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Transforming Growth Factor-Beta 1, Activin and Follistatin in Patients
with Hepatocellular Carcinoma and Patients with Alcoholic Cirrhosis

M.-F. Yuen, S. Norris, L. W. Evans, P. G. Langley & R. D. Hughes
Institute of Liver Studies, Guy’s, King’s and St Thomas’ School of Medicine, London, UK; Dept. of
Medicine, The University of Hong Kong, Queen Mary Hospital, Hong Kong; School of Biological
and Molecular Sciences, Oxford Brookes University, Oxford, UK

Yuen MF, Norris, S, Evans LW, Langley PG, Hughes RD. Transforming growth factor-bet a 1, activin
and follistatin in patients with hepatocellula r carcinoma and patients with alcoholic cirrhosis . Scand J
Gastroenterol 2002;37:233 –238.

Background: Transforming growth factor-beta 1 (TGF-b1) exerts an inhibitory effect on DNA synthesis
in hepatocytes . Activin, through different mechanisms, also exhibits an apoptotic effect on hepatocytes .
Follistatin antagonize s the actions of activin. Methods: Patients with hepatocellula r carcinoma (HCC,
n = 20), patients with alcoholic cirrhosis (n = 12), patients with cirrhosis due to other causes (n = 5) and
normal controls (n = 19) were studied. TGF-b1, activin and follistatin concentration s in blood and ascites
were measured by ELISA. Results: All three groups of patients had signi� cantly higher serum levels of
total TGF-b1, activin and follistatin compared to those of controls. In patients with HCC, the total TGF-
b1 level correlated negatively with tumour size (r = ¡0.644, P = 0.001). The activin level correlated with
alkaline phosphatase (ALP) level (r = 0.374, P = 0.046). The follistatin level correlated with the ALP
level (r = 0.404, P = 0.026), and the glutamyl transpeptidas e level (r = 0.457, P = 0.01). In patients with
alcoholic cirrhosis , serum activin correlated with the Child-Pugh score (r = 0.601, P = 0.01). The levels of
the cytokines in ascites (n = 16) did not correlate with the correspondin g levels in serum. Conclusions:
Serum levels of total TGF-b1, activin and follistatin were elevated in patients with hepatocellula r
carcinoma and in patients with alcoholic cirrhosis . Apoptosis of tumour cells may be reduced by a
subsequen t decrease in serum TGF-b1 levels when the tumours expand in size. Activin and follistatin
were associated with tumour activity, as both correlated with ALP and/or GGT levels. Further studies are
required to de� ne the exact relationships between these cytokines , the dynamics of tumour growth and
their signi� cance in cirrhosis .
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Man-Fung Yuen, Honorary Clinical Assistant Professor, Division of Gastroenterolog y and Hepatology,
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Transforming growth factor-beta (TGF-b), produced by
non-parenchymal cells in the liver (1), is known to
exert an inhibitory effect on DNA synthesis in

hepatocytes (1, 2) and induce hepatocyte apoptosis (3, 4).
TGF-b1 is the prototype of TGF-b family (5). TGF-b1 is
involved in the process of � brogenesis, and is implicated in
the development of cirrhosis of the liver (6). As a result,
elevated serum TGF-b1 levels are found in patients with
cirrhosis (7, 8). In addition, studies have shown that the
expression of TGF-b1 is upregulated in hepatocellular
carcinoma (HCC) (8–10). However, the relationship between
TGF-b1 and the clinical characteristics/parameters of HCC is
not well de� ned.

Activin, produced by parenchymal cells in the liver, is
another member of the TGF-b superfamily. As with TGF-b1,
it also inhibits DNA synthesis in hepatocytes and induces
apoptosis (11, 12). Although the biological functions are
similar to those of TGF-b1, it has been shown that TGF-b1
and activin act differently with respect to the time of onset of

their action on hepatocyte cultures and bind to different cell
membrane receptors (13). Follistatin is known to antagonize
the biological action of activin by binding to it in a stoichio-
metric manner (14, 15).

These three cytokines interact with each other (16). The
relationship between TGF-b1, activin and follistatin in
patients with HCC and alcoholic liver cirrhosis has not been
studied previously. In addition, the levels of these cytokines
in the ascitic � uid of patients with cirrhosis are not known.
The aim of this study was to investigate the role of TGF-b1,
activin and follistatin in patients with HCC and patients with
alcoholic cirrhosis. In patients with ascites, the levels of the
cytokines were also measured in the ascitic � uid to determine
their possible clinical signi� cance.

