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ABSTRACT

We immunohistochemically analyzed the expression of double-stranded
RNA-dependent protein kinase (PKR) using a monoclonal antibody, 717

10. Test samples included 64 human liver biopsies and 25 liver sections of
rats inoculated with dicthylnitrosamine. The PKR signals in human fatty
livers and normal rat livers were minimum. Scoring signal intensity from
0-4, the average scores of chronic active (14 cases) and chronic persistent

(6 cases) hepatitis associated with hepatitis virus C (HCV) were 2.8 and
2.0, respectively (P = 0.038). The stained cells were significantly more

abundant in the periportal than centrilobular regions for both chronic
active and persistent hepatitis (P <0.001 each). The average score of liver
cirrhosis associated with HCV was 1.9. Those scores of well-, moderately,

and poorly differentiated hepatocellular carcinomas associated with HCV
were 3.4, 2.1, and 0.3, respectively (P <0.001 for each pair). Those scores
of well- and poorly differentiated carcinomas associated with hepatitis

virus B were 2.3 and 0.0, respectively (P <0.001). The average score of rat
carcinomas induced by diethylnitrosamine was 1.9. Morphologically, nu
clei of the vast majority of PKR-positive cells looked not apoptotic. The
ratio of PKR-positive cells to apoptotic cells by terminal transferase-
mediated dill" nick end labeling method was approximately 20 in hep

atitis, and over 100 in well-differentiated carcinoma.

INTRODUCTION

PKR2 is a serine/threonine kinase inducible by IFN and is ex

pressed at baseline levels in most mammalian cells without stimuli
(see Ref. l). Autophosphorylated PKR down-regulates cellular and
viral translations by phosphorylation of elF2-a, a subunit of transla

tion initiation factor 2 (2). Many viruses have escape mechanisms
from the active PKR (see Ref. 3). Furthermore, PKR induces apop-

tosis (4, 5) and suppresses cellular growth and transformation (6).
PKR mutants lacking a double strand RNA binding domain can
induce malignant transformation (7).

Several reports showed the aberrant expression of PKR in tumor
cells, including carcinomas of the lung (8), skin (9), colon (10), and
breast (11), as well as certain types of leukemia (12, 13). The expres
sion of PKR seems to depend on the differentiation status of tumors
(8-11). However, regulation and significance of the aberrant PKR

expression in tumors are still unknown.
Most human hepatocellular carcinomas are associated with HCV or

HBV. Persistent infection of these viruses in hepatocytes is associated
with chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma.

Received 4/21/98; accepted 8/3/98.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked aikertiscincnl in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1To whom requests for reprints should be addressed, at Department of Virology.

Faculty of Medicine. Toitori University. 86 Nishi. Yonago 683-8503. Japan. Phone:
81-859-34-8021; Fax: 81-859-34-8133; E-mail: hino@>grape.med.tollori-u.ac.jp.

: The abbreviations used are: PKR. double-stranded RNA-dependent protein kinase:

IFN. Interferon: elF2-<r. Â«-suhunit of translation initiation factor 2; HCV. hepatitis C
virus; HBV. hepatitis B virus; DEN. diethylnitrosamine: TÃšNEL method, terminal
transferase-medialed dUTP nick end labeling method: ALT. alanine aminotransferase;
mAb 71/10. a monoclonal mouse IgG antibody lo PKR: Fisher's PLSD, Fisher's protected

least significant difference test.

Chronic active hepatitis C waxes and wanes as indicated by fluctua
tions of serum transaminase levels, often preceded by the elevation of
HCV loads in serum (14). Thus, chronically infected liver cells might
receive intermittent stress by IFN and PKR. A recent study suggested
that the nonstructural protein 5A of HCV blocks autophosphorylation
of PKR by direct binding (15).

To analyze PKR expression in livers, we immunohistochemically
tested biopsy specimens of 64 patients with various hepatic disorders.
We also stained PKR in the liver sections of 25 rats inoculated with
DEN. On the other hand, the cell death and remodeling of chronic
hepatitis is mediated by programmed cell death (16). To elucidate the
possible association of the aberrant PKR expression with apoptosis,
we applied the TÃšNEL method for comparison.

