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Insulin-like growth factor (IGF) levels in pre-treatment plasma
identifying breast cancer: A case control study

Abstract

Background: Diabetes (primarily type 2) is linked to a higher risk of breast cancer.
Insulin-like growth factor (IGF) is one of the most important factors that affects mitosis
and thus inhibits apoptosis. The purpose of this study was to compare the pre-treatment
insulin-like growth factor (IGF) levels in breast cancer against normal population.
Methods: In this case-control study, 60 patients with breast cancer and 60 healthy
controls were enrolled in 2017 and 2018 at Tehran's Shahid-Modarres Hospital. In this
study, the blood sugar of the patients was examined before entering the study, and the
age of the patients was also within the age limit of 18 to 70 years. They were studied to
determine the relationship between insulin-like growth factor (ELISA method) and
breast cancer.

Results: Both groups have similar IGF-1 levels (Ctrl and Case) (P=0.188). But, IGF-2
levels were significantly higher in breast cancer patients (373.4 vs. 317.3 ng/ml),
(P=0.0001).

Conclusion: According to our study, IGF-2 may serve as a prognostic biomarker and
potential therapeutic target for breast cancer. However, further investigation is needed
to validate this claim.
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Breast cancer is a common malignancy worldwide with increasing trend despite
medical adventures (1, 2). It is the most prevalent type of cancer in women, affecting
almost one in every eight female patients in the United States (3-5). Hormones including
estrogen and progesterone and insulin-like growth factor (IGF-1) are contributing
factors for breast cancer due to proliferative effects (5, 6). IGF are effective in growth,
proliferation, and differentiation by cellular effects (1, 4, 7).

This system has two superficial cellular receptors (IGF-1R, IGF-2R), two legends
(IGF1, IGF-2) and six binding proteins (IGFBP) and there is membranous receptor for
metabolic effects especially with mitogenic and anti-apoptotic properties (1, 4, 7, 8).
Certain types of cancer, such as colon, prostate, melanoma, lung, breast, osteosarcoma,
and pediatric malignancies, have been linked to elevated IGF-1 levels (4, 7, 8).
Additional associations are demonstrated between elevated IGF-2 and colorectal cancer,
as well as between IGFBP-3 inhibition and osteosarcoma (8, 9).

Also IGF pathway is shown to be related to increased morbidity and mortality of
cancers due to chemotherapy and radiotherapy resistance and high morbidity and
reduced survival (4, 10). Increased IGF-1R is shown to be related to tamoxifen
resistance in breast cancer cases (11). It may be related to decreased efficacy of
trastuzumab in breast cancer cases with some degrees (4). It is not yet clear that
increased expression of IGF-1 gene is directly related to breast cancer risk or it is due to
menopausal status, estrogen receptor, and IGFBP-3 (8). Also, definite prognostic role
of IGF-1 in breast cancer cases is not yet understood (10-12).
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Although the IGFBP-3 is decreased in breast cancer
cases, it may be seen as gene over-expression in highly
invasive breast malignancies (12). The purpose of this study
was to gain a better understanding of how insulin-like
growth factor (IGF) levels in pre-treatment plasma serve as
a biomarker for breast cancer.

Methods
Patients, blood sample: In this case-control study, 60
randomly-selected cases with breast cancer and 60 control
subjects attending to Shahid-Modarres Hospital in Tehran,
Iran in February 2017 and Jeanery 2018 were enrolled.
Patients recruited to this longitudinal study provided
informed written consent. Inclusion criteria were age range
from 18 to 70 years, established breast cancer cases by
imaging and pathology in case group. Among these women
(n=60), n=26 premenopausal and n=34 postmenopausal)
were found. The exclusion criteria were non-established
breast cancer in case group and undetermined serum level
of IGF-1 and IGF-2. The study was approved by local Ethics
Committee in Shahid-Beheshti University of Medical
Sciences. Two groups were matched for age, body mass
index, and diabetes mellitus history. The blood sample was
obtained by venous sampling and it was rapidly centrifuged.
The extracted plasma was reserved in -80 centigrade degree
till all samples were collected.
Measures: Patients with diabetes were excluded from the
study. BMI was determined through the measurement of
height and weight at the baseline assessment. Participants in
the study groups did not receive any treatment, including
surgery, chemotherapy, or radiation therapy, until sampling.
ELISA investigations: Serum IGF-1 and IGF-2 levels were
measured by double antibody sandwich ELISA according
to the manufacturer's instructions (DY291, DY871, R&D
Systems, USA).

