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Background: Malignant tumor is a serious threat to human health and life, which is a difficult problem in
the world. Insulin-like growth factor 1 (IGF1) is an important mitotic factor iz vive. It usually acts in the way
of autocrine and paracrine to control the proliferation, differentiation, and apoptosis of various cells, IGF1
has a strong mitotic and anti-apoptosis activity in malignant cells. Single nucleotide polymorphism (SNP)
is an important part of individual genetic variation. A large number of studies have shown that IGF1 SNP
associated with the risk of a malignant tumor may be an important biomarker for the diagnosis of malignant
tumors. Therefore, the article will investigate the association between rs5742612 polymorphism of IGF1
gene and malignant tumor susceptibility.

Methods: We searched for studies in five databases (PubMed, Embase, Web of Science, CNKI and
Wanfang) regarding the association between IGFI gene rs5742612 and malignant tumor susceptibility. Odds
ratios (ORs) and the related 95% confidence intervals (Cls) were employed to assess the strength of the
associations.

Results: Ultimately this study identified seven articles that met the inclusion criteria, involving 2,581 cases
and 2,445 controls. There was no significant correlation between IGFI gene rs5742612 polymorphism and
malignant tumor susceptibility [thymidine (T) vs. cytimidine (C), OR =0.99, 95% CI: 0.85-1.15, P=0.91; TC
vs. CC: OR =1.03, 95% CI: 0.81-1.32, P=0.79; TT vs. CC: OR =0.92, 95% CI: 0.73-1.17, P=0.52; TT + TC
=0.91; TC vs. CC: OR =0.97, 95% CI: 0.77-1.22, P=0.80; TT vs. TC + CC: OR =0.98, 95% CI: 0.81-1.18,
P=0.83].

Conclusions: There was no significant association detected between IGFI gene rs5742612 polymorphism

and malignant tumor susceptibility.
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Introduction malignant tumors (1). To some extent, a malignant tumor

is a hereditary disease, but environmental factors and
Malignant tumors are currently one of the most serious other non-hereditary factors also play a significant role in
diseases that endanger human health. There is an many stages of tumor genesis and development (2). It is

inseparable relationship between environment, gene, and now believed that genetic factors alone can only explain
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a small part of the pathogenesis of tumors, while the
pathogenesis of most tumors is attributed to the synergistic
effect between external environmental factors and the
susceptibility to malignant tumors (3). It is worth noting
that some of the susceptibility to malignant tumors comes
from the diversity of the human genome, and related factors
include pollution, smoking, drinking, overweight and
infection (4).

In recent years, more and more attention has been paid
to the role of insulin-like growth factor 1 (IGF1) in the
genesis and development of malignant tumors (5). IGF1
is a growth factor involved in a large amount of significant
biological and pathological processes (6). The important
function of IGF1 is to promote cell proliferation and inhibit
cell apoptosis, which is involved in the development of
malignant tumors (7). Human IGF1 is just a little molecule
of single-chain polypeptide composed of 70 amino acids (8),
and its coding gene is located in 1.2Q22-24. It is an essential
mitotic factor in vive, which can promote cell proliferation
and inhibit cell apoptosis. It often acts in autocrine and
paracrine ways and controls the process of proliferation,
differentiation, and apoptosis of various cells. In normal
cells, IGF1 is not required, but in malignant cells, IGF1
has strong mitogenicity and anti-apoptotic activity (9).
IGF1 can promote the differentiation and growth of tumor
cells by secreting or paracrine tumor cells. Exogenous as a
growth factor can also promote the growth of tumor cells. It
makes up its receptor and activates phosphatidyl-nositol3-
kinase (PI3K/Akt) signaling pathway and mitogen-activated
protein kinase (MAPK) signaling pathway inhibiting
tumor cell apoptosis and promote cell proliferation,
respectively (10). Single nucleotide polymorphism (SNP)
is an important part of individual genetic variation. IGF1
SNP associated with malignant tumor risk may serve as
an important biomarker for the diagnosis of a malignant
tumor (8-10). The study of twins shows that 40-60% of the
individual variation of circulating IGF1 level depends on
genetic factors, and the level of circulating IGF-1 is greatly
influenced by SNP. Studies have shown that some IGF1
SNPs influence IGF1 levels in plasma, which affect the risk
of the malignant tumor.

rs5742612 is located in the promoter region of the IGFI
gene, which may lead to selective splicing, which in turn
leads to changes in protein function (11). It is reported that
the substitution of G to C at the rs5742612 site leads to an
increase in plasma IGF1 levels, which increases the risk of a
malignant tumor (12).