MATERIALS AND METHODS

Liver Biopsy Specimens. We used a needle liver biopsy specimen from
each of the 53 patients with HCV. 6 patients with HBV. and 5 patients without
viral markers. Patients with both markers were excluded. The HCV and HBV
infections were diagnosed by anti-HCV antibody (Immunocheck-HCVAb:
International Reagent. Kobe. Japan) and HBsAg (LPIA-200: Diatron Labora

tories, Tokyo. Japan), respectively. The specimens were obtained at the Second
Department of Medicine, Tottori University, mostly in 1995 and 1996 for
diagnostic purposes, fixed in formalin, and paraffin-embedded until use. In

formed consent was obtained from each patient. The diagnosis was based on
H&E-stained biopsy specimens. We excluded patients who had been treated by

IFN within the previous 6 months.
Samples from HCV-positive patients included 20 with chronic hepatitis, 8

with liver cirrhosis, and 25 with hepatocellular carcinoma. The patients with
chronic hepatitis were divided into two subgroups: chronic active (14 cases)
and chronic persistent (6 cases) hepatitis. The ALT level was determined
within 2 days before the biopsy. The eight patients with liver cirrhosis were
free of hepatocellular carcinoma. The 25 patients with hepatocellular carcino
mas were classified into three subgroups by their differentiation: well- (9

cases), moderately (10 cases), and poorly (6 cases) differentiated tumors.
Hepatocellular carcinomas associated with HBV consisted of well- (three

cases) and poorly (three cases) differentiated tumors. Five patients with fatty
liver were negative for HBV and HCV markers.

Immunohistochemistry for PKR. We stained 4 /xm-thick sections for
PKR using the avidin-biotin-peroxidase complex method (17). Briefly, after

deparaffini/ation, the sample was pretreated with 0.3% H-.O-, in methanol (to

remove endogenous peroxidase activity) and with a normal equine serum.
After incubation with mAb 71/10 (Ref. 18; RiboGene, Inc., Hayward, CA) at
a dilution of 1:500 at 4Â°Cfor 16 h. it was further incubated with a biotinylated

antimouse IgG (Vector Laboratories, Inc., Burlingame. CA) and with an
avidin-biotin-peroxidase complex (Vectastain Elite ABC kit; Vector Labora

tories, Inc.) at room temperature for 1 h each. The specimen was developed in
0.02% 3,3'-diaminobenzidine tetrahydrochloride and 0.03% H-,O2, and

counterstained with hematoxylin. Negative controls with a nonimmune mouse
serum in place of the mAb 71/10 were consistently negative. The staining
intensity of each lesion was scored from 0-4 by the definition listed in

Table 1.
In Situ Cell Death by the TÃšNEL Method. To analyze the possible

correlation between PKR expression and cellular apoptosis, we used an In Situ
Cell Death Detection Kit, POD (Boehringer Mannheim. Mannheim. Germa-
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Table 1 Scaring standard for PKR staining
Paraffin-embedded sections were stained for PKR by mAb 71/10. See "Materials and

Methods" for the staining method.

Grade0

1
2
34Scoring

bytissueNone

Slight
Moderate
Strong
Extremely strongScoring

bycellNone

Pan of the cytoplasm
Whole cytoplasm without reticular deposits
Reticular deposits in < '/2 of cytoplasm
Reticular deposits in > '/2 of cytoplasm

ny). In brief, after removing the endogenous peroxidase reactivity, the sections
were incubated at 37Â°Cfor l h with terminal deoxynucleotidyl transferase and

fluorescein-labeled dUTP, and then with peroxidase-conjugated antifluores-

cein antibody for 30 min. The reaction product was stained as above. Negative
controls without terminal deoxynucleotidyl transferase gave no staining signal.