Patients and Methods

A total of 37 patients were studied. Twenty patients had HCC,
12 alcoholic cirrhosis and 5 cirrhosis due to other causes (1
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Budd-Chiari syndrome; 1 primary sclerosing cholangitis; 1
chronic hepatitis C infection; 2 cryptogenic). All patients had
clinical, biochemical and/or biopsy proven evidence of liver
cirrhosis. For patients with alcohol-related cirrhosis, there
was a documented history of heavy alcoholic intake for more
than 10 years, along with exclusion of other causes of liver
cirrhosis. For the etiologies of the HCC, 8 patients had
chronic hepatitis C infection; 4 had alcoholic cirrhosis; 3 had
chronic hepatitis B infection and the remaining 5 patients had
cirrhosis due to other miscellaneous causes. The diagnosis of
HCC was based on elevated alpha-fetoprotein (AFP) level
(>20 ng/ml; n = 11) and/or liver biopsy (n = 5) and/or com-
puted tomography (CT) along with hepatic angiography
(n = 20). Nineteen normal healthy non-alcoholic subjects,
who were negative for HBsAg and anti-HCV, were recruited
as controls.

Blood samples for sera were collected from all patients
admitted to King’s College Hospital during the period from
January to November 1998 for the measurement of total and
free TGF-b1, activin and follistatin levels. For patients with
ascites (n = 16), the ascitic � uid was obtained during para-
centesis. Serum and ascitic � uid samples were frozen as soon
as possible after collection and stored at ¡70 °C until the
assays were performed.

Assays
The levels of the cytokines were measured by enzyme-

linked immunosorbent assays (ELISA). The total TGF-b1
was measured after acid activation of the samples, as the
majority of the serum TGF-b1 is produced in a latent form in

the body (17, 18). To measure the free TGF-b1 level, no acid
activation was required. The acid-activation and ELISA were
performed in accordance with the manufacturer’s instructions
for the kit (Promega, Southampton, UK). Brie� y, for acid
activation, a 50 ml diluted (5£) sample of serum or ascitic
� uid in phosphate buffer solution (PBS) was acidi� ed with
1 ml of 1N HCl and then neutralized by 1 ml of 1N NaOH.
Dynatech Immulon-4 plates were coated with anti-TGF-b1
monoclonal antibody. Duplicates of the test and standard
samples (100 ml/well), diluted (£33) by the sample buffer
provided by the manufacturer, were incubated on the plate.
Primary anti-TGF-b1 antibody (10 ml) was added, followed
by the addition of antibody-peroxidase enzyme conjugate
(10 ml). Finally, the level of TGF-b1 was determined using a
microplate reader (Dynatech MRX) from the absorbance at
450 nm.

The assay for the measurement of activin-A was adapted
from that of Knight et al. (19). A Nunc Maxisorp plate was
coated with E4, a monoclonal antibody raised to a synthetic
peptide which corresponded to a region of the activin-bA-
subunit. Test samples were diluted in 5% (w/v) bovine serum
albumin (BSA)/PBS and an equal volume of sodium dodecyl
sulfate (10% w/v) was added. Twenty-� ve microlitres of
Triton assay diluent (0.1M Tris-buffered saline containing
10% (w/v) BSA, 5% (v/v) Triton X-100, 0.1% (w/v) sodium
azide) was added to each well. Duplicate 100 ml standard/
samples were added, followed by 25 ml of diluted biotinylated
E4. The plate was incubated overnight in a sealed moist box.
The next day the plate was washed and 50 ml/well streptavidin
alkaline phosphatase conjugate added. After incubation for 1

Table I. The demographic data in the three groups of patients and controls studied

HCC Alcoholic cirrhosis Cirrhosis due to other causes Control

Number 20 12 5 19
Age (years) 59 (41–74) 55.5 (38–78) 45 (40–69) 45 (40–64)
Male: female 19:1 9:3 4:1 16:3
Etiology 8 – HCV Alcohol 1 – Budd Chiari syndrome —

3 – HBV 1 – primary biliary cholangiti s
4 – alcohol 1 – HCV
5 – other 2 – cryptogeni c

Albumin (g/l) 28.5 (21–38) 29 (21–37) 30 (28–32) —
Bilirubin (mmol/l) 47.5 (5–730) 111 (2–702) 50 (31–350) —
Child-Pugh grade A: B: C (%) 8 (40): 9 (45): 3 (15) 8 (67.7): 3 (25): 1 (8.3) 3 (60): 1 (20): 1 (20) —

HCV = hepatitis C virus; HBV = hepatitis B virus.
Results shown as median (range).