Many epidemiological pieces of research have shown
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that SNPs of the IGFI gene may be associated with
malignant tumor risk (13). In the study of several common
IGF1 gene polymorphisms, rs5742612 attracted much
attention (12-14). However, studies on the relationship
between rs5742612 and malignant tumor susceptibility
are inconsistent. For example, Wong ez 4l. (15) reported
that rs5742612 was associated with the clinical prognosis
of colorectal malignant tumor, but Mahmoudi ez 4/. (16)
showed that rs5742612 was not related to the susceptibility
of the colorectal malignant tumor.

Given the differences between these studies, this study
performed a meta-analysis of the association between
rs5742612 and malignant tumor susceptibility. In a meta-
analysis of 7 included articles, the results showed that the
correlation between rs5742612 polymorphism of IGF1
gene and malignant tumor susceptibility was not significant.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2005).

Methods
Search strategy

The study searched for related research in five databases:
PubMed, Embase, Web of Science, CNKI, and Wanfang.
Search conditions limit language to English and Chinese,
publication data before January 25, 2020. Use the following
keywords: “IGF1 or insulin-like growth factor 1 or IGF-
1 or IGF or rs5742612”, “cancer or malignant tumor
or tumor or carcinoma”, and “SNP or single nucleotide
polymorphism or polymorphism or mutation”. The study
also examined the references to the identified articles
to make sure that we have access to all possibly relevant
studies.

Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis are as follows: (I)
focus on the relationship between rs5742612 and malignant
tumor susceptibility; (II) a case-control or cohort studies;
(II) provide sufficient genotyping data to summarize the
results (the genotype frequencies of TT, TC, and CC in
case group and control group can be provided directly or
calculated according to the data provided). The exclusion
criteria are as follows: (I) exclude subjects with fewer
subjects when subjects from both studies overlap; (II)
exclude meta-analysis.
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Table 1 Quality assessment standard table

Zhou et al. Meta-analysis of IGF1 gene polymorphism and tumor

Criterion Score

A Case source

Selected from the population or malignant tumor registry 3

Selected from the hospital 2

Selected from the pathology file but without description 1

Without description 0
B Control source

Based on population 3

Blood donor or volunteer 2

Hospital (no malignant tumor patients) 1

Without description 0
C Sample for determining genotype

White blood cell or normal tissue 3

Tumor tissue or tissue exfoliation cells 2

Without description 0
D Hardy-Weinberg equilibrium in the control group

Balance 3

Imbalance 0
E Total sample size

>1,000 3

>500 and <1,000 2

>200 and <500 1

<200 0

Data extraction

The two researchers extracted the following information
from the included studies: first author name, year of
publication, country, type of malignant tumor, ethnicity,
genotyping method, control source, genotype distribution
in case and control groups, and Hardy-Weinberg
equilibrium.

Quality score

The quality of inclusion in RCT was evaluated from case
source, control source, samples used to determine genotype,
Hardy-Weinberg balance in the control group, and total
sample size (Table 1). The full score is 15 points. The
Newcastle Ottawa scale (NOS) was used to evaluate the
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methodological quality independently by two researchers.
The differences are resolved through debate before an
agreement is reached. Studies with high methodological
quality should have a score of 5 or above.