PKR and Apoptotic Indices in Chronic Hepatitis and Hepatocellular
Carcinoma Associated with HCV. We randomly picked two cases each of
chronic active hepatitis (cases 95-3889 and 95-2794) and chronic persistent
hepatitis (cases 95-874 and 96-2266). Three sequential sections were stained

for H&E, PKR, or TÃšNEL, respectively. Six areas each of the centrilobular
and periportal regions were selected on the H&E-stained section to include

>1000 hepatocytes, and the PKR and apoptotic indices were obtained in the
areas of the respectively stained section. The PKR index stands for the cell
number with a staining score of a3 (defined in Table 11. and the apoptotic

index stands for that with deeply stained and disintegrated nuclei in the 1000
hepatocytes counted. The PKR staining profile of well-differentiated hepato-

cellular carcinomas was uneven. We obtained the PKR and apoptotic indices
of well- and poorly stained areas on randomly picked two cases each of well-
(cases 94-3462 and 95-613) and poorly (cases 94-2259 and 96-3090) differ

entiated hepatocellular carcinomas.
Cell Culture and Western Blot Analysis for PKR. To confirm the

cross-reactivity of the antihuman PKR mAb 71/10 with rat PKR, cell extracts

obtained from cultured rat hepatoma cell lines, Reuber (19) and AH66 (20), a
human hepatoma line, HuH-7 (21), and a human Burkitt lymphoma line, Daudi

(22), were subjected to Western blotting.
Rat Hepatomas and Adenomatous Hyperplasia. Fisher rats (Charles

River. Japan) received i.p. injections of three weekly doses of 75 mg/kg and
three additional weekly doses of 100 mg/kg of DEN (Sigma Chemical Co., St.
Louis. MO; Ref. 23). At 5, 15, and 25 weeks after the last injection, 10, 8, and
7 rats were sacrificed, respectively. Paraffin-embedded liver sections prepared

after fixation with 4% paraformaldehyde were stained as above.
Statistical Methods. Fisher's PLSD was applied using the software, Stat-

View (v.4.5: Abacus Concepts, Inc., Berkeley, CA).

RESULTS

PKR Staining Profile and Its Localization. Althoughfatty livers
were essentially negative for PKR (Fig. IA), the cytoplasm of hepa
tocytes in chronic active hepatitis showed strong positive signals (Fig.
IÃŸ).Vessels, periportal tissues, biliary duct cells, infiltrating inflam
matory cells, and replacing lipocytes were free from significant stain
ing. Well-differentiated hepatocellular carcinomas associated with
HCV gave strong signals (Fig. 1C); however, poorly differentiated
carcinomas did not (Fig. ID).

The cross-reactivity of the mAb 71/10 with rat PKR was confirmed
by a Western blotting using the human and rat cell lysates (data not
shown). The staining profiles of rat livers were essentially the same as
the human liver (Fig. If). All rat carcinomas were well- to moderately
differentiated and expressed PKR (c). The adjacent noncarcinomatous
tissues (nc) were free from positive signals. Although normal human
liver samples were unavailable, the essentially negative normal rat
(data not shown) and human fatty livers suggested that the PKR
expression in the normal hepatocytes is minimum.

PKR Expression in Chronic Hepatitis and Liver Cirrhosis in
Patients with HCV Markers. The stainingscore of chronichepatitis
and liver cirrhosis ranged from 1-4. As expected, the logarithmic

average ALT level of the chronic active hepatitis patients was signif
icantly higher than that of the chronic persistent hepatitis group: 132
(SE range, 107-162) versus 35 (SE range, 27-45) lU/liter
(P = 0.001). However, the staining score of each case did not
correlate with the viral load in the serum (Table 2). The average
staining score of chronic active hepatitis, 2.8, was significantly higher
than that of chronic persistent hepatitis, 2.0 (P = 0.038; Table 3). The
average score of liver cirrhosis, 1.9, was significantly lower than that
of chronic active hepatitis (P = 0.009), but the difference from that of
chronic persistent hepatitis was insignificant. The PKR expression in
cirrhotic lesions adjacent to the well- or moderately differentiated
hepatocellular carcinoma was significantly higher than that of liver
cirrhosis without carcinoma (data not shown). In contrast, the average
score of fatty livers, 0.6, was significantly lower than those of chronic
active and persistent hepatitis, cirrhosis, and well- and moderately
differentiated hepatocellular carcinomas: P <0.001, P = 0.004,
P = 0.005, P <0.001, and P <0.001, respectively (Table 3).

