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Milk and Cancer: Is There any Relation?
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ABSTRACT

It has been shown that the consumption of milk, which is 
an important part of our diet, increases the serum levels 
of insulin-like growth factor (IGF) in the blood. IGF is a 
mitogenic hormone known to play a role in cell growth, 
differentiation, and metabolism. Therefore, it is thought 
that it could potentially promote tumor development and 
growth. Cancer is the uncontrolled proliferation of cells 
with impaired growth characteristics and is a fatal disease. 
Studies have suggested that as a result of these connections, 
milk may trigger cancer formation due to its positive effects 
on growth hormones. In this review, studies examining the 
relationship between milk and IGF, IGF and cancer, milk, IGF 
and cancer are compiled.
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Milk and dairy products are a nutrient that has 
positive effects on maintaining postnatal growth 
in mammals, induces species-specific growth, and 
is consumed by children and adults after weaning 
age.[1-3] Milk proteins consist of approximately 80% 
casein and 20% whey. Casein in cow's milk; Contains 
alpha-s1, alpha-s2, beta and kappa-casein. Whey 
consists of a large number of globular proteins, 
including beta-lactoglobulin, lactoferrin, alpha-
lactalbumin, immunoglobulins, glycomacropeptide, 
serum albumin, enzymes and growth factors.[4]

Whey and casein are classified as high-
quality proteins based on human amino acid 
requirements, digestibility, and bioavailability. As a 
result of evaluations made by various methods, the 
digestibility score of milk proteins is higher than 
other protein sources.[5] Whey protein contains 
a higher percentage of branched-chain amino 
acids (leucine, valine, and isoleucine) compared 
to casein. Among other essential amino acids, 
casein contains a higher proportion of methionine, 
histidine, valine and phenylalanine than whey 
protein. Also casein; contains high levels of many 
amino acids, including arginine, proline, glutamic 
acid, tyrosine, and serine.[6]
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InSulIn-lIKE GRowTh FACToR (IGF)
Insulin-like growth factor is a natural growth 

hormone that plays a role in growth and 
development. The IGF family consists of insulin and 
insulin-like factors called IGF-1 and IGF-2. These 
factors regulate cellular functions by interacting with 
specific cell surface receptors and activating various 
intracellular signaling pathways.[7] IGF-1 is a peptide 
hormone similar to insulin as a result of stimulation 
by growth hormone, most of it is produced by the 
liver and may have certain local effects. IGF-1 plays 
a role in proliferation, differentiation and glucose 
regulation by activation of signaling pathways. IGF-2 
has a high degree of structural homology with IGF-1 
and insulin. It has key roles in fetal development and 
plays an important role in development, epigenetic 
regulation, and growth-related situations.[8] There 
are two known IGF receptors - type 1 IGF receptor 
(IGF-1R) and IGF-II receptor (IGF-2R). Six IGF binding 
proteins have been identified (IGFBP-1-6). IGFBPs 
(insulin-like growth factor-binding protein) function 
as transport proteins, extend the half-life of IGFs, 
regulate their clearance, directly modulate their 
effects and provide a tissue-specific localization.[9] 
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It is also accepted that many IGFBPs have actions 
independent of IGF.[10]

CAnCER
Cancer is the clonal spread of cells with impaired 

growth characteristics. Somatic cancer is the most 
common and most complicated genetic disease.[11]

The basis of cancer formation is the accumulation 
of mutations that affect biological events such 
as cell survival and growth control. Mutations of 
tumor suppressor genes and proto-oncogenes cause 
malignant phenotype formation through different 
mechanisms. In the development process of cancer, 
tumor cells acquire phenotypic properties, and these 
changes cause the unlimited and rapid order of tumor 
cells to proliferate and spread to surrounding tissues. 
In addition, these cells can survive independently 
of the specific microenvironment and metastasize 
(leaving the organ where the cancer originated and 
spreading to other organs).[12] Oncogenic mutations 
targeting signal transduction pathways and signal 
proteins are frequently encountered.[13] Changes 
in signal transmission may be the reason for cell 
proliferation and loss of control of living functions. 
Oncogenic signal transduction plays an active role in 
tumor development and metastasis process.[14]

