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Abstract

Background: The insulin-like growth factor (IGF) pathway is implicated in the pathogenesis of hepatocellular
carcinoma (HCC) and may be important in nonalcoholic fatty liver disease (NAFLD). The aim of this study is to
determine expression levels of IGFs and receptors in NAFLD-associated HCC.

Methods: Tissue microarrays were constructed from patients who underwent hepatectomy for HCC.
Immunohistochemistry was performed using antibodies for IGF ligands and receptors. Immunostain results were
scored by a pathologist blinded to clinical data.

Results: Among 27 patients with HCC, the most common underlying liver diseases included NAFLD, hepatitis C,
and alcoholic hepatitis. Expression levels of IGFs and receptors were not associated with patients’ underlying liver
disease. In all patients, IGF-2 expression was upregulated in tumor and adjacent non-neoplastic liver. Expression of
IGF-1 was low in adjacent liver in 6 of 10 patients with cirrhosis, compared with 2 of 17 patients without cirrhosis

(P=0.0006).

(P=0.025). Higher IGF-1 expression in liver adjacent to tumor was associated with poorer median survival of
22 months, compared with 72 months with equal or lower IGF-1 expression in adjacent liver relative to tumor

Conclusions: Our preliminary results demonstrate significant associations between IGF-1 expression and liver
cirrhosis and survival after resection in patients with HCC, independent of their underlying liver disease.
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Background

Hepatocellular carcinoma (HCC) is the fifth most preva-
lent cancer worldwide and the fastest growing cause of
cancer-related death in the United States male popula-
tion [1]. Nonalcoholic fatty liver disease (NAFLD) is
increasingly recognized as a growing cause of nonalco-
holic steatohepatitis, progressing to cirrhosis and HCC.
Alarmingly, NAFLD may directly promote hepatocarci-
nogenesis independent of steatohepatitis or cirrhosis [2].
In addition, NAFLD may exert synergistic effects with
viral hepatitis in the development of HCC [3]. Nonalco-
holic fatty liver disease is the major hepatic manifest-
ation of the metabolic syndrome, marked by obesity,
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type 2 diabetes, hypertension, or hyperlipidemia. Popu-
lation studies demonstrate a 90% increased risk of HCC
in the obese, while type 2 diabetes confers a three-fold
increased risk [4,5]. Both NAFLD and associated HCC
are growing public health concerns, owing to the epi-
demic of obesity in the United States, with nearly two-
thirds of the adult population classified as overweight
or obese [6,7].

The molecular basis for the transformation of NAFLD
into HCC is poorly understood. Previous studies have
demonstrated that the insulin-like growth factor (IGF)
signal transduction pathway is activated early in up to
90% of HCC and may be particularly important in pa-
tients with the metabolic syndrome and NAFLD [8]. The
hallmark of the metabolic syndrome is insulin resistance,
and the resultant hyperinsulinemia leads to decreased
concentrations of IGF binding proteins and increased
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levels of bioavailable insulin-like growth factor-1 (IGF-1)
[9]. In addition, plasma levels of insulin-like growth
factor-2 (IGF-2) are increased in obese and type 2 dia-
betic patients [10]. Signaling through the insulin and
IGF-1 receptors has been shown to increase cellular pro-
liferation, inhibit apoptosis, and promote metastasis.