PKR Score of Hepatocellular Carcinoma. The staining score of
each HCV-hepatocellular carcinoma was independent from the serum
ALT levels (data not shown). The average scores of well-, moderately,
and poorly differentiated hepatocellular carcinomas were 3.4, 2.1, and
0.3, respectively (P <0.001 for each pair; Table 3). Among HBV-
hepatocellular carcinomas, although the average PKR staining score
of the well-differentiated carcinoma was 2.3, that of the poorly dif
ferentiated carcinoma was 0.0 (P <0.001). The results showed that
HCV is not the sole trigger for the aberrant expression of the PKR in
the hepatocellular carcinoma and that the expression is positively
correlated with their differentiation.

We further tested chemically induced rat hepatocellular carcino
mas. The rat liver specimen had both areas of hepatocellular carci
noma and adenomatous hyperplasia (Table 4). At 5 weeks after the
final injection of DEN, the average PKR scores for the hepatocellular
carcinoma and adenomatous hyperplasia were 1.8 and 0.9, respec
tively (P = 0.009). They were 2.0 and 0.8 at 15 weeks (P = 0.001)
and 2.0 and 0.4 at 25 weeks (P < 0.001), respectively. The PKR
expression in hepatocellular carcinoma was significantly higher than
that in adenomatous hyperplasia in all cases. The apparent decrease in
the average PKR scores of the adenomatous hyperplasia with the time
course was statistically insignificant.

PKR and Apoptotic Indices in Human Chronic Hepatitis. To
evaluate the possible correlation of PKR expression and apoptosis,
PKR and apoptotic indices were compared in the cases of chronic
hepatitis associated with HCV. Six areas each of the periportal and
centrilobular regions were selected in two cases each of chronic active
and persistent hepatitis (Fig. 2 shows an example of the areas select
ed). The average PKR index of chronic active hepatitis was signifi
cantly higher than that of chronic persistent hepatitis both in the
periportal and centrilobular regions (P <0.001 for both; Fig. 3A).
Similarly, the average PKR index of the periportal regions was sig
nificantly higher than that of centrilobular regions both in chronic
active and persistent hepatitis (P <0.001 for both). The average
apoptotic indices of chronic active and persistent hepatitis showed a
similar pattern except that the difference of apoptotic indices between
the periportal and centrilobular regions of chronic persistent hepatitis
was insignificant (Fig. 3ÃŸ).In both chronic active and persistent
hepatitis, the PKR index was approximately 20 times higher than the
apoptotic index in each area. The vast majority nuclei of PKR-positive
cells did not show the morphological signs of apoptosis (see Fig. 1).

PKR and Apoptotic Indices in Human Hepatocellular Carci
noma. The PKR staining profile of well-differentiated hepatocel
lular carcinomas was patchy. We separately obtained the PKR and
apoptotic indices in the well- and poorly stained regions. The
average PKR index of the former was significantly higher than that
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Fig. I. Photomicrograph of PKR expression in livers stained hy mAh 7I/K) (see text for the staining method). A. fatly liver (case95-3514; PKR score. 0). H. chronic active hepatitis
associatedwith HCV (case95-3889: PKR score.4). C. well-differentiated hepatocellular carcinoma (case95-613: PKR score.4). 1). poorly differentiated hepatocellular carcinoma (case
96-3090: PKR score. 1). Â£.liver tissue of a ral 15weeks after the last injection of DEN. showing areasof well-differentiated hepatocellular carcinoma (r) and noncancerous(Â«<â€¢)regions

(case UC2 I5W: PKR score. 3). Bar. 50 urn.

of the latter (P <0.001; Fig. 4A). However, the average apoptotic
index of the former was in the same range as the latter (Fig. 4).
Although the average PKR index of the poorly differentiated
carcinoma was minimum (Fig. 44), the average apoptotic index
was significantly higher than that of the well-differentiated carci
noma (P <0.001; Fig. 4ÃŸ).The PKR-positive cells were >100
times more abundant than the apoptotic cells both in the well- and
poorly stained regions of the well-differentiated carcinoma. However,

they were comparable in the undifferentiated carcinoma.

