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ABSTRACT 
Transforming growth factor beta-1 (TGF-β1) is an important mediator which 

controls liver cell proliferation and replication. The relation between TGF-β1, Alpha-
fetoprotein (AFP) and clinically thought hepatocellular carcinoma (HCC) in rats were 
investigated to clarify the clinical value of measuring peripheral serum TGF-β1 and AFP 
in evaluation of HCC. Peripheral serum TGF-β1 and AFP were measured during 
chemically induced hepatocarcinogenesis. Male rats were given a genotoxic compound 
diethylnitrosamine (DEN) in drinking water for 149 days with control receiving drinking 
water only. Animals were killed at different times intervals 54, 86 and 149 days, serum 
TGF-β1 levels were measured by, Enzyme Linked Immunosorbent Assay (ELISA) and 
AFP levels were assayed by immunoradiometric assay (IRMA). In DEN treated rats 54 
days, there was mild portal tract inflammatory cellular infiltrate, serum TGF-β1 and AFP 
levels were both significantly elevated above control (P>0.05 and P<0.001). At 86 days 
there were moderate inflammation (portal and periportal), serum TGF-β1 and AFP levels 
were significantly increased, (P<0.001). At 149 days typical HCC were present in ten of ten 
rats and serum TGF-β1 and AFP were both significantly elevated compared with controls, 
(P<0.001). It can be concluded that serum TGF-β1 and AFP levels are elevated during 
chemically induced HCC and have roles during the stages of process (initiation, promotion 
and progression); both serum TGF-β1 and AFP levels can be used in parallel as a non 
invasive tumor markers for early diagnosis and prognosis of HCC. 
Key Words: Transforming growth factor Beta-1/ Alpha-fetoprotein/ Diethylnitros-

amine/ Hepatocellular Carcinoma/ Rats  
Corresponding author: MR. Abdelgawad  
 E-mail:  mr_abdelghawad@yahoo.com 
   

INTRODUCTION 
 

Nitrosamine-induced DNA adducts formation, is similar in rodents and men.(1) DEN is a so-
called complete liver carcinogen, a single dose of which can, under certain conditions, induce the 
formation of HCC. DEN inhibits mitosis in the liver, induces hypomethylation and promotes the 
development of EAF.(2) Relatively short period of exposure to DEN was the origin of the 
formation of EAF and cancer.(3)  

 
Several serum markers are thought to be involved in mediating the proliferation of hepatocytes 

after liver injury.(4) After liver injuries, growth factors genes are activated including TGF-β1.(5) 
Once secreted, latent TGF-β1 is thought to attach to the cell surface or the surrounding 
extracellular matrix, where it is stored until needed. Inactivation of TGF-β1 prior to its release 
from cell seems to be part of the complex manner in which action of TGF-β1 is regulated.(6) 

 

The TGF-β superfamily includes secreted signaling molecules that mediate a wide range of 
physiological processes. Thirty members of the TGF-β family have been described in humans and 
many orthologs are known in mouse, Xenopus and Drosophila.(7) These growth factors are 
structurally related polypeptides that share a cluster of conserved cysteine residues.(8) Members of 



the family comprise the TGF-betas, activins, inhibins, bone morphogenetic proteins, Mullerian-
inhibiting substance, nodal, dorsalin.( 9) 

 
In mammals, TGF-β has three isoforms TGF-β1, TGF-β2, and TGF-β3 that are highly 

conserved but differ in their binding affinity for the TGF-β receptors.(10) They have the 
characteristics of secreted polypeptides, carrying a hydrophobic signal sequence for trans-location 
across the endoplasmic reticulum and are glycosylated. Each isoform is synthesized as part of a 
large precursor molecule and is encoded by a distinct gene that is expressed in both a tissue-
specific and a developmentally regulated manner. While the expression of TGF-betas 2 and 3 is 
more developmentally and hormonally regulated, the type 1 isoform is selectively induced in 
response to a variety of signals, including the products of immediate early genes and certain 
oncogenes.(11)  Also, unlike the other two isoforms, TGF-β1 is unique in its ability to induce its 
own expression through a process of auto induction.(12) 

  
Despite a high degree of structural similarity, the isoforms are not functionally redundant. 