Statistical analyses

RevMan software (version 5.3; Cochrane, London, UK)
was used for statistical analysis. P value, odds ratio (OR),
and 95% confidence interval (CI) were used to evaluate
the correlation. For rs5742612, allele comparison (T wvs.
C) and codominant genotype comparison (T'T vs. CC
and TC vs. CC), dominant model (T'T + TC vs. CC), and
recessive model (TT vs. TC + CC) were examined. The
heterogeneity was evaluated by inconsistent index I’ and
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Records identified through database
searching or other sources (n=2,572)

Y

Records after duplicates removed
(n=2,080)

Y

Y

2073

Records screened (n=2,080)

Y

Full-text articles assessed for eligibility

Records excluded after reading title and abstract removed
(n=1,947)

Y

(n=133)

Y

Articles included in qualitative synthesis
(n=7)

Y

Studies included in qualitative synthesis
meta-analysis (n=7)

Full-text articles excluded, with reasons (n=126)

76: Not about SNP and malignant tumor susceptibility
19: Not contain sufficient genotype data

31: Not focus on selected SNP

Figure 1 Literature retrieval and inclusion flow chart. SNP, single nucleotide polymorphism.

chi-square test. The fixed-effects model can be employed
to evaluate the set when the I’ value is less than 50%,
which indicates that the heterogeneity is not statistically
significant; otherwise, the random-effects model can be
employed. The published bias was examined by Begg’s test.

Results
Search results and patient characteristics

After eliminating duplicates, 2,080 related articles were
obtained by database retrieval. Then, by filtering the title and
summary, we excluded 1,947 articles and left 133 articles. After
reading the full text, we finally identified 7 articles that met
the inclusion criteria., including 2,581 cases and 2,445 controls
(Figure 1). The characteristics of the identified 7 articles are
shown in Table 2. In the seven studies, six were performed in
the Asian population and one in the European population. Of
these, 1 involved colorectal cancer, 1 involved breast cancer,
2 involved gastric cancer, 2 involved prostate cancer, and 1
involved osteosarcoma. The quality scores of 6 studies were
not less than 12 points. The genotypic distribution of the cases
and the control group were shown in Table 3.

Association between 755742612 and malignant tumor
susceptibility

Table 4 shows the general results of the Meta-analysis.
No statistically significant evidence showed that IGF1
(rs5742612) SNP was associated with malignant tumor
susceptibility (T vs. C, OR =0.99, 95% CI: 0.85-1.15,
P=0.91, Figure 2; TC vs.CC: OR =1.03, 95% CI: 0.81-1.32,
P=0.79, Figure 3; T'T vs. CC: OR =0.92, 95% CI 0.73-1.17,
P=0.52, Figure 4; TT + TC vs. CC: OR =0.97, 95% CI:
0.77-1.22, P=0.80, Figure 5; 'T'T vs. TC + CC: OR =0.98,
95% CI: 0.81-1.18, P=0.83, Figure 6).

Sensitivity analysis

A leave-one analysis is employed to assess the sensitivity
of the identified 7 articles in the meta-analysis. When
any of the studies were deleted, the overall statistical
significance was not reversed, which indicates that the
results remained stable despite the inclusion or exclusion
of Hardy-Weinberg imbalance control groups. Therefore,
the analysis results are relatively stable and credible in the
meta-analysis.
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Table 2 Characteristics of studies and evaluation of quality scores in meta-analysis

Quality
Study Country Tumor Genotyping
A B C D E Score

Henningson 2011 (11) Sweden Breast cancer TagMan 3 3 3 3 1 13
Mahmoudi 2015 (16) Iran Colorectal cancer TagMan 2 2 3 3 2 12
Qian 2014 (17) China Prostatic cancer TagMan 3 3 3 3 2 14
Dong 2016 (18) China Prostatic cancer TagMan 2 1 3 3 3 12
Farahani 2015 (19) Iran Gastric cancer TagMan 3 3 3 0 1 10
Oh 2016 (20) Korea Gastric cancer TagMan 3 3 3 3 3 15
Mao 2017 (21) China Osteosarcoma TagMan 2 3 3 3 1 12

A, case source; B, control source; C, Sample for determining genotype; D, Hardy-Weinberg equilibrium in the control group; E, total
sample size.

Table 3 Genotypic distribution of IGF1rs5742612 polymorphism and allele frequency in cases and controls

Genotypic (n)

Hardy-Weinberg

Study Case group Control group equilibrium
Total T TC CC Total T TC CC

Henningson 2011 (11) 100 58 38 4 110 69 36 5 0.052

Mahmoudi 2015 (16) 339 322 16 1 261 249 11 1 0.877

Qian 2014 (17) 503 245 209 49 227 107 94 26 0.301

Dong 2016 (18) 664 293 292 79 702 361 276 65 0.620

Farahani 2015 (19) 234 134 97 3 272 131 138 3 <0.01

Oh 2016 (20) 568 378 169 21 698 452 209 37 0.673

Mao 2017 (21) 173 76 79 18 175 83 76 16 0.113

T, thymidine; C, cytimidine.