DISCUSSION

PKR was aberrantly expressed in human and rat hepatocytes suf
fered from hepatitis and carcinoma. The positive signal of PKR was
located only in the cytoplasm by an immunohistochemical technique
using the mAb 71/10. Reticular pattern of the cytoplasmic signals
suggested the association of PKR with membrane structures. Besides
hepatocytes, blood vessels and portal tissues including bile ducts and
infiltrating cells were exclusively negative. Hepatocytes of three of
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Table 2 Clinical data and PKR score of each palien! with HCV hepatitis and
liver cirrhosis

Disease entity
Caseno.Chronic

hepatitisActive95-116695-133495-137395-199195-270395-279495-320296-10496-183896-219896-354796-354896-364196-3889Persistent95-87496-101196-174896-226696-228896-2364Liver

cirrhosis93-277995-26395-103995-113395-117896-241096-317396-3267History

of IFN
therapy"NoNoYesNoNoYesNoNoYesYesNoNoNoNoNoNoYesNoNoNoYesNoYesNoNoYesNoYesALT(IU/liter)6619548196112734642153616111317914322541481228347714310153441113843188Serum

HCV by bDNA
(MEq/ml)*28.012.0<0.59.42.21.468.01.817.0<0.57.6of1.85.418.0<0.5Dt2.8nt7.71.55<0.50<0.50nt2.9<0.50ntIndividualPKR score12323333322333412312321122313

" Previous history of IFN treatment ( >6 mo before the biopsy).
''Concentration determined by branched DNA assay in 10 copies/ml.
' Score of PKR stained by a mAb 71/10 (see "Materials and Methods" for slaining

method).
dnl: not tested.

Table 3 PKR scores of human liver tissues

Biopsy specimens were immunohistochemically stained for PKR by a mAb 71/10 (see
"Materials and Methods" for the staining method). Scoring standard is shown in Table 1.
Statistical analysis was performed by Fisher's PLSD.

DiseaseentityChronic

hepatitisActivePersistentLiver

cirrhosisHepatocellular
carcinomaDifferentiation

statusWellModeratePoorHepatocellular

carcinomaDifferentiation
statusWellPoorFatty

liverViral

infectionHCVHCVHCVHBVNoneNo.cases14689106335PKR
score

(average Â±SE)2.8

Â±0.22.0
Â±0.41.9

Â±0.33.4

Â±0.22.1
Â±0.30.3

Â±0.22.3

Â±0.30.0
Â±0.00.6
Â±0.4P0.0380.009<0.001<0.001<0.001

Table 4 PKR slaining score of chemically induced ral hepalocellular carcinoma

Liver sections of rats inoculated with DEN were stained for PKR by the method
described in "Materials and Methods." PKR staining scores are expressed as aver
age Â±SE. Statistical analysis was performed by Fisher's PLSD.

After thelastDEN
(wk)51525No.cases1087Adenomatoushyperplasia(averageÂ±SE)0.9

Â±0.20.8
Â±0.30.4
Â±0.2Hepatocellularcarcinoma(average

Â±SE)1.8

Â±0.22.0
Â±0.32.0
Â±0.3P0.0090.001<O.OOI

five fatty livers were completely negative as well as normal rat livers,
which accorded with previous reports that most normal cells express
PKR only at the basal level (1, 8-11).

The average staining signal of the chronic active hepatitis was

stronger than that of the chronic persistent hepatitis with marginal
significance (P = 0.038). The average of ALT levels was higher in the

former. The former was also significantly stronger than that of the
liver cirrhosis with the lower ALT average (P <0.001). To generalize
our observation, the larger sample size of the chronic persistent
hepatitis might be required. In both chronic active and persistent
hepatitis, the staining signal was stronger and the deeply stained cells
were more frequent in the periportal regions than in the centrilobular
regions. The stronger PKR signals in the periportal regions of chronic
hepatitis might be explained by IFN released from inflammatory
lymphocytes accumulated in the portal area.