Protein kinases provide protein activation during 
signal transduction. They are divided into two main 
groups as membrane-located ones and cytoplasmic 
tyrosine kinases. These proteins are also classified 
as tyrosine and serine/threonine kinases according 
to their catalytic properties (the type of amino acid 
that is phosphorylated).[15,16] Proteins located on the 
membrane are called receptor tyrosine kinases (RTK). 
There are 58 transmembrane proteins in the RTK 
superfamily. These receptors include ephrin receptors, 
insulin receptor, and growth factor receptors.[16]

RTKs contain a region responsible for activation 
(tyrosine kinase region) in their cytoplasmic part. RTK's 
inactive and active conformations are in equilibrium 
in cells at rest. These receptors become active after 
binding with growth factors and transmit signals by 
interacting with target proteins in the cytoplasm.[17] 
IGF-IR is a cell membrane receptor with tyrosine kinase 
activity. By activating IGF-IR, the intracellular tyrosine 
phosphorylation chain is induced, which leads to 
the activation of transcription factors necessary for 
cell proliferation and transformation. In addition, 
by stimulating angiogenesis factors (Epidermal 
growth factor=EGF, Transforming growth factor 
alpha=TGF-α), it can regulate the formation of 
new vessels and initiate tumor growth.[18-20] Studies 

have shown that IGF-1R is overexpressed in many 
malignant tumors, including breast cancer, lung 
cancer, prostate cancer, gastrointestinal cancer, 
glioma.[21-25] Additionally, clinical studies show that 
IGF-1R has potent antiapoptotic and transforming 
activities, and increased IGF-1R activity is associated 
with treatment resistance, tumor metastasis, poor 
disease prognosis, and shortened survival.[26-28] Insulin-
like growth factor 1 receptor may therefore be a 
potentially emerging and promising marker in cancer 
diagnosis and treatment.[29] Insulin-like growth factor 
1 receptor is also closely related to breast cancer gene 
1 (BRCA1). In fact, wild-type BRCA1 expression caused 
a significant decrease in IGF- 1R promoter (DNA 
fragment that initiates transcription of genes) activity 
and endogenous IGF-1R levels in breast cancer cell 
lines, while mutant BRCA1 expression did not affect 
IGF-1R levels.[30] IGF-1R targeted imaging can be a 
good method for tumor diagnosis and monitoring 
treatment efficacy.[31]

MIlK And InSulIn-lIKE GRowTh 
FACToR

Studies have shown that a diet rich in milk 
increases serum levels of insulin-like growth factor 
(IGF-1).[32,33] It also contains cow's milk, active IGF-1 
and IGF-2. Milk has been observed to maintain high 
IGF-1 levels even after processing.[34] Studies have 
shown that increased milk consumption is directly 
proportional to circulating IGF-1 levels in adults and 
children.[35-38] Milk and dairy products increase IGF-1 
levels more than meat and other animal protein 
sources. Moreover, it has been shown that the 
bioavailability of IGF-1 increases by increasing the 
IGF-1/IGFBP-3 ratio with milk consumption.[39] Milk 
consumption causes postprandial hyperinsulinemia 
(increase in the amount of insulin in the blood) and 
permanently increases IGF-1 serum levels. While 
insulin/IGF-1 signal regulates fetal and linear growth 
in the thymus, it can also cause cancer.[10]

The effect of whey and casein fractions of milk on 
fasting IGF-1 and insulin concentrations was studied. 
While serum IGF-1 increased by 15% in casein group, 
no change was observed in fasting insulin. In the 
whey group, fasting insulin increased by 21% with no 
change in IGF-1. It has been reported that the insulin 
response to a whey meal is higher than to a dairy 
meal. This differential response suggests that the 
insulinotropic component of milk is predominantly 
found in whey, and casein has a stronger IGF-1 
stimulating effect than whey. A diet consisting of milk 
and hyperglycemic foods can have strengthening 
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effects on serum insulin and IGF-1 levels.[34] Milk 
may increase IGF concentration due to the branched 
amino acids found in casein and other milk-derived 
proteins.[40] An important factor for hepatic (liver-
related) IGF-1 synthesis is the proteins found in 
milk.[41,42]