Table 4 Genetic model study on the association between rs5742612 locus polymorphism and malignant tumor susceptibility

Study OR (95% ClI) P ” (%)

Allelic model: Tvs. C 0.99 (0.85-1.15) 0.91 51

Heterozygote model: TC vs. CC 1.03 (0.81-1.32) 0.79 0

Homozygous model: TT vs. CC 0.92 (0.73-1.17) 0.52 15

Dominant model: TT + TC vs. CC 0.97 (0.77-1.22) 0.80 0

Recessive model: TT vs. TC + CC 0.98 (0.81-1.18) 0.83 52

T, thymidine; C, cytimidine.
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Case Control Odds Ratio Odds Ratio
Study or Subgrouy| T Total T Total Weight M-H Random, 95% CI M-H, Random, 95% Cl
Farahani 2015 365 468 400 544 145% 1.28[0.95,1.70) Bl
Henningson 2011 154 200 174 220 8.0% 0.89 [0.56, 1.41] T
Mahmoudi2015 660 678 508 522 3.9% 0.94 [0.45,1.93) Y
Mao 2017 231 346 242 350 131% 0.80[0.65,1.23) -
Qian 2013 699 1006 308 454 17.5% 1.08[0.85,1.37) ™
Sung 2016 925 1136 1113 1396 20.2% 1.11[0.91,1.36) ™
Dong 2016 878 1328 998 1404 22.8% 0.79(0.68, 0.93) .2
Total (95% Cl) 5162 4890 100.0% 0.99 [0.85, 1.15]
Total events 3912 3744
Heterogeneity: Tau®= 0.02; Chi*= 12.37, df= 6 (P = 0.05); F=51% 0 05 0=2 3 5 20’

Test for overall effect: Z=0.11 (P =0.91) Favours [case] Favours [control]

Figure 2 A forest plot of allelic model comparison (T vs. C). T, thymidine; C, cytimidine.

Case Control Odds Ratio Odds Ratio
Study or Subgroup IC Total TC Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Farahani 2015 97 100 138 141 2.7% 0.70[0.14, 3.56) ]
Henningson 2011 38 42 36 41 2.7% 1.32[0.33,5.31) - 1
Mahmoudi2015 16 17 11 12 0.6% 1.45(0.08,625.81) >
Mao 2017 79 97 76 92 11.3% 0.92[0.44,1.94) —
Qian 2013 209 258 94 120 191% 1.18[0.69, 2.01) -1
Sung 2016 169 190 209 246 15.7% 1.42[0.80, 2.53) T
Dong 2016 292 371 276 341 47.9% 0.87 [0.60, 1.26)
Total (95% ClI) 1075 993 100.0%  1.03[0.81, 1.32]
Total events 900 840

Heterogeneity: Chi*= 2.76, df= 6 (P = 0.84); "= 0%

Test for overall effect: Z=0.27 (P = 0.79) 005 02 ! i 20

Favours [case] Favours [control)

Figure 3 A forest plot of heterozygous model comparison (T'C vs. CC). T, thymidine; C, cytimidine.

Case Control Odds Ratio Odds Ratio
Study or Subgroup TT Total IT Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Farahani 2015 134 137 131 134 21% 1.02[0.20,5.16) I
Henningson 2011 58 62 69 74 29% 1.05[0.27, 4.10) ]
Mahmoudi2015 322 323 249 250 0.6% 1.29[0.08, 20.78) >
Mao 2017 76 94 83 99 11.0% 0.81[0.39,1.71) T
Qian 2013 245 294 107 133 17.5% 1.21 [0.72, 2.06) T
Sung 2016 378 399 452 489 15.2% 1.47 [0.85, 2.56) T
Dong 2016 293 372 361 426 50.8% 0.67 [0.46, 0.96) -
Total (95% Cl) 1681 1605 100.0% 0.92[0.73, 1.17] Q
Total events 1506 1452
Heterogeneity: Chi*= 7.07, df= 6 (P = 0.31); F=15% 0 05 0%2 1 5 20*