Briefly, 96-well microtiter plates were coated with 100

pL/well of capture antibody (mouse anti-human IGF-1 or
IGF-2, 4.0 ng/mL) overnight at 4°C. After blocking with
3% BSA, 100 pl of the test tests 1 100 weakened in 1 BSA
was included and brooded for 2 h at room temperature.
Along these lines, 100 I well of the discovery counter acting
agent biotinylated goat anti human IGF 1 150 ng ml or IGF
2 400 ng ml was included and brooded for 2 h at room
temperature. Following, 100 | well of Streptavidin HRP 1
200 was included and brooded for 20 min at room
temperature. At long last, the substrate
tetramethylbenzidine arrangement was included, and the
response was ended utilizing 2 N H2SO4 and examined at
an OD of 450 nm. Each test included a standard control CV
12.
Statistical Data Analyzes: All data analyses were
performed using GraphPad Prism v 8. T-tests were used to
assess differences in IGF-1 and IGF-2 serum levels between
study patients and healthy controls. A p-value is indicated
as statistically significant at the level of <0.05.

Results

Patient characteristics: The clinical and molecular
characteristics of breast cancer patients are summarized in
tables 1 and 2. The mean age was 51.35 + 10.88 and 47.76
+ 5.71 in the case and control groups, respectively (p >
0.05). The mean BMI was 28.28 + 4.95 and 27.38 + 4.01 in
the case and control groups, respectively (p> 0.05).

Serum IGF1 and IGF2 levels: As shown in figures 1 and
2, both groups have similar IGF-1 levels (Ctrl and Case) (P=
0.188), and the IGF-2 was higher in case group and the
difference was statistically significant (P=0.001). There was
no significant difference according to age for IGF-1 but
about the IGF-2 levels, in ages older than 60 years there was
significantly higher levels (P=0.037).

Tablel. Clinico-pathological characteristics of patients

Parameter

category Number

Stage | 31
1 12
I 17
Grade | 35
| 20
Il 3

Unknown 2
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Parameter category Number
N staging NO 30
Ni 19
N2 7
N3 3
NXx 1
T Staging Tl 35
T2 19
T3 4
T4

Table2. Molecular characteristics of patients
Molecular subtypes Stage TNM Pathology HER-2 PR ER case

1

Luminal A IV TIN2M1 - + 4 2
TN - - - 3
TN 1B T2N1MO = = = 4
Luminal A IA° TINIMO Invasive ductal - + + 5
TN IIA- T2NOMO Invasive ductal - - - 6
Luminal B IIA- T2NOMO + + + 7
Luminal A = + + 8
Luminal B Invasive ductal + + + 9
Luminal A IV T2NiM1 - + + 10
Luminal B A TIN2MO + + + 11
Luminal A IA TINOMO Invasive lobular - + T 12
Luminal A 1B T2N1MO Invasive ductal - + + 13
14

15

Luminal A 1B T2N1MO Invasive ductal - + T 16
HER2 IIA° T2N2MO Invasive adenocarcinoma + - - 17
Luminal A Invasive lobular - + T 18
Luminal A IIA- T2NOMO Invasive ductal - + + 19
Luminal A 1B T2N1MO = + + 20
HER2 lIA T2NOMO Invasive ductal + - - 21
Luminal A IV T2NOM1 - + 4 22
Luminal A IV TIN1IM1 - + + 23
HER2 IV  TiIN2M1 + = = 24

Luminal B v T2N3M1 Invasive ductal + - + 25
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Molecular subtypes Stage @ TNM Pathology HER-2 PR ER case
IV T3N1IM1 Papillary cancer 26

Luminal B 1B T2N1MO + + + 27
Luminal A 1B T2N1MO Invasive ductal - + + 28
IIA T2NOMO - - + 29

30

Luminal A 1B T2N1MO - + + 31
Luminal A lIA  TIN1MO = + + 32
Luminal A 1B T2N1MO - + + 33
Luminal A IV T2N2M1 - + + 34
Luminal A Intraductal carcinoma - + + 35
36