The IGF pathway is composed of ligands, receptors,
substrates, and ligand binding proteins (Figure 1) [11,12].
The ligands are insulin, IGF-1, and IGF-2. Insulin-like
growth factor-1, produced mainly in the liver, circulates as
an endocrine hormone but is also synthesized in target tis-
sues, where it works in a paracrine or autocrine fashion.
Insulin-like growth factor-2 is highly expressed in fetal
liver but rapidly downregulated after birth, and its physio-
logic function in adult liver remains obscure. The IGF-1
receptor (IGF-1R) is a tyrosine kinase cell-surface receptor
that is activated by IGF-1 and IGF-2, and by insulin at a
much lower affinity. Signaling via IGF-1R leads to phos-
phorylation of insulin receptor substrate and Src hom-
ology 2 domain-containing transforming protein 1 (SHC).
Phosphorylation of these receptor substrates results in ac-
tivation of the phosphatidylinositide 3-kinase/Akt (PI3K/
Akt) and mitogen-activated protein kinase (MAPK) signal-
ing cascades and plays a key role in promoting malignant
transformation of many cancers, including breast, colon,
and lung cancer. The insulin-like growth factor-2 receptor
(IGF-2R) lacks a tyrosine kinase domain and acts as a
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Figure 1 Insulin-like growth factor pathway. Bioavailability of the
ligands IGF-1 and IGF-2 is regulated by IGF binding proteins. The
insulin receptor and IGF-1R are tyrosine kinase cell-surface receptors
that recruit and phosphorylate adaptor proteins belonging to the
insulin receptor substrate or SHC family, leading to activation of the
PI3K/Akt and MAPK signaling cascades. IGF-2R lacks an intracellular
tyrosine kinase domain and leads to IGF-2 degradation. IGF-1,
insulin-like growth factor-1; IGF-1R, insulin-like growth factor-1
receptor; IGF-2, insulin-like growth factor-2; IGF-2R, insulin-like
growth factor-2 receptor; IRS, insulin receptor substrate; MAPK,
mitogen-activated protein kinase; P13K/Akt, phosphatidylinositide

3-kinase/Akt; SHC, Src homology 2 domain-containing transforming protein 1.
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Table 1 Clinicopathologic factors in 27 patients
undergoing resection of hepatocellular carcinoma

Clinicopathologic factor n
Median age (range) 74 (34 to 81)
Male 14
Race

White 24
Asian 2
African American 1
Risk factor for hepatocellular carcinoma

Nonalcoholic fatty liver disease 13
Hepatitis C 7
Alcoholic hepatitis 2
Transformed adenoma 2
Other® 3
Cirrhosis

Yes 10
No 17
Vascular invasion

Yes 9
No 18
Multiple tumors

Yes 5
No 22
Maximum tumor size > 5 cm

Yes 14
No 13
Preoperative median serum a-fetoprotein level (range) 6 (1 to 8122)
Preoperative median Model for End-Stage Liver 7610 12)
Disease score (range)

Tumor grade

Well differentiated 13
Moderately differentiated 8
Poorly differentiated 4
Unknown 2
Hepatectomy

Minor (resection of <3 segments) 22
Major (resection of >3 segments) 5
American Joint Committee on Cancer, 7th edition stage

| 16
Il 8
A 2

1B 1

®Other diagnoses were fibrolamellar carcinoma, clear cell carcinoma,
and hemochromatosis.
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growth inhibitor by directing IGF-2 to lysosomal degrad-
ation. This receptor has low affinity for IGF-1 and does
not bind insulin [13].

This study sought to determine expression levels of
IGFs and their receptors in patients with HCC associ-
ated with NAFLD and other underlying liver diseases.
We hypothesized that patients with NAFLD-related
HCC have alterations in the IGF pathway that are dis-
tinct from those in patients with HCC from other
causes, such as viral and alcoholic hepatitis. Identifica-
tion of upregulated components of the IGF pathway
may have potential therapeutic implications for patients
who may benefit from treatment with IGF-1R inhibi-
tors, which have shown promising anticancer activity in
clinical trials [11].

Methods

Tissue microarray construction

Formalin-fixed, paraffin-embedded blocks from patients
who underwent liver resection for HCC at Fox Chase
Cancer Center (Philadelphia, PA, USA) were used to con-
struct tissue microarrays. Areas containing viable tumor
cells and adjacent non-neoplastic liver parenchyma >1 cm
from the tumor margin were marked by a pathologist.
Three 1.0-mm cores were taken from tumor and non-
neoplastic tissue and arrayed on a paraffin block.