Isoform specific activities are now more evident through models in which expression of each 
individual isoform has been disrupted. These knockouts demonstrate that the selective loss of 
each isoform in vivo yields a distinct, severely abnormal phenotype.(13) 

 
TGF-β1, which was first isolated from human platelets in 1980s,(14) TGF-β1 is a disulfide-

linked homodimer of two 112 amino acid chains. Each chain is synthesized as the C-terminal 
domain of a 390 amino acid precursor. The inactive precursor is cleaved from the amino-terminal 
glycopeptide at a tetrabasic cleavage site.(15) Although TGF-β1 is cleaved from the propeptide 
before the cell secretes the precursor; it remains attached to it by noncovalent bonds. It is secreted 
as a latent complex, consisting of a noncovalently associated 75-kDa glycoprotein, known as the 
latency associated protein (LAP) and a covalently bound 135-kDa binding protein.(16) There are 
four TGF-β1 latent binding proteins. These are encoded by different genes and are expressed in a 
tissue-specific fashion.(17) The attachment of TGF-β1 to the binding protein by disulfide bonds 
prevents it from binding to its receptors. Activation of this latent complex represents an important 
level of regulation of TGF-β1 activity.(16) TGF-β1 is released from the complex by the matrix 
glycoprotein thrombo-spondin-1. This is accomplished by changing the conformation of the latent 
TGF-β1 binding protein.(18) TGF-β1 can also be activated by plasmin-mediated cleavage of the 
complex or in platelets from intracellular granules that are released on platelet activation.(19) 

 
TGF-β1 regulates cellular processes by binding to three high-affinity TGF-β receptors known 

as types I, II, and III7. The type III receptors are not involved in signaling themselves,(20) but 
facilitate it by binding TGF-β1 and then transferring it to its receptors, the type I and II 
receptors.(21) The type I and II receptors contain serine-threonine protein kinases in their 
intracellular domains that initiate intracellular signaling by phosphorylating transcription factors 
known as Smads (derived from the Sma and MAD gene homologues in Caenorhabditis elegans 
and Drosophila melanogaster). Smad genes are the intracellular mediators of TGF-β1 
signaling.(22) Various experimental models of disease have demonstrated that TGF-β1 regulates 
the cellular functions and interactions of the immune system in both humoral and cell-mediated 
immunity and disease pathogenesis. Activation of the latent forms of TGF-β1, which are blocked 
from receptor binding, is an important post-transcriptional control point in both physiological and 
pathological actions of TGF-β1.(23)  

In the present study, we used two markers in studies of hepato-carcinogenesis in rats at 
various stages following exposure to chemical carcinogen DEN. The aim of this study is to 
investigate the relationship between the average serum levels of TGF-β1, AFP and progression 
and transformation from normal liver to HCC.  

 



MATERIALS 
Experimental animals: Adult male rats (42 rats) with an average body weight of 250-275g, 
obtained from Biological Applications Department, Animal Resources Unit. They were randomly 
divided into cages 5 rats each (except the last cage contains 4 rats only), housed in a room under 
controlled conditions, maintained on a commercial laboratory diet and tap water ad libtium for 2 
weeks for adaptation. 

a- Control rats group: Eighteen rats were maintained on the same diet and drinking 
water throughout the experiment. 

b- Hepatocellular carcinoma bearing rats group: Twenty four Rats were maintained on 
the same commercial laboratory diet and ad libitum drinking tap water containing 50 
µg/l DEN, from 500 ml glass bottles covered with aluminum foil to prevent photolysis of 
DEN purchased from Sigma chemical Co., St. Lous, MO, USA. The bottles were refilled 
every another day for 149 days. After different time intervals (54, 86 and 149 days), 
many rats from each group, were anesthetized by chloroform and killed after blood 
collection for suitable assays by cardiac puncture using stainless steel needle and serum 
was stored at -70 oC. Livers were excised, cut to small parts, washed well with cold saline 
and were preserved in 10% formalin.  

Serum TGF-β1 levels were measured by solid phase sandwich ELISA, Belgium and 
AFP levels were assayed by two-step IRMA, Belgium as surrogate markers for HCC. 

RESULTS 
Adult male rats (42 rats), 24 rats, hepatoma bearing rats, 2 died from the last group 
(8.3%) and control rats 18. The results were statistically assayed using ANOVA one 
way statistical analysis and tukey-kramer test for compare all pairs of means. Table (1) 
show that, serum TGF-β1 and AFP levels among the control groups and HCC groups 
after 54, 86 and 149 days from receiving DEN as chemical genotoxic carcinogen there 
are significant increases in the average serum TGF-β1 (Pg/ml) and AFP (IU/ml) levels 
between control groups and treated groups and in-between treated groups. In DEN 
treated rats at 54 days, there was mild portal tract inflammatory cellular infiltrate, 
fig.(2), at 86 days there were moderate inflammation (portal and periportal), Fig.(3), at 
149 days typical HCC were present in ten of ten rats (100%), fig.(4). 
 

Table (1): The mean (±SE) of TGF-β1 and AFP levels in control and 
clinically thought HCC rats at different intervals of chemical carcinogen 
induction. 
 