InSulIn-lIKE GRowTh FACToR And 
CAnCER

Studies have shown that the IGF system may 
play a role in tumor formation.[7] An increase in 
neoplastic cell proliferation was observed with 
the increase in IGF-1 concentration.[43] Increased 
IGF-2 production may also cause suspicious cancer 
development and progression in many cases.[7] 
In vivo studies show that carcinogenesis and cancer 
progression may be affected by germline variation 
of genes encoding signal molecules in the Growth 
hormone (GH)-IGF-1 axis, and these mutations may 
often be associated with genetic manipulations.[44] 
When a cell is at risk, IGF bioactivity in the cellular 
microenvironment affects cell survival and 
transforms into malignant cell lineage or apoptosis 
in early carcinogenesis. Balancing apoptotic cell 
death and survival of damaged cells may be 
susceptible to survival in an environment with 
high IGF levels, and this can lead to the emergence 
of malignant cells. The course of millions of such 
DNA damaged cells is determined every hour, and 
the effect of higher IGF-1 levels on the probability 
of survival may lead to the level in circulation 
being associated with cancer risk. The effect of 
the IGF-1 level on cancer risk is somewhat related 
to early carcinogenesis. Higher IGF-1 levels make 
it easier for early cancers to reach the stage where 
they can be detected clinically. Such lesions are 
common in adults and the diagnosis of cancer 
reflects the likelihood of these lesions progressing 
to a detectable and clinically significant size. The 
clinical detection process of cancers is affected 
by the IGF-1 level.[45] Insulin-like growth factor 
binding protein-3 (IGFBP-3) has an antiproliferative 
effect that inhibits the mitogenic effect of IGF-I 
by stimulating apoptosis.[46] In many recent 
epidemiological studies, it has been reported that 
high IGF-I and low IGFBP-3 levels in serum or an 
increase in IGF-I/IGFBP-3 ratio are associated with 
an increased risk for many cancers, such as changing 
the order of the breast, colon, lung, prostate.[47] It 
has been found that serum IGF-I levels increase and 
IGFBP-3 levels decrease in many tumor types.[48,49] 
Physiologically, IGF-I is responsible for the effect 
of growth hormone. It has a strong effect on cell 

proliferation and differentiation and is a potent 
inhibitor of apoptosis. IGFBP-3 is a protein with an 
antiproliferative effect that inhibits the mitogenic 
effect of IGFI by stimulating apoptosis.[46,50]

It was concluded that IGF-I serum levels were 
significantly increased and IGFBP-3 levels were 
significantly decreased in patients with advanced 
prostate cancer compared to patients with benign 
prostatic hyperplasia.[51-53] IGFs are known to be 
potent mitogens for lung cancer cells. However, there 
is insufficient evidence regarding its effects on lung 
cancer development. Studies have shown that high 
IGF-I and low IGFBP-3 levels may be associated with a 
high risk of lung cancer.[54]

In a study involving 56 patients with gastric 
cancer, it was reported that the expression of IGF-1/
IGF-1R and gastrin/cholecystokinin B receptor 
(CCK-BR) increased, and this may have a role in 
the development of gastric cancer by causing the 
proliferation of the gastric mucosa epithelium. It was 
found that serum gastrin and IGF-1 levels increased 
in patients with esophagus and stomach cancer 
and this increase was significant for gastrin. It was 
concluded that this increase in gastrin level may play 
an important role in the development of esophageal 
and stomach cancers.[55]

As a result of some studies, a positive relationship 
was found between the circulating IGF-1 concentration 
and breast cancer in premenopausal women. 
However, it was concluded that this situation was 
not valid in postmenopausal women.[56] In another 
study, no difference was found between serum 
IGF-1 levels between postmenopausal breast cancer 
patients and post-menopausal control group, and 
no statistically significant difference was observed in 
the comparison of IGF-1 levels of premenopausal and 
postmenopausal patient groups.[57]

