 patients were enrolled in the study. Among them, 
60% were younger than 50 years, while the remaining 40% were 
50 years or older. Regarding menopausal status, 48% were pre-
menopausal. The majority (68%) had children, and six partici-

Table 1.  Primer sequences for CTLA-4 and Beta-Actin (β-actin)

Gene Primer sequence [10]

CTLA-4 Forward
CTLA-4 Reverse
β-actin Forward
β-actin Reverse

CTTCAGTCACCTGGCTGTCA
CTCAGCTGAACCTGGCTACC
GGACTTCGAGCAAGAGATGG
AGCACTGTGTTGGCGTACAG
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pants were single (not married). All patients were non-smokers, 
and 18% reported a family history of  breast cancer (Table 2).

According to tumor-node-metastasis (TNM) staging of  breast 
cancer, 4% of  patients were in stage I, 54% were in stage II, and 
42% were in stage III. Out of  all tumors, 50% were classified as 
grade II, while the other half  were classified as grade III. Thir-
ty-three of  the patients received the ACT chemotherapy protocol 
(Adriamycin, Cyclophosphamide, and Taxol), whereas 17 (34% 
of  the total) received the ACD chemotherapy protocol (Adriamy-
cin, Cyclophosphamide, and Docetaxel). Only 18% of  patients 
had a BMI within the normal range, 34% were overweight, and 
the largest percentage, 48%, were categorized as obese. Twelve 
percent of  participants in this research developed recurrence af-
ter one year of  trastuzumab treatment (Table 3).

Fold change expression of CTLA-4

The gene expression of  CTLA-4 mRNA was quantitatively 
analyzed using real-time qPCR. We employed a relative expres-
sion assay and used the ΔΔCT (Delta Cycle Threshold) meth-
od to calculate the fold change in expression. The β -Actin gene 
served as the internal control (housekeeping gene), and its value 
was subtracted to normalize the results. The expression level of  
CTLA-4 in the control sample (taken at cycle 1 of  the treatment) 
was set as the baseline (normalized to 1). The expression levels 
of  CTLA-4 showed a significant increase during the course of  
treatment. By the 9th cycle, the expression had risen to 2.5 times 
the baseline level, and it continued to increase until it reached 4.6 
at cycle 17 (Figure 1). 

CTLA-4 mRNA levels in the total RNA samples were quan-
tified using RT-qPCR and normalized against β-Actin levels. 
Analysis showed CTLA-4 mRNA upregulation, increasing 2.5-
fold by cycle 9 and 4.6-fold by cycle 17. A significant increase 
in CTLA-4 expression was observed at cycle 17 in patients with 
both recurrent and non-recurrent breast cancer post-trastuzum-
ab therapy (p-value<0.05) (Table 4).

IGF-1 levels were high among newly diagnosed HER-2 posi-
tive patients before starting trastuzumab therapy (normal value: 
174-335 ng/ml). However, after the completion of  trastuzumab 
therapy, a statistically significant reduction in serum IGF-1 levels 
was observed (p-value=0.001) (Table 3). The median IGF-1 val-
ues were 416 and 401 ng/ml before and after trastuzumab thera-
py, respectively, indicating significantly high levels of  this growth 
factor among patients who later experienced recurrence. There 
was a significant decrease in IGF-1 level at the end of  the study 
after completion of  trastuzumab therapy in patients who did not 
experience recurrence (Tables 5 and 6). A positive correlation 
was also observed between BMI at the end of  treatment and the 
expression of  CTLA-4 at cycle 9 in patients who experienced 
recurrence (Figure 2).

There was no significant relationship between CTLA-4 ex-
pression at cycle 9 and BMI after trastuzumab therapy at the end 
of  the study in patients without recurrence (Figure 3).

DISCUSSION

Breast cancer is the most common form of  malignancy affect-
ing Iraqi women, accounting for one-third of  all cancers [21, 22]. 
HER-2-positive breast cancers account for more than twenty 
percent of  cases and have a high rate of  disease recurrence and 
mortality [23]. Given the increasing incidence of  breast cancer 

Table 2. Demographic characteristics of patients

Factors No. %

Age
   Age <50
   Age ≥50

30
20

60
40

Menopausal status
   Premenopausal 
   Menopausal

24
26

48
52

Parity status
   Pluriparous 
   Nulliparous 
   Not married

34
10
6

68
20
12

Family history of breast cancer
   Positive
   Negative

9
41

18
82

Smoking history
   Non-smoker
   Smoker

50
0

50
0

Table 3. Clinical and histopathological features of patients

Variables  No. %

TNM stage 
   I
   II
   III

2
27
21

4
54
42

Tumor grade 
   Grade 2
   Grade 3

25
25

50
50

Estrogen receptor status
   Positive 
   Negative

9
41

18
82

Progesterone receptor status 
   Positive 
   Negative

9
41

18
82

Chemotherapy protocol
   ACT
   ACD

33
17

66
34

Recurrence post-trastuzumab treatment
   Yes 
   No

6
44

12
88

TNM: tumor-node-metastasis; ACT: adriamycin, cyclophosphamide, and 
taxol;  ACD: adriamycin, cyclophosphamide, and docetaxe