Immunohistochemistry

Immunohistochemistry was performed as previously de-
scribed [14,15]. Briefly, after deparaffinization and rehy-
dration, tissue sections (5 pm thick) were subjected to
antigen retrieval, followed by peroxidase block and treat-
ment with a blocking reagent for nonspecific binding.
The slides were then incubated overnight with primary
antibody at 4°C in a humidified chamber. The follow-
ing primary antibodies were used: IGF-1 (Santa Cruz
Biotechnology, Santa Cruz, CA, dilution 1:100), IGF-2
(Abcam, Cambridge, MA, 1:500), IGF-1R (Cell Signaling,
Danvers, MA, 1:50), and IGF-2R (Cell Signaling, 1:50);
followed by peroxidase-conjugated secondary antibody.
Normal kidney served as positive controls for IGF-1,
IGF-1R, and IGF-2. Negative controls included omission
of primary antibody.
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All immunohistochemistry evaluation was performed
in a blinded manner by an attending pathologist. The
slides were scored semiquantitatively. A score of 0 indi-
cated no staining, 1 indicated focal weak staining, 2 indi-
cated moderately positive staining, and 3 indicated
intensely positive staining. Tumors with strong staining
(scores 2 to 3) were grouped, and tumors with weak or
no staining (scores 0 to 1) were grouped. All analyses
were performed in triplicate.

Correlation with clinicopathologic factors

Electronic medical records of 27 patients who under-
went liver resection for HCC between 1994 and 2011
were reviewed. Patients were diagnosed with NAFLD-
associated HCC if they did not have a history of alcohol
abuse or viral hepatitis, had features of the metabolic
syndrome, such as diabetes, hyperlipidemia, or hyper-
tension, and had evidence of hepatic steatosis on patho-
logic examination. Tumors were staged after resection
according to the 7th edition of the American Joint
Committee on Cancer Staging Manual [16]. This study
was approved by the Fox Chase Cancer Center Institu-
tional Review Board, which waived the requirement for
informed consent.

Statistical analysis

Categorical variables were compared using Fisher’s exact
test. Continuous data were expressed as the median
and range and compared using the Mann-Whitney test.
Survival analysis was performed using the Kaplan-Meier
method, and differences in survival were compared using
the log-rank test. Factors significant in univariate ana-
lysis (P <0.05) were entered into multivariate analysis,
performed using the Cox proportional-hazards model.
All statistical tests were two-sided; the significance par-
ameter was set at P <0.05. Statistical analysis was per-
formed using SPSS software, version 17.0 (SPSS, Inc.,
Chicago, IL, USA).

Results
Clinicopathologic factors of the 27 patients who under-
went resection of HCC are depicted in Table 1. Median

Table 2 Proportion of patients with positive immunohistochemical staining in hepatocellular carcinoma tumor tissues

stratified by underlying liver disease

Nonalcoholic fatty liver disease Hepatitis C Alcoholic hepatitis Transformed adenoma Other® P
IGF-1 8/13 6/7 1/2 2/2 3/3 0418
IGF-1R 0/13 1/7 1/2 1/2 0/3 0.085
IGF-2 13/13 717 2/2 2/2 3/3 Not applicable
IGF-2R 6/13 3/7 1/2 1/2 2/3 0.972

?One patient each with fibrolamellar carcinoma, clear cell carcinoma, and hemochromatosis. Positive staining was defined as moderately or intensely

positive staining.
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Table 3 Proportion of patients with positive immunohistochemical staining in adjacent non-neoplastic liver stratified

by underlying liver disease

Nonalcoholic fatty liver disease Hepatitis C Alcoholic hepatitis Transformed adenoma Other® P
IGF-1 8/13 4/7 2/2 2/2 3/3 0.403
IGF-1R 0/13 0/7 1/2 0/2 0/3 0.011
IGF-2 13/13 7/7 2/2 2/2 3/3 Not applicable
IGF-2R 6/13 2/7 2/2 2/2 3/3 0.087

?One patient each with fibrolamellar carcinoma, clear cell carcinoma, and hemochromatosis. Positive staining was defined as moderately or intensely

positive staining.

follow-up was 26 months (range, 2 to 136 months). One
patient died from postoperative complications.

Expression levels of IGFs and their receptors were not
associated with patients’ underlying liver disease, with
the exception of IGF-1R (Tables 2 and 3). In HCC tumor
samples, IGF-1R expression was low in 24 of 27 patients.
In adjacent noncancerous liver, IGF-1R was strongly
expressed in only one patient with alcoholic hepatitis.
Intense immunoreactivity was observed for IGF-2 in all
paired samples of tumor and background liver.