MIlK, InSulIn-lIKE GRowTh FACToR 
And CAnCER

IGF-1 is a mitogenic hormone known to 
play a role in cell growth, differentiation, and 
metabolism, so it is thought to potentially promote 
tumor development and growth in the breast and 
prostate.[58,59] However, not all results are consistent 
with each other. Studies have shown that there is 
a relationship between milk consumption, serum 
IGF-I and prostate cancer.[60] Studies have shown 
that higher milk consumption in colon cancer 
patients increases serum IGF-I concentrations by 
approximately 11%.[61]
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Milk increases IGF-1 activation and the signaling 
mechanisms of milk are applied to ensure the 
long-term increase in serum IGF-1 levels and the 
regulation of rapid post-meal insulin secretion. Several 
mechanisms have been suggested by which milk can 
support prostate cancer. When studies examining 
the relationship between IGF and prostate cancer 
are examined, the insulin-like signaling pathway may 
be a possible factor for prostate cancer initiation 
and progression.[62,63] However, due to the possibility 
of pleiotropy, it has not been determined that any 
individual IGF protein has a specific association.[64]

It should be recognized that in most common 
solid tumors, IGF itself is not directly caused, but 
secondary to another molecular event that affects 
the expression of ligands or receptors. Increased 
regulation of IGF-1R, often seen in common solid 
tumors, is usually secondary to the loss of negative 
regulatory effect of tumor suppressor genes, including 
changed the order of BRCA1, TP53, WT1 and vHL.[65]

Overexpression or activation of IGF axis components 
promotes signaling through effectors, including AKTs 
and ERKs, that cause resistance to cancer therapies, 
including radiotherapy, chemotherapy, endocrine 
derangement therapy, and targeted agents. It is 
recognized that tumor growth, treatment resistance, 
and can be promoted by IGFs secreted by cellular 
components of the tumor stroma.[66,67]

In studies, a function of IGF-1R with IGF has 
been defined. This function can translocate to 
the receptor nucleus after clathrin-dependent 
endocytosis and can function as a transcription 
factor by binding to the regulatory regions of DNA. 
The findings reported that IGF-1R is detectable in a 
variety of invasive malignancies, including prostate, 
kidney and breast cancers in preinvasive lesions 
and is associated with an advanced tumor stage 
in prostate cancer and an unfavorable prognosis 
in kidney cancer. Promoters may contribute to 
cell survival and motility, chemodirence, and the 
expression of these genes that change the order of 
angiogenesis.[68,69]

In addition to increased tumor formation and 
treatment resistance, IGFs may also cause the risk 
of developing cancer. An example of this can be 
shown with almost complete protection from cancer 
in patients with Laron syndrome (type of dwarfism) 
who have very low serum IGF-1 levels due to the 
GH receptor mutation.[70-72] In addition to being 
regulated by GH, circulating levels of IGF-1 are 
known to be affected by dietary factors, including 
dairy products and total protein intake. It is known 

that subjects in the general population with serum 
IGF-1 levels at the upper end of the normal range 
have an increased risk of developing various types 
of cancer, including altered breast, prostate, and 
colorectal cancer.[73]

RESulT
Milk contains high amounts of IGF-1 and the 

reason why it causes cancer can be related to IGF, 
which is in its structure. Because IGF plays a role 
in cell growth, differentiation, and metabolism, 
it is thought that it could potentially promote 
the development and growth of breast, prostate, 
and other cancers. In addition, not all studies are 
consistent with each other. For example, while 
studies are showing that it may cause breast 
cancer, it has also been concluded that serum IGF 
levels do not cause a significant change in breast 
cancer. On the other hand, as mentioned above, 
it has been reported that patients with Laron 
syndrome who have low growth hormone have 
complete protection from cancer, from which it can 
be concluded that they have less cancer because 
they have a small number of growth factors. In 
other words, if we combine the information that 
milk contains IGF and some of the factors that 
cause cancer are IGFs, high milk consumption or 
an increase in milk consumption may cause cancer. 
More studies are needed to address the issue 
better.

declaration of conflicting interests
The authors declared no conflicts of interest with 

respect to the authorship and/or publication of this 
article.

Funding
The authors received no financial support for the 

research and/or authorship of this article.