Figure 1. CTLA-4-fold change in peripheral mononuclear cells 
among patients with HER-2 positive breast cancer during Tras-
tuzumab therapy 
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and HER-2 mutation, identifying new biomarkers to correlate 
with therapeutic response is crucial. Our study focused on evalu-
ating the gene expression of  immune checkpoint genes in the pe-
ripheral blood and investigating the relationship with the clinical 
status of  patients with breast cancer. Patients' ages were analyzed 
across 50 people who received trastuzumab therapy for a year. 
The findings align with the observation that HER-2-positive can-
cers tend to be more prevalent in women under the age of  40 
[24]. We observed a significant up-regulation in the gene expres-
sion of  CTLA-4, which became evident as early as cycle 9, with a 
2.5-fold increase and continued to increase throughout the tras-
tuzumab therapy, reaching a peak of  4.6 at cycle 17. CTLA-4 is a 
key inhibitory immune checkpoint molecule normally expressed 
at low levels on the surface of  naive T cells and T regulatory cells 
(T-Reg). However, CTLA-4 expression can be up-regulated in 
response to T-cell receptor stimulation.

Such stimulation is triggered by different molecules, such as 
kinases, phosphatases, and phospholipases, which account for 
the expression of  immune checkpoint molecules in these effec-
tor cells (CD8, CD4, and T-Reg) [25]. The finding implies that 
in response to trastuzumab, expression of  CTLA-4 in periph-
eral cells may be important in modulating patients' immune re-
sponses and cancer defenses. During the follow-up period, the 
expression of  CTLA-4 was significantly higher among patients 
who developed recurrence at the end of  therapy (p-value=0.05). 
Up-regulated gene expression of  CTLA-4 on T cells, as well as 
interaction with its ligand on T cells (T-regs), leads to decreased 
T cell proliferation and functional activity [26]. We also found 
a positive correlation between patients' BMIs after trastuzumab 
treatment and their CTLA-4 expression at cycle 9. This suggests 
that overweight individuals may have an increased CTLA-4 ex-
pression, which in turn inhibits T-cell activation and increases the 
risk of  trastuzumab non-responsiveness and tumor recurrence 
[27]. Prolonged antigen exposure, which is common in cancer, 
can lead to tolerized T cells via CTLA-4 expression. In addition, 
as CTLA-4 has both intrinsic and extrinsic routes of  action, it 
inhibits cell cycle and interleukin-2 (IL-2) production, resulting in 
immune response blockade [28]. In fact, increased expression of  
CTLA-4 is associated with diminished immune defense against 
the tumor.

CTLA-4 is involved in both the intrinsic and extrinsic path-
ways during its impact on the cell cycle and its influence on the 
cell stimulation for interleukin-2 production, thereby leading to 
the control of  immune responses [29]. An increase in inhibito-
ry gene expression may be due to tumor overactivity during this 

Table 4. CTLA-4 expression fold change in patients with and with-
out breast cancer recurrence

Recurrence
status

Fold 
change at 
baseline

Fold change
at cycle 9

Fold change at 
cycle 17

Yes N 6 6 6

Mean 1 1.44 6.65

No N 44 44 44

Mean 1 2.55 4.01

p-value* 0.601 0.541 0.05

Table 5. Comparison of IGF-1 levels before and after one year of 
Trastuzumab therapy

IGF-1 (ng/ml) 
baseline 

IGF-1 (ng/ml) 
cycle-17

No. 50 50

Median 364.75 185.8

SD 61.33 110.69

p-value 0.002 0.0001

Figure 2. Correlation between CTLA-4 at cycle 9 and BMI in pa-
tients with recurrence

Figure 3. Correlation between CTLA-4 expression and BMI in pa-
tients without recurrence

Table 6. Comparison of IGF-1 levels in patients with and without 
recurrence

Recurrence status IGF-1 
baseline

IGF-1 at the end 
of Trastuzumab

Yes N 6 6

Median 416 401

SD 41.06 80.6

No N 44 44

Median 363.65 178.4

SD 58.17 93.17

p-value 0.003 0.0001
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