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Expression of K19 and K7 in dysplastic nodules and
hepatocellular carcinoma
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Abstract. Hepatocellular carcinoma (HCC) is one of the
most common types of malignant tumors characterized by
a multistep process of tumor development. Nodular lesions
that differ from the surrounding liver parenchyma and are
characterized by cytological or structural atypia are termed
dysplastic nodules (DNs). DNs are well-known precancerous
HCC lesions. Expression of keratin (K) 19 and K7, molecular
markers of hepatic progenitor cells and cholangiocytes, has
been reported in certain HCCs. However, it remains unclear
whether K19-positive HCC cells are derived from true hepatic
progenitor cells or mature cells that have undergone a dediffer-
entiation or a transdifferentiation process. In total, 107 tissue
sections (13 low-grade DN, 15 high-grade DNs, 27 small HCCs
and 52 large HCCs) from resected liver samples and 132 HCC
tissue microarray (TMA) cores were subjected to immuno-
histochemical analysis for K19 and K7. Clinicopathological
data of the HCC patients were evaluated. K19 expression
was found in 0% of DNs, 19% of small HCCs (<2 cm), 8% of
large HCCs (>2 cm) and 8% of TMA samples. K7 expression
was found in 14% of DNs, 41% of small HCCs, 15% of large
HCCs and 6% of TMA samples. Among the five K19-positive
small HCCs, four were distinctly nodular and one tumor was
an infiltrative type. No vaguely nodular HCC was positive for
K19. K19 expression was significantly associated with histo-
logical grade (P=0.023), serum a-fetoprotein level (P=0.001)
and K7 expression (P=0.001) in HCC. K19 expression was an
independent prognostic factor for overall survival in non-viral
HCC patients (P=0.003). K19 expression is extremely rare in
DNs and occurs in progressed small HCCs. Our results suggest
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that K19 expression may be an acquired feature of carcinoma
cells during HCC progression in certain HCCs.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
type of solid malignant tumor worldwide, and both the inci-
dence and mortality rates have increased in recent years (1,2).
The development of HCC usually follows a multistep sequence,
and de novo development of HCC appears to be rare. The carci-
nogenic sequence of chronic hepatitis, cirrhosis, dysplastic
nodule (DN) and HCC has been well-established (3). Nodular
lesions that differ from the surrounding liver parenchyma
and that are characterized by cytological or structural atypia
are termed DNs. DN is a well-known precancerous lesion of
HCC. DNs are classified as low-grade (LGDN) or high-grade
(HGDN) depending on the degree of atypia (3.4).

Keratin 19 (K19) and K7, molecular markers of hepatic
progenitor cells and cholangiocytes, are expressed in a propor-
tion of HCCs (5,6). K19 expression in HCC is associated
with recurrence, metastasis and poor prognosis (5-8). Recent
studies have postulated that K19-positive HCCs originates
from hepatic progenitor cells (HPCs) (5,9,10). However, it
remains unknown whether K19-positive HCCs are generated
through the carcinogenesis of K19-positive HPCs or whether
K19 expression in HCC may be the result of dedifferen-
tiation during HCC progression. If K19-positive HCCs arise
from HPCs, HPC would be expected to already be present
in precursor HCC lesions. Clarifying the histogenesis of
K19-positive HCC is significant, as it may provide a rationale
for novel therapeutic approaches to HCC.

Therefore, in the present study, we examined K19 and
K7 expression in 27 DNs and 79 HCC tissue sections from
resected liver samples and 132 HCC tissue microarrays
(TMA). We also analyzed the clinicopathological character-
istics of these HCCs.