Associations between clinicopathologic factors and expression
of IGF ligands and receptors in HCC tumor samples

The HCC expression of IGF-2R was significantly higher
in men, with strong staining in 10 of 14 men versus 3 of
13 women (P =0.021). Expression levels of IGFs and
their receptors in HCC were not associated with patient
age, American Joint Committee on Cancer stage, tumor
size, number, grade, serum o-fetoprotein concentration,
Model for End-Stage Liver Disease score, or the pres-
ence of vascular invasion (all P > 0.05).

Associations between clinicopathologic factors and
expression of IGF ligands and receptors in paired samples
of adjacent non-neoplastic liver

Expression of IGF-1 was low in non-neoplastic liver in 6
of 10 patients with cirrhosis, compared with 2 of 17 pa-
tients without cirrhosis (P = 0.025, Figure 2).

Figure 2 Representative IGF-1 expression in hepatocellular
carcinoma. Immunohistochemical staining in a patient with
cirrhosis showing higher IGF-1 expression in (a) hepatocellular
carcinoma compared with (b) adjacent non-neoplastic liver.
Original magnifications, 20x and 40x for (a) and (b), respectively.

Expression of IGFs and their receptors in adjacent
noncancerous liver was not associated with patient age,
sex, American Joint Committee on Cancer stage, tumor
size, number, grade, serum a-fetoprotein, or the pres-
ence of vascular invasion (all P> 0.05).

Overall survival and differential IGF-1 expression in tumor
versus adjacent non-neoplastic liver

Higher IGF-1 expression in non-neoplastic liver was associ-
ated with significantly poorer median survival of 22 months
(95% confidence interval, 0 to 54 months), compared with
72 months (95% confidence interval, 37 to 107 months) with
equal or lower IGF-1 expression in adjacent liver relative to
tumor (P = 0.006, Figure 3). On multivariate analysis, higher
IGF-1 expression in adjacent noncancerous liver remained
an independent predictor of overall survival (Table 4).

Discussion
Nonalcoholic fatty liver disease is emerging as a major public
health concern in the United States, owing to its progression

IGF-1 expression
— — — Adjacentliver<tumor

——— Adjacentliver> tumor

Proportion surviving

0.2

p=0.006

T T T T T
0 25 50 75 100 125

Overall survival (months)

Figure 3 Kaplan-Meier curves of patients with hepatocellular
carcinoma. Overall survival in 27 patients undergoing resection of
hepatocellular carcinoma was significantly lower in patients with
higher IGF-1 expression in adjacent non-neoplastic liver compared
with tumor.
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Table 4 Multivariate analysis of overall survival
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Factor Median overall survival (range)® Univariate P value Multivariate Hazard ratio (95%
P value confidence ratio)

Cirrhosis 0.506

Yes,n =10 56 (29 to 83)

No,n =17 77 (27 t0 127)

Vascular invasion 0.020 0.048 4477 (1013 to 19.789)

Yes,n =9 30 (22 to 38)

No,n =18 72 (43 to 101)

Multiple tumors 0469

Yes,n =5 56 (35 to 77)

No, n =22 72 (12 t0 132)

Size >5 cm 0448

Yes, n =14 31 (0 to 73)

No,n =13 72

Underlying liver disease 0.652

Nonalcoholic fatty liver disease, n = 13 30

Hepatitis C, n =7 77

Alcoholic hepatitis, n = 2 22

Transformed adenoma, n = 2 Not reached

Other, n = 3° 31

Sex 0.275

Male, n = 14 72 (35 to 109)

Female, n = 13 43 (26 to 60)

Age Not estimable 0.099

American Joint Committee on Cancer stage 0.212

Ln=16 72 (8 to 136)

Ibn=8 31 (29 to 33)

n,n=3 136

Grade 0427

1,n=13 72 (43 to 102)

2,n=28 30

3,n=4 Not estimable

Unknown, n =2 13

Serum a-fetoprotein concentration Not estimable 0.099

Model for End-Stage Liver Disease score Not estimable 0482

Higher IGF-1 expression in adjacent liver than tumor 0.006 0.040 7.889 (1.096 to 56.761)

Yes,n=3

No, n = 24

22 (0 to 54)
72 (37 to 107)

2Range not estimable in all categories. POne patient each with fibrolamellar carcinoma, clear cell carcinoma, and hemochromatosis.