REFEREnCES
1. Melnik BC. The pathogenic role of persistent milk 

signaling in mTORC1- and milk-microRNA-driven type 2 
diabetes mellitus. Curr Diabetes Rev 2015;11:46-62.

2. Clatici VG, Voicu C, Voaides C, Roseanu A, Icriverzi M, 
Jurcoane S. Diseases of civilization - cancer, diabetes, 
obesity and acne - the implication of milk, IGF-1 and 
mTORC1. Maedica (Bucur) 2018;13:273-81.

3. Melnik BC. Milk--the promoter of chronic Western 
diseases. Med Hypotheses 2009;72:631-9. 

4. Rice BH, Cifelli CJ, Pikosky MA, Miller GD. Dairy 
components and risk factors for cardiometabolic 
syndrome: Recent evidence and opportunities for future 
research. Adv Nutr 2011;2:396-407. 



JEB Med Sci38

5. Boye J, Wijesinha-Bettoni R, Burlingame B. Protein 
quality evaluation twenty years after the introduction 
of the protein digestibility corrected amino acid score 
method. Br J Nutr 2012;108 Suppl 2:S183-211. 

6. Hall WL, Millward DJ, Long SJ, Morgan LM. Casein 
and whey exert different effects on plasma amino 
acid profiles, gastrointestinal hormone secretion and 
appetite. Br J Nutr 2003;89:239-48. 

7. Brahmkhatri VP, Prasanna C, Atreya HS. Insulin-
like growth factor system in cancer: Novel targeted 
therapies. Biomed Res Int 2015;2015:538019. 

8. Jones JI, Clemmons DR. Insulin-like growth factors and 
their binding proteins: Biological actions. Endocr Rev 
1995;16:3-34. 

9. Firth SM, Baxter RC. Cellular actions of the insulin-
like growth factor binding proteins. Endocr Rev 
2002;23:824-54.

10. Haywood NJ, Slater TA, Matthews CJ, Wheatcroft SB. The 
insulin like growth factor and binding protein family: 
Novel therapeutic targets in obesity & diabetes. Mol 
Metab 2019;19:86-96. 

11. Futreal PA, Kasprzyk A, Birney E, Mullikin JC, Wooster 
R, Stratton MR. Cancer and genomics. Nature 
2001;409:850-2.

12. McCormick F. Signalling networks that cause cancer. 
Trends Cell Biol 1999;9:M53-6. 

13. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 
2000;100:57-70. 

14. Doğan AL, Güç D. Sinyal iletimi mekanizmaları ve kanser. 
Hacettepe Tıp Dergisi 2004;35:34-42.

15. Pawson T, Raina M, Nash P. Interaction domains: From 
simple binding events to complex cellular behavior. FEBS 
Lett 2002;513:2-10. 

16. Pawson T. Regulation and targets of receptor tyrosine 
kinases. Eur J Cancer 2002;38 Suppl 5:S3-10. 

17. Blume-Jensen P, Hunter T. Oncogenic kinase signalling. 
Nature 2001;411:355-65. 

18. Czech MP. Signal transmission by the insulin-like growth 
factors. Cell 1989;59:235-8. 

 neoplasia. Nat Rev Cancer 2004;4(7):505–518.
19. Pollak MN, Schernhammer ES, Hankinson SE. Insulin-

like growth factors and neoplasia. Nat Rev Cancer 
2004;4:505-18. 

20. Werner H. For debate: The pathophysiological 
significance of IGF-I receptor overexpression: New 
insights. Pediatr Endocrinol Rev 2009;7:2-5. 

21. Yeo CD, Park KH, Park CK, Lee SH, Kim SJ, Yoon 
HK, et al. Expression of Insulin-like Growth Factor 
1 Receptor (IGF-1R) predicts poor responses to 
Epidermal Growth Factor Receptor (EGFR) tyrosine 
kinase inhibitors in non-small cell lung cancer 
patients harboring activating EGFR mutations. Lung 
Cancer 2015;87:311-7. 