Patients and methods
Patients. The total 107 samples consisted of preoperatively

untreated tissue sections surgically resected (13 LGDNs,
15 HGDNs and 79 HCCs) between September 2004 and
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August 2008 at the Chonbuk National University Hospital and
Samsung Medical Center, Korea. This study was approved by
the Ethics Committees of Chonbuk National University and
Samsung Medical Center. Group 1 HCCs were comprised
27 small HCCs (<2 c¢cm) and 52 advanced HCCs (>2 cm).
Of the 27 small HCCs, 5 were vaguely nodular, 20 were
distinctly nodular and 2 were infiltrative types. Representative
4-um sections were prepared from 10% formalin-fixed,
paraffin-embedded tissue samples for immunohistochemical
staining. In each case, clinicopathological characteristics,
such as patient age at diagnosis, gender, etiology, serological
data, including a-fetoprotein (AFP) and albumin levels, back-
ground liver disease, tumor size, Edmonson-Steiner grade,
microvessel invasion, presence of intrahepatic metastasis and
ascites, as well as follow-up data were obtained from hospital
records. Tumors were staged according to the 2010 American
Joint Committee on Cancer tumor-node-metastasis classifica-
tion (11). The follow-up period was determined from the date
of initial surgery until the date of the last follow-up or death.

TMA construction. We constructed TMA slides (Superbiochips
Laboratories, Seoul, Korea) to compare the concordance rates
of K19 and K7 expression in HCC between whole sections
and TMA. After screening, hematoxylin and eosin-stained
slides, cores measuring 3 mm in the greatest dimension, were
obtained from 132 representative paraffin-embedded HCC
blocks, which were resected at the Chonbuk National University
Hospital between January 1998 and December 2009. A subset
of 36 HCCs from the 79 whole-tissue sections was compared
with the corresponding TMA samples.

Immunohistochemistry. Immunohistochemical staining for
K19 and K7 (Dako, Carpinteria, CA, USA) was performed as
previously described (12). Samples demonstrating membrane
and cytoplasmic staining of at least 5% of tumor cells were
defined as positive (5). Positive immunoreactivity in whole
tissue sections was classified as: diffuse pattern, >50% of
tumor cells were positive; geographic pattern, 5-49% were
positive.

Statistical analysis. Comparisons between K19 or K7 expres-
sion and clinicopathological factors were assessed by the
Chi-square test. Survival analyses were performed using the
Kaplan-Meier method, and differences in survival between
the various clinical groups were determined by the log-rank
test. A Cox proportional hazards regression analysis was
performed to estimate the impact of clinicopathological
factors on patient survival. P<0.05 was considered to indicate
a statistically significant difference. SPSS version 15.0 statis-
tical software (SPSS Inc., Chicago, IL, USA) was used for the
statistical analysis.

Results

Clinical characteristics. The 175 patients with HCC were
aged between 25 and 79 years old and comprised 146 males
and 29 females. A total of 126 patients were positive for
hepatitis B virus surface antigen; 22 were alcohol-related,
10 were positive for anti-hepatitis C virus antibody and 17
patients were of unknown etiology (Table I).
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Immunohistochemical results. Reactive ductular cells
surrounding an inflamed portal tract were positive for K19
and/or K7 in cirrhotic livers (Fig. 1A and B). Of 28 DNs,
24 were K7-/K19- (86%), four were K7+/K19- (14%) and
none were K7-/K19+ or K7+/K19+. Of the four K7-positive
DN, three were LGDNs and one was HGDN. The K7-positive
DNs demonstrated a geographic staining pattern (<30% of
tumor cells) with accentuated staining in intermediate hepato-
cyte-like cells around portal tracts in LGDNs (Fig. 1C and D).
These K7-positive and K19-negative cells in DNs may be
associated with intermediate hepatocyte-like cells. Of the
79 whole HCC sections, K19 expression was detected in
9 (11%) HCCs, including the diffuse pattern in 8 cases and
the geographic pattern in 2 cases (Fig. 1E and F). Nineteen of
the 79 (24%) HCCs were positive for K7, the diffuse pattern
was found in 5 cases and the geographic pattern was found in
14 cases. Among 27 small HCCs, 15 were K7-/K19- (56%),
7 were K7+/K19- (26%), one was K7-/K19+ (4%) and four were
K7+/K19+ (15%). Among the five K19-positive small HCCs,
four were distinctly nodular and one was infiltrative type. No
vaguely nodular HCC was positive for K19. Of 11 K7-positive
small HCCs, two were vaguely nodular, eight were distinct
nodular and one was infiltrative type. In progressed HCC,
42 were K7-/K19- (81%), six were K7+/K19- (12%), two were
K7-/K19+ (4%) and two were K7+/K19+ (4%). Similar to a
previous study (5), HCC cells reactive to K7 and/or K19 were
mostly small or intermediate-sized cells, but smaller than the
non-neoplastic hepatocytes in the tissue surrounding the tumor.
The K19 expression pattern in HCC was more homogeneous
and diffuse compared with that of K7. Of the 132 TMA
samples, 116 were K7-/K19- (88%), five were K7+/K19- (4%),
eight were K7-/K19+ (6%) and three were K7+/CK19+ (2%).
In the validation study between the whole section and TMA
samples, the concordance rates for K7 and K19 staining in
HCC were 81% (29 of 36) and 89% (32 of 36), respectively.
Five K7-positive HCCs in whole sections changed to negative
cases in TMA samples, while two K19-positive cases changed
to negative cases in TMA samples. The frequencies of K19
and/or K7-positive HCC decreased in small HCC, large HCC
and TMA samples, respectively (Table II).