to steatohepatitis, cirrhosis, and HCC. It affects 30% of the
United States population and 90% of the morbidly obese
[1]. The molecular mechanisms underlying malignant
transformation in NAFLD to HCC are not well elucidated.
Dysregulation of the IGF pathway is implicated in the
pathogenesis of HCC, particularly in patients with NAFLD

and the metabolic syndrome, which are associated with in-
sulin resistance, chronic hyperinsulinemia, and increased
levels of bioavailable IGE-1. In this study, expression levels
of IGF-1, IGF-2, and their receptors were determined in
paired samples of tumor and adjacent non-neoplastic liver
from patients who underwent liver resection for HCC.
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The most common chronic liver disease was NAFLD,
followed by hepatitis C and alcoholic hepatitis. Our pre-
liminary results demonstrate that expression levels of
IGF ligands and receptors are not associated with pa-
tients’ underlying liver disease.

In this report, IGF-1 expression in adjacent non-
neoplastic liver was low in patients with cirrhosis com-
pared with noncirrhotic patients. These results are
consistent with prior studies showing reduced serum
levels of IGF-1 in patients with hepatocellular dysfunc-
tion [17,18]. The chief stimulus for IGF-1 synthesis is
growth hormone binding to its receptors on hepatocytes,
leading to Igfl gene transcription. In patients with
chronic liver disease, the decline in circulating IGF-1
levels is hypothesized to result from decreased func-
tional liver mass and an attenuated IGF-1 response to
growth hormone stimulation. In a recent study of 288
patients with HCC, low plasma IGF-1 levels were found
to correlate with advanced clinicopathologic parameters
and poor overall survival [19].

A key finding in this study was that higher IGF-1 ex-
pression in adjacent non-neoplastic liver than in tumor
correlated with significantly poorer survival after resec-
tion of HCC. On multivariate analysis, higher IGF-1 in
background liver and vascular invasion remained inde-
pendent predictors of worse outcome. Activation of the
IGF-1 signaling cascade leads to upregulation of down-
stream mitogens, including MAPK and PI3K/Akt. Pre-
clinical studies have identified local IGF-1 synthesis in
several cancer cell types, including HCC, leading to
autocrine and paracrine effects on cell cycle progres-
sion and inhibition of apoptosis [8,12]. Our results sup-
port the hypothesis that during hepatocarcinogenesis,
secretion of IGF-1 by adjacent hepatocytes may lead to
paracrine stimulation of HCC and more aggressive
tumor behavior.

The present data underscore the importance of IGF-2
in the pathogenesis of HCC. We found strong IGF-2
immunoreactivity in all samples of HCC and adjacent
non-neoplastic liver. Other investigators have observed
upregulation of IGF-2 in 16% to 100% of HCCs [20,21].
Consistent with our findings, Park et al [22] identified
IGF-2 immunoreactivity in paired noncancerous liver
tissues, both at a distance from HCC tumors and in close
contact with the growing edges of tumor. In normal
adult liver, IGF-2 expression is low, and its physiologic
function is unclear. However, in hepatitis and cirrhosis,
IGF-2 expression is increased, owing to reactivation of
fetal promoters that induce Igf2 gene transcription [23].
Upregulation of IGF-2 leads to multiple oncogenic ef-
fects, including cell proliferation, anti-apoptosis, and
angiogenesis [3].

The chief limitation of this study is the small numbers
of patients, and our results require validation in a larger

Page 6 of 7

sample population. We did not examine immunoreactivity
of insulin receptor substrates and binding proteins, which
are key components of the IGF signaling cascade. In
addition, we plan to examine downstream effects of IGF
signaling dysregulation, including effects on the PI3K and
MAPK pathways.