22. Sun WY, Yun HY, Song YJ, Kim H, Lee OJ, Nam SJ, et al. 
Insulin-like growth factor 1 receptor expression in breast 
cancer tissue and mammographic density. Mol Clin 
Oncol 2015;3:572-80.

23. Pollak M, Beamer W, Zhang JC. Insulin-like growth 
factors and prostate cancer. Cancer Metastasis Rev 1998-
1999;17:383-90.

24. Trojan J, Cloix JF, Ardourel MY, Chatel M, Anthony 
DD. Insulin-like growth factor type I biology and 
targeting in malignant gliomas. Neuroscience 
2007;145:795-811.

25. Nakajima N, Kozu K, Kobayashi S, Nishiyama R, Okubo R, 
Akai Y, et al. The expression of IGF-1R in Helicobacter 
pylori-infected intestinal metaplasia and gastric cancer. 
J Clin Biochem Nutr 2016;59:53-7. 

26. Heskamp S, Boerman OC, Molkenboer-Kuenen 
JD, Wauters CA, Strobbe LJ, Mandigers CM, et al. 
Upregulation of IGF-1R expression during neoadjuvant 
therapy predicts poor outcome in breast cancer patients. 
PLoS One 2015;10:e0117745. 

27. Iams WT, Lovly CM. Molecular Pathways: Clinical 
applications and future direction of insulin-like growth 
factor-1 receptor pathway blockade. Clin Cancer Res 
2015;21:4270-7.

28. Riedemann J, Macaulay VM. IGF1R signalling and its 
inhibition. Endocr Relat Cancer 2006;13 Suppl 1:S33-43. 

29. Pollak M. Insulin and insulin-like growth factor signalling 
in neoplasia. Nat Rev Cancer 2008;8:915-28.

30. Abramovitch S, Glaser T, Ouchi T, Werner H. BRCA1-Sp1 
interactions in transcriptional regulation of the IGF-IR 
gene. FEBS Lett 2003;541:149-54. 

31. Sun Y, Sun X, Shen B. Molecular imaging of IGF-1R in 
cancer. Mol Imaging 2017;16:1536012117736648. 

32. Qin LQ, He K, Xu JY. Milk consumption and circulating 
insulin-like growth factor-I level: A systematic literature 
review. Int J Food Sci Nutr 2009;60 Suppl 7:330-40. 

33. Melnik BC, Schmitz G. Role of insulin, insulin-like growth 
factor-1, hyperglycaemic food and milk consumption 
in the pathogenesis of acne vulgaris. Exp Dermatol 
2009;18:833-41. 

34. Norat T, Dossus L, Rinaldi S, Overvad K, Grønbaek H, 
Tjønneland A, et al. Diet, serum insulin-like growth 
factor-I and IGF-binding protein-3 in European women. 
Eur J Clin Nutr 2007;61:91-8. 

35. Hoppe C, Udam TR, Lauritzen L, Mølgaard C, Juul A, 
Michaelsen KF. Animal protein intake, serum insulin-like 
growth factor I, and growth in healthy 2.5-y-old Danish 
children. Am J Clin Nutr 2004;80:447-52. 

36. Hoppe C, Mølgaard C, Juul A, Michaelsen KF. High 
intakes of skimmed milk, but not meat, increase serum 
IGF-I and IGFBP-3 in eight-year-old boys. Eur J Clin Nutr 
2004;58:1211-6. 

37. Rogers IS, Gunnell D, Emmett PM, Glynn LR, Dunger 
DB, Holly JM. Cross-sectional associations of diet 
and insulin-like growth factor levels in 7- to 8-year-
old children. Cancer Epidemiol Biomarkers Prev 
2005;14:204-12. 

38. Esterle L, Sabatier JP, Guillon-Metz F, Walrant-Debray O, 
Guaydier-Souquières G, Jehan F, et al. Milk, rather than 
other foods, is associated with vertebral bone mass and 
circulating IGF-1 in female adolescents. Osteoporos Int 
2009;20:567-75.



39Milk and Cancer: Is There any Relation?

39. Rich-Edwards JW, Ganmaa D, Pollak MN, Nakamoto EK, 
Kleinman K, Tserendolgor U, et al. Milk consumption and 
the prepubertal somatotropic axis. Nutr J 2007;6:28. 