Luminal A - + + 37
38

1A T2NOMO 39

TN lIA  T2NOMO - - - 40

41

Luminal A IIA° TIN1IMO Invasive ductal - + T 42
Luminal A Invasive ductal - + + 43
Luminal A A  T1IN2MO Invasive ductal - + T 44
Luminal A 1B T2N1MO - + + 45
Luminal A IV T3N2M1 - + + 46
Luminal B IV T2N1M2 + + + 47
HER2 Invasive ductal AF - - 48
Luminal A 1B T2N1MO Invasive ductal - + + 49
Luminal A 1B T2N1MO Invasive ductal - - T 50
TN 1B T2N1MO - - - 51
TN IV T2N3M2 Invasive ductal = = = 52
Luminal B IV T3N2M1 + + + 53
Luminal B A T2N2MO + + + 54
Luminal B 1B T2N1MO + + + 55
Luminal A 1A T2NOMO = + + 56
Luminal B IV TINIM1 Invasive ductal + + + 57
Luminal B Invasive ductal & + + 58
Luminal A Invasive ductal - + + 59

HER?2 1153 T2N1MO Invasive ductal + - - 60
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Figure 1. Serum level of IGF-1 across the groups

Discussion

Peptide hormones in IGF class can regulate the growth
by cellular stimulation and inhibition of apoptosis that can
affect the tumor growth pattern (13, 14). Since breast cancer
has shown an increasing trend in recent years, in this study
the serum levels of IGF-1 and IGF-2 were compared
between breast cancer cases and normal control subjects.
This study showed a significant increase in IGF-2
concentration in serum levels of patients with breast cancer
compared to healthy age-matched women. Also, IGF-1
level was higher in case group but without significant
difference. IGF-1 is known to promote cancer development
by inhibiting apoptosis and stimulating cell proliferation. In
the current study, have reported a positive association
between circulating IGF-1 levels and various primary
cancers, including breast cancer, colon cancer, and prostate
cancer (13-15).

The loss of imprinting of IGF2 and an overexpression of
this growth factor gene have been reported in a wide range
of cancer (16, 17). Ulrick Espelund et al (5) assessed 43
early-stage breast cancer cases and reported higher serum
IGF-1 and IGF-2 levels versus healthy subjects. In this
study, IGF was reported as a contributing factor for
progression of breast cancer. As a limitation in our study,
the stage of malignancy was not considered. But it may be
also assessed by further studies. The relationship between
IGF-1 and IGFBP-3 and breast cancer risk was examined by
the Endogenous Hormones and Breast Cancer
Collaboration Group (6).

The authors reported that IGF-1 level was related to age
in first pregnancy and height. Also, it has reverse correlation
with menarche age and the interval with menopause and its
level is higher in overweight cases and alcohol users. They
also found a significant difference between IGF-1 levels
across the groups but IGFBP-3 was similar (18). Studies

ctrl case

Figure 2. Serum level of IGF-2 across the groups

have shown that IGF-1 gene expression increases in breast
cancer. IGF-1 and IGF-2 effects in growth, proliferation and
tumor genesis is mediated by IGF-1 receptor (19-21).
IGFBP3 inhibit IGF-1 effects by preventing its binding to a
surface receptor (IGF-1R) and interferes with IGF-1
mitoses action (22-24). Figure 3 briefly illustrates the role
of IGF-1 and IGF-2 in tumor formation. IGF-1 and IGF-2
both stimulate the IGF-1 receptor and activate its
downstream signal. IGF-1 receptor affects metabolism,
proliferation, cell growth and apoptosis in two different
ways. IGF1 receptor is composed of two aff dimers which
associate to form heterotetrameric complexes (25-28).

The af dimers are connected by disulfide bonds, and two
further dimers are likewise connected via disulfide bonds to
create the tetramer. The cytoplasmic component of the
subunit interacts with IRS proteins, which are important
intracellular mediators of insulin/IGF signaling, whereas
the B subunit spans the membrane. The o subunit is the
receptor's extracellular portion. (29, 30). IGF1 receptor
signaling is mediated by a complex, highly integrated
network that controls several processes. Two pathways are
activated by IGF1 receptor signaling, the ATK/PI3K
pathway and the ERK/MAPK pathway, which are important
in several cellular processes such as metabolism, cell
growth, proliferation, and apoptosis. The B subunits are
phosphorylated when IGF1/IGF2 binds to the IGF1
receptor, and the receptor tyrosine Kkinase then
phosphorylates IRS proteins on their tyrosine residues. (31,
32). Overall, this study showed significant concentrations
IGF-1 and IGF-2 increase in serum levels of people with
breast cancer. But no relationship was found between IGF-
1 and IGF-2 serum levels and age, and we suggest a large-
scale study with more groupings. However, the results of
our study indicate an association between IGF-1 and IGF-2
with breast cancer.
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Figure 3. Simplified view of IGF-1 and IGF-2 signaling. IGF-1 and IGF-2 have effects on cell growth, metabolism,
proliferation and apoptosis by activating the IGF-1 receptor.
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