54 days group 86 days group 149 days group Item 
(n) Control a 

(6) 
HCC b 

(5) 
Control c 

(7) 
HCC d 

(7) 
Control e 

(5) 
HCC f 

(10) 
TGF-β1 
pg/ml 
(P) 

14±1.4 
 

21.7±1.2 
 
<0.05f 

14.2±0.8 
 
<0.001d 

26.3±2.1 
 

14.3±1.2 
 
<0.001f 

30.6±2.1 
 

AFP 
IU/ml  
(P) 

0.27±0.02 
 
<0.05b 

0.41±0.02 
 

0.27 ±0.02
 
<0.001d 

0.54±0.05
 

0.27±0.3 
 
<0.001f 

0.47±0.02 
 

P<0.05: Significant  P<0.001:Extremely significant 
a: Control (54 days) b: HCC (54 days) c: Control (86 days) 
d: HCC (86 days) e: Control (149 days f: HCC (149 days) 



 
 
 

 
 
 
 
 
 
 
 

 
 

DISCUSSION 
 

AFP is present in all mammals with a significant degree of homology but definitive 
immunological cross-reactions between species occur, for example, among AFP in human, 
monkey, pig, dog, cat, and calf. Early studies of a protein similar to AFP found in birds, reptiles, 
amphibians, and likely in sharks are underway.(24) AFP is a well-established early lineage marker 
in liver development. Multiple AFP RNAs are expressed in the rat liver and are differentially 
regulated during development.(25) Full length AFP has been shown to be expressed in oval cells 
and in small basophilic hepatocytes during the early stages of carcinogenesis;(26) hence AFP 
expression can be used as an indicator for early hepatic lineage.(27) That is unequivocal in Table, 
(1). Elevated serum AFP values are the result of altered hepatocyte-hepatocyte interaction and 
loss of normal architectural arrangements.(28) The role of AFP in detection and treatment 
monitoring of HCC is more complicated as is the case for benign liver disease and liver 
metastases. 

 
 
TGF-β1 family of cytokines is ubiquitous, multifunctional, and essential to survive.(29) They 

play important roles in cell growth and differentiation, inflammation, immune regulation and 
tissue repair.(30) 

 
The increased TGF-β1 level in patients with HCC has to be explained as TGF-β1 is known as a 

potent inhibitor of hepatocytes growth and proliferation (31) and the mechanism of this inhibitory 
effect is the ability of TGF-β1 to induce dephosphorylation of the retinoblastoma gene product 
which because of its affinity for DNA could inhibit the entry of the cells into the S phase.(32) 
Based on this inhibitory effect on liver cell growth, it might be expected that TGF-β1 would 
decrease during carcinogenesis but the opposite seems true as in the present study.  



 
This discrepancy is though to be caused by the loss of sensitivity of these cells to growth 

inhibitory effects of TGF-β1. Moreover, acquisition of resistance to the growth inhibitory effects 
of TGF-β1 is correlated with the degree of tumorigenicity of the transformed cell lines.(32) There 
is a prevalence of one adenine deletion in TGF-β1 receptor II in malignant cells. This mutation 
makes the receptor in the cytoplasm of tumor cells but not on the plasma membrane,(33) so TGF-
β1 can not bind its receptor. 

TGF-β1 inhibitory effect needs a critical ratio of the different TGF-β1 receptors.(34) The 
cellular source of elevated TGF-β1 level in cases of HCC was found to be the tumor cells itself 
detected by immunohistochemistry technique. Following TGF-β1 expression by the tumor cells, 
it is activated in the extracellular compartment but unable to control cell proliferation because of 
the absence or the low level of TGF-β1 receptors on the plasma membrane of the malignant 
hepatocytes. This potential mechanism might interrupt the autocrine regulation loop of TGF-β1 
and its blocking effect on cell proliferation.(32) Another explanation to the role of TGF-β1 in 
malignancy was reported that homogenous deletion in Smad 4 leads to unresponsiveness to 
circulating TGF-β1.(35)  

 
TGF-β1 can play two different and opposite roles with respect to the progression of the 

malignant process. During the earliest stages of carcinogenesis, TGF-β1 can act as a potent 
tumor suppressor and may mediate the actions of chemopreventive agents such as retinoids and 
tamoxifen. However, at some points during the development and progression of malignant 
neoplasms, bioactive TGF-β1 makes its appearance in the tumor micro-environment and the 
tumor cells appear to escape from TGF-β1 dependent gene arrest.(36) Thus, TGF-β1 production 
may also contribute to tumor angiogenesis in HCC, so enhancing its spread.(37) 

 
In summary, we found that during the development of chemically induced HCC in rats, there 

are significant elevations of serum TGF-β1 and AFP levels, which may constitute non invasive 
markers during the early stages of hepatocarcinogenesis and progression. 
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