Correlation between immunohistochemical results and clini-
copathological characteristics. To elucidate the significance
of K19 and K7 in HCCs, we correlated their protein expres-
sion with major clinicopathological variables (Table I). The
clinicopathological analysis demonstrated that K19-positive
HCC was significantly associated with high histological grade
(P=0.023), serum AFP level (P=0.001) and K7 expression
(P=0.001). Other factors, including age, gender, etiology, back-
ground liver disease, albumin level, presence of intrahepatic
metastasis, microvessel invasion and presence of ascites were
not correlated with K19 expression. No significant differences
were observed between K7-positive and K7-negative HCC
with regard to any clinicopathological parameters.

Patient outcomes. The follow-up intervals ranged from 1
to 142 months. Sixty-one patients died during the follow-up
period. The median survival of patients with K19-positive
HCC was 82.0 months. The median survival of patients with
K19-negative HCC was 87 months. The 5-year survival rate in
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Table I. Association between pathological features and K19-positive patients with HCC.
Overall HCC (n=175) Non-viral HCC (n=39) Viral HCC (n=136)
Characteristics Total K19+ P-value Total K19+ P-value Total K19+ P-value
Gender
Male 146 13 0.062 33 2 0.003 113 11 0.634
Female 29 6 6 3 23 3
Age (years)
<55 66 6 0.632 7 0 0.263 57 6 0.940
>55 109 13 32 5 79 8
Liver cirrhosis
Absence 85 7 0.279 22 2 0.428 63 5 0.401
Presence 90 12 17 3 73 9
Ascites
Absence 158 18 0.488 33 5 0.307 125 13 0.891
Presence 17 1 6 0 11 1
Albumin (g/dl)
>3.5 151 18 0.257 34 5 0.358 117 13 0.437
<35 24 1 5 0 19 1
Preoperative AFP (ng/ml)
<100 115 6 0.001 32 3 0.169 83 0.001
=100 60 13 7 2 53 11
Intrahepatic metastasis
Absence 119 13 0.967 30 4 0.170 89 9 0.516
Presence 56 6 9 1 47 5
Microvessel invasion
Absence 75 7 0.575 17 2 0.862 58 5 0.580
Presence 100 12 22 3 78 9
Histological grade
1 and 2 98 6 0.023 23 2 0.356 75 4 0.035
3and 4 77 13 16 3 61 10
pT stage
1 69 6 0.651 16 2 0.974 53 4 0518
2 72 8 14 2 58 6
3and 4 34 5 9 1 25 4
Etiology
Viral 136 14 0.655
Non-viral 39 5

K, keratin; HCC, hepatocellular carcinoma.