Table II. Serum levels of total and free TGF-b1, activin and follistatin in three groups of patients and control subjects

HCC Alcoholic cirrhosis Cirrhosis due to other causes Control

Total TGF-b1 (ng/ml) 173.2a (79.32–298.69) 153.4d (69.59–205.19) 137.7g (14.7–184.07) 30.3 (8.5–144.56)
Free TGF-b1 (pg/ml) 218 (0–2254) 128 (0–11852) 90 (0–249) 79 (0–920)
Activin (ng/ml) 1.2b (0–10.1) 1.75e (0–11.8) 1.4h (0–19.2) 0.2 (0–0.5)
Follistatin (ng/ml) 1.35c (0.6–11.6) 1.95f (1.2–6.9) 2I (1.1–18.1) 0.8 (0.3–3.7)

P values compared to controls (a <0.0001, b <0.0001, c 0.014, d <0.0001, e 0.004, f 0.001, g 0.03, h 0.015, i 0.036).
Results shown as median (range).
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h, the plate was washed and 50 ml/well alkaline phosphatase
substrate solution (ELISA Ampli� cation System, Life Tech-
nologies Ltd, Paisley, Scotland) added, and after a further 1 h
50 ml/well ampli� er solution was added. The absorbances
were read at 490 nm.

The assay for the measurement of follistatin was as
described previously (20). A Nunc Maxisorp plate was coated
with 29/9, a monoclonal antibody raised to recombinant
human FS288. Test samples were diluted in dissociating
buffer (3.5 g sodium deoxycholate, 3.4 g Tween 20, 1 g BSA,
5 ml mouse serum, 100 ml PBS). Duplicate 50 ml/well
standard/sample was added to the plate, which was then
incubated overnight in a sealed moist box. The plate was
washed and 50 ml/well diluted Fab fragment of clone 17/2
coupled with alkaline phosphatase was added and incubated
for 2 h. The plate was washed and the alkaline phosphatase
substrate solution (ELISA Ampli� cation System, Life Tech-
nologies, Ltd.) added, followed after 2 h by the ampli� cation
solution from the kit. The absorbances were read at 490 nm.

For the samples of ascitic � uid, the total protein concentra-
tion was also measured using the bicinchoninic acid protein
assay kit (Sigma, Poole, Dorset, UK). The cytokines levels
were expressed in ng per mg of protein in ascitic � uid to
standardize the samples for dilution in the ascitic � uid
volume.

Liver biochemistry, prothrombin time, AFP and renal
function were determined in all patients. Clinical manifesta-
tions of liver cirrhosis including jaundice, ascites, hepatic
encephalopathy, oesophageal varices and spontaneous bac-
terial peritonitis (SBP) were noted. Child-Pugh score was
assessed from the relevant clinical and biochemical par-
ameters. For patients with HCC, the size of the index tumour,
lobar involvement, portal vein patency and the presence of
metastasis were recorded.

Statistical analysis
The association of two categorical variables was tested by

chi-square test with Yates’ continuity correction or Fisher’s
exact test (two-tailed). The Mann-Whitney non-parametric
test was used for comparison of variables with a skewed
distribution. Kendall’s correlation was used to determine the
association of ordinal data and nominal ordered data. The P
values from multiple comparisons were corrected by the
Bonferroni method. A P value of less than 0.05 was con-
sidered to be statistically signi� cant.

Results

The demographic data of the groups studied are listed in Table
I. There were no signi� cant differences in age and sex ratio
between the patients with HCC, the patients with alcoholic
cirrhosis, the patients with cirrhosis due to other causes and
the control subjects.

The serum levels of TGF-b1, activin and follistatin in the
three groups of patients and in normal controls are given in

Table II. The levels in individual subjects are plotted in Fig. 1.
Each of the three groups of patients had signi� cantly higher
serum levels of total TGF-b1, activin and follistatin when
compared to those of the controls. However, the free TGF-b1
levels of the three groups of patients were not signi� cantly
different to those of the controls. There were no signi� cant
differences in the serum levels of total TGF-b1, free TGF-b1,
activin and follistatin between the patients with HCC, patients
with alcoholic cirrhosis and patients with cirrhosis due to
other causes.

For patients with HCC, the serum total TGF-b1 level was
negatively correlated with the size of the index tumour

Fig. 1. The serum levels of the cytokines of individual s in different
groups of subjects (a) total TGF-b1, (b) activin and (c) follistatin .
The horizontal lines represent the median levels of the cytokines in
each group.
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(r = ¡0.644, P = 0.001) (Fig. 2). There were no signi� cant
correlations between the serum total TGF-b1 level and
glutamyl transpeptidase (GGT) level or the alkaline phos-
phatase (ALP) level.