Test for overall effect: Z= 0.65 (P = 0.52) Favours [case] Favours [control]

Figure 4 A forest plot of homozygous model comparison (T'T vs. CC). T, thymidine; C, cytimidine.
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Case Control Odds Ratio Odds Ratio

Study or Subgroup TT+TC Total TT+TC Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Farahani 2015 231 234 269 272 2.2% 0.86[0.17, 4.30) -

Henningson 2011 96 100 105 110 2.7% 1.14[0.30, 4.38] I

Mahmoudi2015 338 339 260 261 0.6% 1.30(0.08, 20.88] >

Mao 2017 155 173 159 175 11.2% 0.87[0.43,1.76) I

Qian 2013 454 503 201 227 18.3% 1.20[0.72,1.98) I

Sung 2016 547 568 661 698 14.9% 1.46 [0.84, 2.52] T

Dong 2016 585 664 637 702 501% 0.76 [0.53,1.07) i

Total (95% Cl) 2581 2445 100.0%  0.97[0.77, 1.22]

Total events 2406 2292 ) ‘

Heterogeneity: Chi*= 5.02, df= 6 (P = 0.54); "= 0%
Test for overall effect: Z= 0.26 (P = 0.80)

T 1

005 0.2 1 5 20
Favours [case] Favours [control)

Figure 5 A forest plot of dominant model comparison (T'T + T'C vs. CC). T, thymidine; C, cytimidine.

Case Control Odds Ratio Odds Ratio
Study or Subgroup 1T Total IT Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Farahani 2015 134 234 131 272 14.9% 1.44[1.01, 2.05) =
Henningson 2011 58 100 69 110 8.5% 0.82[0.47,1.43) — =
Mahmoudi2015 322 339 249 261 5.2% 0.91[0.43,1.95) B
Mao 2017 76 173 83 175 12.2% 0.87[0.57,1.32) T
Qian 2013 245 503 107 227 16.6% 1.06 [0.78, 1.46) -
Sung 2016 378 568 452 698 20.8% 1.08[0.86, 1.37) ™
Dong 2016 293 664 361 702 21.9% 0.75(0.60, 0.92) -
Total (95% Cl) 2581 2445 100.0% 0.98[0.81, 1.18]
Total events 1506 1452
Heterogeneity: Tau?= 0.03; Chi*= 12.51, df = 6 (P = 0.05); I*= 52% 0 05 0=2 ] 5 20=

Test for overall effect: Z=0.22 (P = 0.83)

Favours [case] Favours [control]

Figure 6 A forest plot of recessive model comparison (TT vs. TC + CC). T, thymidine; C, cytimidine.

Publishing bias

The publication deviation in the included study was

evaluated by Begg’s test. No publication deviation was

found in the current meta-analysis (Figure 7).

Discussion

The susceptibility to malignant tumors is influenced by
many factors, such as genetic factors, environmental factors,
hormone disorders, and infection (16). Although the exact
mechanism of a malignant tumor is still unclear, the genetic
factors such as IGF1 gene, estrogen receptor 1 gene and
ladybug homologous box 1 gene are closely related to the
occurrence and development of malignant tumor (17).
Among them, IGF1, as a growth factor, has a wide range of
physiological functions, which can control the proliferation,
differentiation and apoptosis of various cells. The

© Translational Cancer Research. All rights reserved.

differential expression of the IGFI gene may be involved in
the development of malignant tumors (15-17).

Moreover, some researches have shown that the T/C
polymorphism in the promoter region of the IGFI gene may
affect the level and functional activity of IGF1 protein (18). It
is reported that many SNP is associated with the susceptibility
to malignant tumors, so they may be an important biomarker
for the diagnosis of malignant tumors potentally (19).