40. Hoeflich A, Meyer Z. Functional analysis of the IGF-
system in milk. Best Pract Res Clin Endocrinol Metab 
2017;31:409-18. 

41. Heine W, Radke M, Wutzke KD, Peters E, Kundt G. alpha-
Lactalbumin-enriched low-protein infant formulas: 
A comparison to breast milk feeding. Acta Paediatr 
1996;85:1024-8. 

42. Harp JB, Goldstein S, Phillips LS. Nutrition and 
somatomedin. XXIII. Molecular regulation of IGF-I by 
amino acid availability in cultured hepatocytes. Diabetes 
1991;40:95-101. 

43. Myal Y, Shiu RP, Bhaumick B, Bala M. Receptor binding 
and growth-promoting activity of insulin-like growth 
factors in human breast cancer cells (T-47D) in culture. 
Cancer Res 1984;44:5486-90. 

44. Wu Y, Cui K, Miyoshi K, Hennighausen L, Green JE, Setser 
J, et al. Reduced circulating insulin-like growth factor 
I levels delay the onset of chemically and genetically 
induced mammary tumors. Cancer Res 2003;63:4384-8. 

45. Pollak M. Insulin, insulin-like growth factors and 
neoplasia. Best Pract Res Clin Endocrinol Metab 
2008;22:625-38. 

46. Fürstenberger G, Senn HJ. Insulin-like growth factors 
and cancer. Lancet Oncol 2002;3:298-302. 

47. Gennigens C, Menetrier-Caux C, Droz JP. Insulin-Like 
Growth Factor (IGF) family and prostate cancer. Crit Rev 
Oncol Hematol 2006;58:124-45.

48. Giovannucci E. Insulin-like growth factor-I and binding 
protein-3 and risk of cancer. Horm Res 1999;51 Suppl 
3:34-41. 

49. LeRoith D, Baserga R, Helman L, Roberts CT Jr. Insulin-
like growth factors and cancer. Ann Intern Med 
1995;122:54-9.

50. Grimberg A, Cohen P. Role of insulin-like growth factors 
and their binding proteins in growth control and 
carcinogenesis. J Cell Physiol 2000;183:1-9.

51. Harman SM, Metter EJ, Blackman MR, Landis PK, Carter 
HB; Baltimore Longitudinal Study on Aging. Serum levels 
of insulin-like growth factor I (IGF-I), IGF-II, IGF-binding 
protein-3, and prostate-specific antigen as predictors 
of clinical prostate cancer. J Clin Endocrinol Metab 
2000;85:4258-65. 

52. Wolk A, Mantzoros CS, Andersson SO, Bergström R, 
Signorello LB, Lagiou P, et al. Insulin-like growth factor 
1 and prostate cancer risk: A population-based, case-
control study. J Natl Cancer Inst 1998;90:911-5. 

53. Aksoy Y, Aksoy H, Bakan E, Atmaca AF, Akçay F. Serum 
insulin-like growth factor-I and insulin-like growth 
factor-binding protein-3 in localized, metastasized 
prostate cancer and benign prostatic hyperplasia. Urol 
Int 2004;72:62-5. 

54. Yu H, Spitz MR, Mistry J, Gu J, Hong WK, Wu X. 
Plasma levels of insulin-like growth factor-I and lung 
cancer risk: A case-control analysis. J Natl Cancer Inst 
1999;91:151-6. 

55. Zhao MD, Hu XM, Sun DJ, Zhang Q, Zhang YH, Meng W. 
Expression of some tumor associated factors in human 
carcinogenesis and development of gastric carcinoma. 
World J Gastroenterol 2005;11:3217-21.

56. Yu H, Jin F, Shu XO, Li BD, Dai Q, Cheng JR, et al. Insulin-like 
growth factors and breast cancer risk in Chinese women. 
Cancer Epidemiol Biomarkers Prev 2002;11:705-12.