Conclusions

In conclusion, NAFLD was the most common under-
lying liver disease in this study of patients undergoing
resection of HCC. Expression levels of IGF ligands and
receptors did not correlate with patients’ underlying liver
disease. Others have reported overexpression of the IGF
receptors in HCC, which was not observed in the
current study, although our results should be interpreted
cautiously, owing to the small number of patients [23].
Insulin-like growth factor-2 demonstrated strong immu-
noreactivity in all patient samples of tumor and adjacent
liver, indicating the importance of IGF-2 in early and late
stages hepatocarcinogenesis. Insulin-like growth factor-1
staining was low in the background liver of cirrhotic
patients, consistent with previous literature showing low
IGF-1 levels in patients with hepatocellular dysfunction.
Patients with higher expression of IGF-1 in adjacent
liver than in tumor had significantly lower overall
survival, suggesting that increased IGF-1 synthesis by
neighboring hepatocytes may lead to aggressive tumor
biology. These results merit confirmation in a larger
number of patients and support continued investigation
of the IGF signaling cascade for potential therapeutic
targets in HCC.

Abbreviations

HCC: hepatocellular carcinoma; IGF: insulin-like growth factor; IGF-1:
insulin-like growth factor-1; IGF-1R: insulin-like growth factor-1 receptor;
IGF-2: insulin-like growth factor-2; IGF-2R: insulin-like growth factor-2
receptor; MAPK: mitogen-activated protein kinase; NAFLD: nonalcoholic
fatty liver disease; PI3K/Akt: phosphatidylinositide 3-kinase/Akt; SHC: Src
homology 2 domain-containing transforming protein 1.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

YSC participated in the study design, analyzed the data, and prepared the
manuscript. MH acquired materials, interpreted data, and prepared the
manuscript. LR acquired materials, performed the immunohistochemistry,
and prepared the manuscript. MVM participated in the study design and
prepared the manuscript. All authors read and approved the final
manuscript.

Acknowledgement
This work was supported, in part, by the Marvin S. Greenberg, MD, Fund at
Fox Chase Cancer Center.

Author details

'Hepato-Pancreato-Biliary Programs, Virginia Piper Cancer Institute, 800 E.
28th Street, Suite 602, Minneapolis, MN 55407, USA. 2Department of
Pathology, Fox Chase Cancer Center, 333 Cottman Avenue, Philadelphia, PA
19111, USA. *Department of Medical Oncology, Fox Chase Cancer Center,
333 Cottman Avenue, Philadelphia, PA 19111, USA.



Chun et al. World Journal of Surgical Oncology 2014, 12:231
http://www.wjso.com/content/12/1/231

Received: 26 May 2014 Accepted: 20 July 2014
Published: 22 July 2014

References

1. Page JM, Harrison SA: NASH and HCC. Clin Liver Dis 2009, 13:631-647.

2. Guzman G, Brunt EM, Petrovic LM, Chejfec G, Layden TJ, Cotler SJ: Does
nonalcoholic fatty liver disease predispose patients to hepatocellular
carcinoma in the absence of cirrhosis? Arch Pathol Lab Med 2008,
132:1761-1766.

3. Breuhahn K, Longerich T, Schirmacher P: Dysregulation of growth
factor signaling in human hepatocellular carcinoma. Oncogene 2006,
25:3787-3800.

4. Baffy G, Brunt EM, Caldwell SH: Hepatocellular carcinoma in non-alcoholic
fatty liver disease: an emerging menace. J Hepatol 2012, 56:1384-1391.

5. Torres DM, Harrison SA: Nonalcoholic steatohepatitis and noncirrhotic
hepatocellular carcinoma: fertile soil. Semin Liver Dis 2012, 32:30-38.

6. Mathur A, Franco ES, Leone JP, Osman-Mohamed H, Rojas H, Kemmer N,
Neff GW, Rosemurgy AS, Alsina AE: Obesity portends increased morbidity
and earlier recurrence following liver transplantation for hepatocellular
carcinoma. HPB (Oxford) 2013, 15:504-510.

7. Calle EE, Kaaks R: Overweight, obesity and cancer: epidemiological
evidence and proposed mechanisms. Nat Rev Cancer 2004, 4:579-591.

8. Scharf JG, Braulke T: The role of the IGF axis in hepatocarcinogenesis.
Horm Metab Res 2003, 35:685-693.

9. Bugianesi E: Non-alcoholic steatohepatitis and cancer. Clin Liver Dis 2007,
11:191-207. x=xi.

10. Oh JC, Wu W, Tortolero-Luna G, Broaddus R, Gershenson DM, Burke TW,
Schmandt R, Lu KH: Increased plasma levels of insulin-like growth
factor 2 and insulin-like growth factor binding protein 3 are associated
with endometrial cancer risk. Cancer Epidemiol Biomarkers Prev 2004,
13:748-752.