Many studies have confirmed that several IGF1 SNPs are
associated with susceptibility to malignant tumors. This SNP
includes rs6214, rs6220, rs35767, and rs5742612. It is reported
that the substitution of G to C at the rs5742612 site leads to
an increase in plasma IGF1 levels, which increases the risk of
the malignant tumor (20). Since rs5742612 has a relatively
small frequency of about 10-40% in the population included
in the third phase of the Human 1000 Genome Project, so
this study pays special attention to rs5742612 (21). Recently,
related studies have explored the relationship between IGF1
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Figure 7 Publish bias test funnel diagram: (A) allele model, (B) homozygote model, (C) heterozygote model, (D) dominant model, (E)

recessive model.

rs5742612 SNP and the genesis and development of malignant
tumors, but the results are not consistent. Leroy ez a/. (22)
studied the genotyping of IGFI gene rs5742612 SNP, which
includes 87 malignant tumor cases and 87 nationalities and
gender-matched control, healthy people. The results showed
that there was a significant association between IGFI gene
rs5742612 SNP and malignant tumor susceptibility in the
Chinese population. However, Mahmoudi ez /. (16) showed
that rs5742612 SNP was not associated with colorectal cancer
susceptibility.

In this meta-analysis, we conducted a comprehensive and

© Translational Cancer Research. All rights reserved.

systematic search of the literature on IGFI gene rs5742612
SNP and malignant tumors in English databases (Embase,
PubMed, and Web of Science) and Chinese databases.
After deleting the duplicate files, we initially obtained 2,080
related articles and ensured the maximum possible recall
rate. Through a meta-analysis of the 7 identified articles,
we found that the correlation between allele and genotype
frequency of IGF1 gene rs5742612 polymorphism between
malignant tumor cases and control healthy people was not
statistically significant, which was consistent with the results
of individual studies (19). However, these findings are
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inconsistent with the results reported by Qian ez 4/. (17) and
Dong ez al. (18). Therefore, further research is needed on
the role of rs5742612 in malignant tumor susceptibility risk.

Hardy-Weinberg’s principle is to detect whether the
genotype and allele frequency observed in parent-child
populations are in balance (23). Group stratification leads
to hardy Weinberg bias, which may be a mixed association.
Among the seven studies, only Farahani ez al’s study (19) is
a Hardy-Weinberg imbalance, which may affect the overall
results. However, after the exclusion of the study, there was
no reversal in overall statistical significance. Therefore, this
study is relatively stable, effective, and reliable. To ensure
sufficient statistical ability, there must be a sufficient sample
size. However, the relatively small sample size of the three
studies in this meta-analysis may reduce the statistical
strength of the test correlation, leading to debates on the
results and impact on the conclusions (11,19,21). Compared
with different races and populations, our meta-analysis
showed that there was no significant correlation between
IGF1rs5742612 polymorphism and malignant tumor
susceptibility in Iran (16,19) or South Korea (20) population,
which is inconsistent with the Chinese population (17,18,21).
Due to the diversity and potential differences in malignant
tumor susceptibility in the population, the results of the
current meta-analysis may not be generalized, so further
research is needed on other races and populations to
provide additional evidence. Besides, the meta-analysis of
this study has several limitations. First, the study did not
consider potential external factors such as gender, age,
diet, smoking and drinking habits, or genetic interactions.
Second, the study only includes literature written in English
and Chinese, and some important related research in other
languages may be overlooked.

In summary, all existing studies that reported the
association between IGFI gene rs5742612 polymorphism
and malignant tumor susceptibility were used in this meta-
analysis. Ultimately this meta-analysis identified seven
articles that meet the inclusion criteria, which includes
2,581 cases and 2,445 controls. P value, OR, and 95% CI
were used to evaluate the correlation. For rs5742612, allele
comparison (T vs. C) and codominant genotype comparison
(TT vs. CC and TC vs. CC), dominant model (TT + TC vs.
CC) and recessive model (T'T vs. TC + CC) were examined.
The heterogeneity was evaluated by inconsistent index I’
and chi-square test. The published bias was examined by
Begg’s test. Table 4 shows the general results of the Meta-
analysis. No statistically significant evidence showed that
IGF1 (rs5742612) SNP was associated with malignant
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tumor susceptibility in the meta-analysis. However, due
to the limited sample size included in the study, the only
European study included 230 Swedish women, which may
not represent the vast majority of “non-Asian” populations,
further research should include different races, countries
and larger sample size to ensure the accuracy and reliability
of meta-analysis results and identify potential associations.
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