patients with K19-positive HCC was lower (52%) than that of
patients with K19-negative HCC (55%). In a univariate analysis,
intrahepatic metastasis, serum albumin levels, microvessel
invasion and pT stage were significantly associated with poor
patient survival (P<0.001, P=0.010, P=0.030, P=0.031, respec-
tively). The multivariate analysis revealed that intrahepatic
metastasis and serum albumin levels were independent prog-
nostic indicators (P=0.002, P=0.001, respectively) (Table III).
In non-viral HCC patients, the median survival of patients
with K19-positive HCC was 33 months. K19 expression was
significantly associated with patient survival in non-viral
HCC patients in univariate and multivariate Cox survival

analyses (P=0.028, P=0.003, respectively) (Table IV; Fig. 2).
No survival difference was observed between patients with
K7-positive and K7-negative HCC.

Discussion

Keratins are cytoskeletal intermediate filaments present in
both normal and malignant epithelial cells (13). In normal
livers, hepatocytes express K8 and K18, while biliary cells
also contain K7 and K19 (14,15). As this keratin phenotype
is considered to be preserved during neoplastic transforma-
tion, HCC would be expected to express K8 and K18, but
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Figure 1. Hematoxylin and eosin staining and immunohistochemical results of K19 and K7 expression in cirrhotic liver, DNs and HCC.
(A and B) Ductular cells surrounding the portal tract and in the interface between hepatocytes and stroma demonstrated strong K19 immunoreactivity in cirrhotic
livers are shown. (C and D) K7 expression in low-grade DN is shown. K7 demonstrated a geographic pattern of intermediate hepatocyte-like cells and small cells
in low-grade DNs. (E and F) K19 immunoreactivity shows small HCC cells with diffuse and intense cytoplasmic reactivity. K, keratin; DN, dysplastic nodules;

HCC, hepatocellular carcinoma.

not K7 or K19 (14,15). K19 is a marker of biliary cells and
hepatic progenitor cells, while K7 is expressed in intermediate
hepatocyte-like cells, biliary cells and progenitor cells (16).
Several studies have demonstrated that K19 expression in
HCCs and K19-positive HCCs have a high recurrence and
metastasis rates, which are associated with a poor prognosis
(5-8). Although the clinical significance of K19-positive HCC
appears to be established, the mechanism underlying the
development of K19-positive HCC remains unclear. The pres-
ence of K19-positive tumor cells in HCC may be explained

by two distinct mechanisms: either the cell of origin is a
progenitor cell or the tumors dedifferentiated and acquired the
K19 phenotype during carcinogenesis. When progenitor cells
are the cells of origin of K19-positive HCCs, it is expected
that the premalignant precursor lesions consist of K19-positive
cells and their progeny.

We found for the first time that K19 expression was
extremely rare in DNs, but appeared in the distinctly nodular
type of small HCC. Small HCC is defined as a carcinoma
that measures <2 cm in diameter. There are two types of
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Table II. Expression rate of K19 and K7 in DNs, small HCC, large HCC and TMA samples.

Keratin DN (%) Small HCC (%) Large HCC (%) TMA section (%)
7 4/28 (14) 11/27 (41) 8/52 (15) 8/132 (6)
19 0728 (0) 5/27 (19) 4/52 (8) 10/132 (8)

K, keratin; DN, dysplastic nodules; HCC, hepatocellular carcinoma; TMA, tissue microarray.

Table III. Cox proportional hazard analyses of factors associated with HCC in 175 patients.