11. Ryan PD, Goss PE: The emerging role of the insulin-like growth factor
pathway as a therapeutic target in cancer. Oncologist 2008, 13:16-24.

12. Pollak M: The insulin and insulin-like growth factor receptor family in
neoplasia: an update. Nat Rev Cancer 2012, 12:159-1609.

13. Sedlaczek N, Hasilik A, Neuhaus P, Schuppan D, Herbst H: Focal overexpression

of insulin-like growth factor 2 by hepatocytes and cholangiocytes in viral
liver cirrhosis. Br J Cancer 2003, 88:733-739.

14. Tamn C, Rink L, Merkel E, Flieder D, Pathak H, Koumbi D, Testa JR, Eisenberg
B, von Mehren M, Godwin AK: Insulin-like growth factor 1 receptor is a

potential therapeutic target for gastrointestinal stromal tumors. Proc Nat!

Acad Sci USA 2008, 105:8387-8392.

15. Belinsky MG, Rink L, Cai KQ, Ochs MF, Eisenberg B, Huang M, von Mehren
M, Godwin AK: The insulin-like growth factor system as a potential
therapeutic target in gastrointestinal stromal tumors. Cell Cycle 2008,
7:2949-2955.

16.  Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A: AJCC Cancer
Staging Manual. New York: Springer; 2010.

17. Assy N, Pruzansky Y, Gaitini D, Shen Orr Z, Hochberg Z, Baruch Y: Growth
hormone-stimulated IGF-1 generation in cirrhosis reflects hepatocellular
dysfunction. J Hepatol 2008, 49:34-42.

18.  Bonefeld K, Moller S: Insulin-like growth factor-I and the liver. Liver Int
2011, 31:911-919.

19.  Kaseb AO, Morris JS, Hassan MM, Siddiqui AM, Lin E, Xiao L, Abdalla EK,
Vauthey JN, Aloia TA, Krishnan S, Abbruzzese JL: Clinical and prognostic
implications of plasma insulin-like growth factor-1 and vascular
endothelial growth factor in patients with hepatocellular carcinoma.

J Clin Oncol 2011, 29:3892-3899.

20. Cariani E, Lasserre C, Seurin D, Hamelin B, Kemeny F, Franco D, Czech MP,
Ullrich A, Brechot C: Differential expression of insulin-like growth factor
I mRNA in human primary liver cancers, benign liver tumors, and
liver cirrhosis. Cancer Res 1988, 48:6844-6849.

21, Nussbaum T, Samarin J, Ehemann V, Bissinger M, Ryschich E, Khamidjanov
A, Yu X, Gretz N, Schirmacher P, Breuhahn K: Autocrine insulin-like growth
factor-Il stimulation of tumor cell migration is a progression step in
human hepatocarcinogenesis. Hepatology 2008, 48:146-156.

Page 7 of 7

22, Park BC, Huh MH, Seo JH: Differential expression of transforming growth
factor a and insulin-like growth factor Il in chronic active hepatitis B,
cirrhosis and hepatocellular carcinoma. J Hepatol 1995, 22:286-294.

23, Cantarini MC, de la Monte SM, Pang M, Tong M, D'Errico A, Trevisani F,
Wands JR: Aspartyl-asparagyl 3 hydroxylase over-expression in human
hepatoma is linked to activation of insulin-like growth factor and notch
signaling mechanisms. Hepatology 2006, 44:446-457.

doi:10.1186/1477-7819-12-231

Cite this article as: Chun et al.: Expression levels of insulin-like growth
factors and receptors in hepatocellular carcinoma: a retrospective study.
World Journal of Surgical Oncology 2014 12:231.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Tissue microarray construction
	Immunohistochemistry
	Correlation with clinicopathologic factors
	Statistical analysis

	Results
	Associations between clinicopathologic factors and expression of IGF ligands and receptors in HCC tumor samples
	Associations between clinicopathologic factors and expression of IGF ligands and receptors in paired samples of adjacent non-neoplastic liver
	Overall survival and differential IGF-1 expression in tumor versus adjacent non-neoplastic liver

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