The serum activin level correlated with the serum follistatin
level (r = 0.378, P = 0.044) and the ALP level (r = 0.374,
P = 0.046). The serum follistatin level correlated with the
ALP level (r = 0.404, P = 0.026), and the GGT level (r =
0.457, P = 0.01).

The total and free TGF-b1, activin and follistatin did not
correlate with lobar involvement, portal vein thrombosis and
metastasis of the HCC. There was also no correlation with the
serum AFP level. There were no signi� cant associations
between the three cytokines (total TGF-b1, free TGF-b1,
activin, follistatin) and the other laboratory parameters
including albumin, bilirubin, prothrombin time and serum
creatinine.

In the patients with alcoholic liver cirrhosis, there was a
trend for serum total TGF-b1 to positively correlate with the
Child-Pugh score (r = 0.408, P = 0.07). Similarly, the serum
activin correlated with the Child-Pugh score (r = 0.601,
P = 0.01). There were no associations between the three
cytokines (TGF-b1, activin, follistatin) and either the ALP or
GGT. As in the patients with HCC, there were no associations
between total TGF-b1, free TGF-b1, activin, follistatin and
the other laboratory parameters including albumin, bilirubin,
prothrombin time, and serum creatinine.

In the 16 patients with ascites, the median levels of total
and free TGF-b1, activin and follistatin per mg/ml ascitic
protein were 1.48 ng/ml (range 0.31–3.77 ng/ml), 0.94 pg/ml
(0–57.8 pg/ml), 0.15 ng/ml (0.04–0.93 ng/ml) and 0.15 ng/ml
(0.07–1.05 ng/ml), respectively. The ascitic total and free
TGF-b1 did not correlate with the serum total or free TGF-b1
values, respectively. The levels of total and free TGF-b1 were
not associated with the occurrence of SBP. The serum levels
of activin and follistatin did not correlate with the level of
activin and follistatin in ascites. However, the ascitic level of
activin correlated with the ascitic level of follistatin (r = 0.39,

P = 0.046). Ascitic follistatin was negatively correlated with
the serum urea level (r = ¡0.483, p = 0.013). Similarly, there
was a trend for ascitic activin to correlate in a negative fashion
with the serum urea level (r = ¡0.356, P = 0.066).

Discussion

In this study, we have shown that the serum total TGF-b1,
activin and follistatin levels were signi� cantly increased in
patients with HCC and in patients with alcoholic and other
types of cirrhosis when compared to those of controls. How-
ever, since there were no signi� cant differences in the levels
of these cytokines between these three disease groups, the
reason for the elevated cytokine levels is most probably
related to the cirrhotic process itself and not to any particular
disease entity, such as HCC. It has previously been shown that
poor liver function secondary to cirrhosis leads to a deranged
metabolism of TGF-b1, resulting in accumulation of this
multifunctional cytokine in the body (21, 22). Nevertheless,
as the mRNA expression is increased in HCC cells and
because treatment of HCC can decrease the TGF-b1 level
(23), patients with HCC have a higher TGF-b1 level when
compared to non-HCC patients. According to Shirai et al. (7),
both HCC and cirrhosis contribute to the elevation of the
TGF-b1. In the present study, the lack of a signi� cant
difference in TGF-b1 levels between patients with HCC
(median 173.2 ng/ml) and patients with alcoholic cirrhosis
(median 153.4 ng/ml) may be due to three factors. Firstly, the
sample size in each group of patients was relatively small.
Secondly, alcohol-induced liver damage is a known factor for
increased TGF-b1 expression (24–26). Thirdly, patients with
alcoholic cirrhosis in this study had a poorer liver reserve than
the patients with HCC, as re� ected by the higher median
bilirubin level and percentage of patients with Child C
cirrhosis (Table I). Therefore, the absence of a difference in
the levels of cytokines may be a result of the poorer liver
function in the alcoholic patients producing a further increase
in cytokine levels compared to that occurring in HCC
patients.

In this study, there was no signi� cant difference in the free
TGF-b1 in all three disease groups compared to controls. Free
TGF-b1, thus probably does not play a signi� cant role in
patients with HCC or in patients with alcoholic cirrhosis. In
contrast, serum total TGF-b1, activin and follistatin may play
an important role in HCC, as there was a close association
between these cytokines and the levels of ductal enzymes,
which re� ect the extent of the HCC. There was a positive
correlation between activin and follistatin, indicating that
they interact with each other in patients with HCC. However,
there was no correlation between serum total TGF-b1 and
activin. This is in accordance with the fact that TGF-b1 and
activin originate from different cells in the liver and act on
different receptors (1, 11, 13).