57. Yücel N, Ciğerli Ş, Aslan B, Batı C, Eren N. Primer meme 
kanserli hastaların serum insülin- benzeri büyüme 
faktörü-1 (IGF-I) VE CA 15-3 seviyelerinin araştırılması. 
Med Bull Sisli Etfal Hosp 2006;40:43-6.

58. Le Roith D. Seminars in medicine of the Beth Israel 
Deaconess Medical Center. Insulin-like growth factors. N 
Engl J Med 1997;336:633-40.

59. Resnicoff M, Baserga R. The role of the insulin-like growth 
factor I receptor in transformation and apoptosis. Ann N 
Y Acad Sci 1998;842:76-81. 

60. Harrison S, Lennon R, Holly J, Higgins JPT, Gardner 
M, Perks C, et al. Does milk intake promote prostate 
cancer initiation or progression via effects on insulin-like 
growth factors (IGFs)? A systematic review and meta-
analysis. Cancer Causes Control 2017;28:497-528. 

61. Um CY, Fedirko V, Flanders WD, Höflich C, Wirthgen 
E, Bostick RM. Circulating insulin-like growth factor-
related biomarkers: Correlates and responses to calcium 
supplementation in colorectal adenoma patients. Mol 
Carcinog 2017;56:2127-34. 

62. Rowlands MA, Gunnell D, Harris R, Vatten LJ, Holly 
JM, Martin RM. Circulating insulin-like growth factor 
peptides and prostate cancer risk: A systematic review 
and meta-analysis. Int J Cancer 2009;124:2416-29.

63. Roddam AW, Allen NE, Appleby P, Key TJ, Ferrucci L, 
Carter HB, et al. Insulin-like growth factors, their binding 
proteins, and prostate cancer risk: Analysis of individual 
patient data from 12 prospective studies. Ann Intern 
Med 2008;149:461-71, W83-8. 

64. Bonilla C, Lewis SJ, Rowlands MA, Gaunt TR, Davey 
Smith G, Gunnell D, et al. Assessing the role of insulin-
like growth factors and binding proteins in prostate 
cancer using Mendelian randomization: Genetic variants 
as instruments for circulating levels. Int J Cancer 
2016;139:1520-33. 

65. Werner H. Tumor suppressors govern insulin-like growth 
factor signaling pathways: Implications in metabolism 
and cancer. Oncogene 2012;31:2703-14. 

66. Lee JS, Kang JH, Boo HJ, Hwang SJ, Hong S, Lee SC, 
et al. STAT3-mediated IGF-2 secretion in the tumour 
microenvironment elicits innate resistance to anti-IGF-1R 
antibody. Nat Commun 2015;6:8499. 

67. Unger C, Kramer N, Unterleuthner D, Scherzer M, Burian 
A, Rudisch A, et al. Stromal-derived IGF2 promotes 
colon cancer progression via paracrine and autocrine 
mechanisms. Oncogene 2017;36:5341-55. 

68. Aleksic T, Gray N, Wu X, Rieunier G, Osher E, Mills J, et 
al. Nuclear IGF1R interacts with regulatory regions of 
chromatin to promote RNA polymerase II recruitment 
and gene expression associated with advanced tumor 
stage. Cancer Res 2018;78:3497-509. 



JEB Med Sci40

69. Vleugel MM, Greijer AE, Bos R, van der Wall E, van Diest 
PJ. c-Jun activation is associated with proliferation and 
angiogenesis in invasive breast cancer. Hum Pathol 
2006;37:668-74. 

70. Guevara-Aguirre J, Balasubramanian P, Guevara-Aguirre 
M, Wei M, Madia F, Cheng CW, et al. Growth hormone 
receptor deficiency is associated with a major reduction 
in pro-aging signaling, cancer, and diabetes in humans. 
Sci Transl Med 2011;3:70ra13. 

71. Laron Z. Lessons from 50 years of study of Laron 
syndrome. Endocr Pract 2015;21:1395-402.

72. Steuerman R, Shevah O, Laron Z. Congenital IGF1 
deficiency tends to confer protection against post-
natal development of malignancies. Eur J Endocrinol 
2011;164:485-9. 

73. Osher E, Macaulay VM. Therapeutic Targeting of the IGF 
Axis. Cells 2019;8:895.