Univariate model

Multivariate model®

No. of patients (%) HR 95% CI P-value HR 95% CI P-value
Albumin (g/dl)
=35 151 (86.3) 2.330 1.229-4 418 0.010 3.061 1.575-2.885 0.001
<35 24 (13.7)
Intrahepatic metastasis
Absence 119 (68.0) 2.690 1.627-4.499 <0.001 2.503 1.407-4-453 0.002
Presence 56 (32.0)
Microvessel invasion
Absence 75 (42.9) 1.823 1.060-3.136 0.030
Presence 100 (57.1)
pT stage
1 69 (39.4) 0.031
2 72 (41.1) 2214 1.206-4.065 0.010
3and 4 34 (19.5) 2.026 1.000-4.107 0.050
K19
Negative 156 (89.1) 0.997 0.454-2.193 0.995
Positive 19 (10.9)
K7
Negative 148 (84.6) 0.880 0.417-1.858 0.737
Positive 27 (15.4)
Etiology
Viral 136 (77.7) 1.265 0.658-2.430 0481
Non-viral 39 (22.3)

*Variables considered in the analyses were age, gender, serum albumin levels, intrahepatic metastasis, microvessel invasion, pT stage, K7 and

K19 expression. HCC, hepatocellular carcinoma; K, keratin.

small HCCs; vaguely nodular and distinctly nodular. Vaguely
nodular HCC is early HCC, and distinctly nodular HCC is
small progressed HCC (3.4). Contrary to the hypothesis that
K19-positive HCC originates from hepatic progenitor cells,
our results suggest that HCCs could obtain the K19 pheno-
type during a small progressed stage of HCC. Our findings
are consistent with the results of Libbrecht et al who reported
the absence of K19 expression in small cell dysplastic foci,
the earliest premalignant lesions known thus far in human
HCC, although these authors suggested that differentiating
putative progenitor cells gives rise to small cell dysplasia
foci (16). The keratin expression pattern in HCC might not
always be preserved, and aberrant K19 and/or K7 expression

is observed during HCC dedifferentiation (17). Furthermore,
in a study of HCC cell lines with different metastatic
potentials established from the same parent cell line, K19
demonstrated a consistently increased expression from a low
metastatic to a high metastatic cell line (18). Taken together,
our data suggest that K19 expression is likely an acquired
feature of carcinoma cells during HCC progression in certain
HCC s, although the presence of cancer stem cells may be
another contributor to K19-positive HCC.

Previous studies have demonstrated that epidermal growth
factor (EGF) and hepatocyte growth factor (HGF) are potent
inducers of the biliary phenotype in rat hepatocytes (19,20).
Yoneda et al have reported that activation of the EGF receptor
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Table I'V. Cox proportional hazard analyses of factors associated with non-viral HCC in 39 patients.

Univariate model

Multivariate model®

N (%) HR 95% CI P-value HR 95% CI P-value
Albumin (g/dl)
=35 34 (87.2) 2.108 0.437-10.173 0.353 9.148 1.201-69.698 0.033
<35 5(12.8)
Intrahepatic metastasis
Absence 30 (76.9) 3618 0.988-13.248 0.052 8.560 1.707-42.933 0.009
Presence 9(23.1)
pT stage
1 16 (41.0) 0.938
2 14 (35.9) 0.772 0.183-3.261 0.725
3and 4 9(23.1) 0.958 0.221-4.181 0.958
K19
Negative 34 (87.2) 4713 1.327-16.738 0.028 10.047 2.218-45.506 0.003
Positive 5(12.8)
K7
Negative 32 (82.1) 2.257 0.564-9.038 0.250
Positive 7(17.9)

*Variables considered in the analyses were serum albumin levels, intrahepatic metastasis, pT stage and K19 expression. HCC, hepatocellular

carcinoma; K, keratin.

Overall HCC, n=175

Non-viral HCC, n=39

Viral HCC, n=136
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Figure 2. Kaplan-Meier analysis of overall survival in patients with K19-positive HCC. HCC, hepatocellular carcinoma; K, keratin.

signaling pathway is associated with the development of
K19-positive HCC, and that the EGF-induced increase in the
growth abilities of HCC account for the poor patient prog-
nosis (21). Transarterial chemoembolization (TACE) induces
a more aggressive type of HCC characterized by a biliary
phenotype (22,23). Nishihara et al have suggested the HCC
with biliary phenotype originates from the adaptive trans-
formation of the unaffected or TACE-resistant tumor cell
population (24). It was initially reported that the cancer stem
cell model is essentially synonymous with the hierarchy model
of carcinogenesis (25). However, stemness-related marker
expression exists as a functional phenotype in the stochastic
(dedifferentiation) model and could be demonstrated by any
member of the malignant population in the presence of the
appropriate endogenous and exogenous factors (26). Taken

together, K19 expression might be induced in specific HCCs
after being stimulated by a certain type of growth factor or
under certain growth conditions, accounting for the develop-
ment of K19-positive HCCs.