There appeared to be an apparent paradox in the patients
with HCC. We found that TGF-b1 was increased in the whole

Fig. 2. The correlation of the tumour size and the serum total TGF-
b1 level in patients with hepatocellula r carcinoma.
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group of patients, in keeping with published data (7, 22, 23).
However, a lower serum total TGF-b1 level was related to an
increased tumour size, which is similar to the � ndings of
Yamaguchi et al. (27). Elevated levels of TGF-b1 may confer
a survival bene� t on the tumour, as increased TGF-b1 will
induce apoptosis in normal liver cells adjacent to the tumour,
but not the HCC cells. As a result, HCC cells can expand more
readily. HCC may resist apoptosis induced by TGF-b1 by
overexpression of the insulin receptor substrate 1 protein
(activates multiple signalling pathways for liver cell growth),
by downregulating mannose 6-phosphate/insulin-like growth
factor-II receptor (activates the TGF-b complex) and by
downregulating the TGF-b1 receptor II (10, 28, 29). How-
ever, there may still be an apoptotic effect on HCC due to the
increasing level of TGF-b1. In this study, the serum TGF-b1
level decreased as the tumour grew bigger, although the level
may still be elevated compared to normal controls. This may
be another adaptive mechanism by which the HCC minimizes
the TGF-b1-induced apoptotic effect on the tumour cells
when TGF-b1 exceeds the tumour tolerable levels. Since
TGF-b1 is also increased in patients with cirrhosis, further
serial studies are required to clarify the relationship between
the expression of TGF-b1 and tumour development in these
patients.

Serum activin and follistatin were both elevated in patients
with HCC and correlated with the level of ALP and/or GGT.
This suggests that cases with larger tumour masses have
higher serum activin and follistatin levels, as ALP activity is
reported to be higher with larger tumours (30). Other studies
have demonstrated that HCC can express hepatoma-speci� c
GGT, which will be secreted into the circulation (31). Since
we have shown that follistatin correlated with GGT, it would
be worthwhile to study the cellular origins of activin and
follistatin in HCC in order to delineate the exact role of these
two cytokines in HCC. This is important because activin,
similar to TGF-b1, induces apoptosis in normal hepatocytes
(3, 4). In addition, it has been shown that TGF-b1 and activin
can act synergistically (32). If the activin is produced by
HCC, it could induce apoptosis in adjacent normal liver cells.
However, despite the high level of activin, accelerated tumour
growth can still occur by the attenuation of the action of
activin, as demonstrated in hepatoma cell lines (33).

In the patients with alcoholic cirrhosis, the serum activin
level correlated with the Child-Pugh score and was close to
correlation with the serum total TGF-b1. This suggests that
activin and TGF-b1 may play an important role in the
development of cirrhosis, as both are molecules involved in
� brogenesis (6, 32). Another possible explanation is that, as
mentioned above, more severe cirrhosis leads to abnormal
production of cytokines, which results in higher levels in
serum (8).

As TGF-b1 exerts a suppressive effect on immune cells
(34), the possible effect of ascitic TGF-b1 on the common
complication of ascites in patients with cirrhosis, SBP, was
analysed. However, there was no association between ascitic

total TGF-b1 level and the occurrence of SBP. Further studies
are required to con� rm this � nding as defective opsonization
by neutrophils , a major factor known to be responsible for
SBP, was not controlled in this study (35). As the follistatin
level and probably the activin level in ascites correlated
negatively with serum urea level, it suggests that decreased
excretion secondary to impaired renal function could lead to
higher ascitic levels of follistatin and activin. Finally, the
activin-follistatin inhibitory system is still operative in ascitic
� uid as their levels in ascitic � uid correlated.

Conclusions

Serum levels of total TGF-b1, activin and follistatin were
elevated in patients with HCC and in patients with alcoholic
cirrhosis. Apoptosis of tumour cells may be reduced by a
subsequent decrease in serum TGF-b1 levels when the
tumours expand in size. Activin and follistatin appear to be
associated with the tumour activity due to the correlation with
the ALP and/or GGT. Further longitudinal studies involving
greater numbers of patients are required to de� ne the exact
relationship between these cytokines, the dynamics of tumour
growth and their signi� cance in cirrhosis.
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