The major cause of cell death in chronic hepatitis is mediated by
apoptosis (16), and the cellular damage in chronic hepatitis is more
intensive and common in the periportal than in the centrilobular
regions (24). These previous reports were consistent with our obser
vation that the average apoptotic index was significantly higher in the
periportal regions than in the centrilobular regions. The aberrant
expression of PKR might correlate with the apoptotic process of
hepatocytes. However, the vast majority of nuclei in the PKR-positive
cells were morphologically normal, and the PKR-positive cells sig

nificantly outnumbered the apoptotic cells. Cells may progress into
apoptosis after long duration of the aberrant PKR expression, or the
aberrant PKR expression in hepatocytes of chronic hepatitis may not
directly correlate to the apoptotic process.

Fig. 2. Schematic diagram of a biopsy specimen (chronic active hepatitis, case
95-2794; PKR score. 3) showing six areas each for the periportal (^) and the centrilobular

(D) regions. PKR and apoptotic indices (the number of stained cells among 1000
hepatocytes) of these selected areas were computed and served for the statistical analysis.
P. portal vein; C. central vein.

Peri
portal
region

Centri
lobular
region

Peri- Centri-
portal lobular
region region

Fig. 3. PKR and apoptotic indices of chronic active and persistent hepatitis associated
with HCV. For the PKR index, those cells with the staining score a3 (see Table 1) were
counted in the centrilobular or periportal areas (see Fig. 2). A, PKR index. B, apoptotic
index. The average Â±SE is shown. D. chronic active hepatitis; â€¢¿�.chronic persistent
hepatitis.
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Fig. 4. PKR and apoptolic indices of well- and poorly differentiated hepatocellular
carcinomas. For the well-differentiated carcinoma, the indices of well- or poorly stained

areas were separately determined. A. PKR index. B. apoptotic index. The average Â±SE
is shown. D, well-stained area; â€¢¿�poorly stained area. Note the difference of scale for the

PKR index from Fig. 3.

The PKR staining profile of the differentiated carcinoma was
uneven, showing the strongly and weakly stained regions. The former
showed a significantly higher PKR index than the latter. We could not
find a reasonable explanation for this patchy distribution, such as the
local accumulation of tumor infiltrating lymphocytes. The average
apoptotic indices of these two areas were indistinguishable and <!/
100 of the PKR index. These results did not suggest the direct
association of aberrant expression of PKR with apoptosis in the
well-differentiated hepatocellular carcinoma. The apoptotic index of

poorly differentiated hepatocellular carcinoma was significantly
higher than that of well-differentiated hepatocellular carcinoma. This

might be related with the disorganized architecture of poorly differ
entiated tumor tissue for sufficient supplies of nutrition, oxygÃ©nation,
etc.

Since we first found the aberrant expression of PKR in hepatocytes
with diseases associated with HCV, we suspected the triggering role
of HCV on the expression. However, it was clear that HCV is not the
sole trigger for the aberrant expression of PKR in hepatocytes, be
cause PKR was aberrantly expressed also in hepatocellular carcino
mas associated with HBV and in rat hepatocellular carcinomas in
duced by DEN. Induction of the differentiation and maturation by
PKR in embryonal carcinoma cells (25, 26) and hematopoietic cells
has been reported (27). These observations suggest that PKR expres
sion may have a role for the maintenance of differentiation.

The cirrhotic regions of human hepatocellular carcinoma cases had
increased expression of PKR than cirrhosis without hepatoma. Rat
adenomatous hyperplasia also showed the enhanced expression of
PKR. These results suggest that the aberrant expression preceded the
final stage of the multiple steps during carcinogenesis (28). The
aberrant expression of PKR might be useful as one of the tools for
precancerous diagnosis. The regulation mechanism of the PKR ex
pression in tumor cells awaits additional studies.
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