This study has demonstrated that K19 and K7 expres-
sion were observed in 11 and 24% of our 79 patients with
HCC, respectively. This expression proportion was similar
to earlier studies reporting K19 or K7 in 10-50% of HCCs,
despite geographic differences, different carcinogens and
genetic backgrounds (5-7,9,27-29). In this study, we found
that the K19 and K7 positivity rate was highest in small HCCs
and decreased in advanced large HCCs. The reason for the
decreased K19 and/or K7 immunoreactivity in patients with
advanced HCC is unclear. The majority of the small HCCs
could be examined completely for immunohistochemical
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staining, while only a small part of the large HCCs were
examined, which may be a possible explanation for this
finding. The finding that a large proportion of the K19 and/or
K7-positive HCCs demonstrated a heterogeneous or focal
staining pattern supports this hypothesis. Discrepancies in the
immunohistochemical results for keratin expression between
representative whole tissue sections and TMA in the present
study may also have been caused by a similar reason. As K19
and/or K7-positive HCC cells were not diffusely present in
this study, the expression frequencies in the 3 mm TMA core
may have been underestimated. This hypothesis was supported
by a recent study which demonstrated that K19 expression in
biopsy specimens for HCC taken prior to radiofrequency abla-
tion is extremely low (4.1%) (8). Assessment of a biomarker in
a small TMA tissue core may not accurately reflect the assess-
ment that would be obtained from a whole section analysis
due to intratumoral heterogeneity (30). Similar to a number of
other solid tumors, HCCs are characterized by a high degree
of tumor cell heterogeneity. Our results demonstrated that
the intratumoral heterogeneity and the size of tissue sections
have a great impact on the results of K19 and K7 expression
in HCC.

We found that K19 expression in HCC was significantly
associated with the histological grade and serum AFP level.
These findings are consistent with observations reported
by other studies (7,18,28-30). A correlation between K19
expression and high AFP levels and high-grade HCC has been
demonstrated by Yuan et al (29). Similarly, serum AFP concen-
tration in patients with K19-positive HCC increases along with
K19 immunostaining grades, suggesting a correlation between
serum AFP and K19 expression (28). Uenishi et al also demon-
strated that K19 expression correlates with poor differentiation
of HCC (31). Since K19 expression was associated with high
tumor grade and high AFP levels in this study, the results of
K19 as a prognostic factor for HCC is reasonable. The prog-
nosis of patients with K19-positive HCC is considered to be
worse than those with pure HCC (9,21,28). In this study, K19
expression in HCC was not an independent predictor of the
overall rate of survival in all patients with HCC. However, we
found that K19 expression was associated with poor survival
in patients with non-viral HCC. Based on the limited number
of cases, insufficient follow-up periods, different etiologies
and genetic backgrounds of HCC, a definite conclusion on
the effect of K19 on the prognosis of HCC patients could not
be reached. A longer term follow-up with a larger cohort and
strictly categorized tumors is required to adequately define the
clinical and biological behavior of this tumor.

In conclusion, our study indicates that K19 expression
is rare in DNs, well-known precancerous HCC lesions, but
occurs predominantly in distinctly nodular small HCC.
Although we cannot conclude whether the K19-positive HCCs
originated from pre-existing cancer stem cells in HCC or from
dedifferentiation of HCC cells, the present results suggest that
the K19 phenotype might be an acquired feature of carcinoma
cells during HCC progression.
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