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Abstract Anisonucleosis is defined as a morphological
manifestation of nuclear injury characterized by variation in
the size of the cell nuclei. It has been described in variety of
benign conditions and is most pronounced in dysplasia and
malignancy. To better understand the pathogenesis of
anisonucleosis in liver diseases, this study focused on
hepatocyte anisonucleosis in biopsies of liver transplant
recipients who developed recurrent chronic hepatitis C
virus (HCV) infection. Post transplant surveillance liver
biopsy specimens were evaluated employing light micros-
copy, immunohistochemistry, digital image analysis, and
nucleometry for histopathological analyses, measurement
of nuclear size, and quantification of tissue expression of
oxidative marker 8-hydroxy-2′deoxyguanosine (8-OHdG).
Our aim in this study was to determine whether there were
any independent associations between hepatocyte anisonu-
cleosis and various clinicopathological parameters. These

features included patient age, body mass index, gender,
race, donor age, live versus cadaveric donor status, history
of diabetes mellitus, history of tacrolimus and cyclosporine
therapy, duration post transplant and parameters of hepatitis
activity index, fibrosis index, steatosis, and oxidative tissue
damage in formalin fixed paraffin embedded (FFPE) liver
biopsies as determined by immunohistochemistry using 8-
OHdG, an indicator of hydroxyl radical mediated tissue
damage. Our findings suggested that in liver transplant
recipients with recurrent chronic HCV infection, hepato-
cyte anisonucleosis is more pronounced in individuals with
diabetes mellitus (p=0.0016), and among those who have
heightened hepatic expression of the oxidative damage
marker 8-OHdG (p=0.0053). Further studies are necessary
to determine whether anisonucleosis is an independent
marker for diabetes or oxidative damage.
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Normal hepatocytes exhibit minimal variation in overall
size but their nuclei vary in size, number, and ploidy [1].
Anisonucleosis is a pattern of hepatocyte injury that is best
defined as the variation in the size of cell nuclei [2].
Hepatocyte anisonucleosis is noted in various human
conditions. It is described to increase with age, [1] present
in a variety of reactive conditions, and is most pronounced
in both hepatocellular dysplasia and carcinoma [2–5].
Reports of anisonucleosis associated with non-neoplastic
liver diseases include drug induced liver disease [6] and
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cirrhosis [3]. In animal studies, anisonucleosis has been
described in experimentally induced amebic abscess [7] in
gerbils and as a morphologic change that occurs early
during the course of diethylamine-induced hepatic onco-
genesis in mice [8]. The pathogenesis of anisonucleosis in
non-neoplastic liver diseases in humans is not well
understood; however, it is likely that anisonucleosis in
these conditions represent the morphologic manifestation of
nuclear injury by a variety of mechanisms.

We have observed hepatocyte anisonucleosis in benign
hepatic conditions including chronic hepatitis C virus
(HCV) infection, metabolic and toxic steatohepatitis, drug
induced hepatitis, autoimmune hepatitis and other chronic
liver diseases in humans (unreported observations). Chronic
HCV infection is a significant cause of morbidity and
mortality [9]. How viral and non-viral factors including
diabetes interact during chronic HCV infection to cause
liver injury and in some cases, hepatocellular carcinoma, is
not completely clear [10, 11]. However, oxidative damage is
thought to play an important role. Standard immunohisto-
chemical methods utilizing 8-hydroxy-2′deoxyguanosine (8-
OHdG [Genox, Baltimore, MD]), an indicator of hydroxyl
radical mediated damage to cellular nucleic acids including
nuclear and mitochondrial DNA [12] for measurement of
oxidative damage, can be employed on formalin fixed
paraffin embedded liver tissues (FFPE) [13, 14]. In a
previous study, we identified a positive relationship among
diabetes, oxidative liver damage, and the progression of
viral hepatitis in chronic HCV re-infected post-transplant
patients [14]. Recurrence of chronic HCV infection following
transplantation is universally guaranteed [15].

To better understand the pathogenesis of anisonucleosis
in chronic HCV infection, we chose to initially focus our
efforts on liver transplant recipients with chronic HCV
re-infection because this group provides a relatively
uniform extent of liver involvement and fibrosis at baseline,
immediately following transplantation. A series of consecu-
tive surveillance post transplant liver biopsies obtained at
appropriate clinical time intervals were evaluated to allow a
retrospective assessment of progression of fibrosis over time.
Our goal was to determine whether any association existed
among hepatocyte anisonucleosis and various clinical param-
eters, namely patient age, body mass index (BMI), gender,
race, donor age, live versus cadaveric donor status, history of
diabetes mellitus, history of tacrolimus and cyclosporine
therapy, duration post transplant and parameters of hepatitis
activity index, fibrosis index, steatosis, and oxidative tissue
damage in FFPE liver biopsies as determined by immunohis-
tochemistry using 8-hydroxy-2′deoxyguanosine (8-OHdG), an
indicator of hydroxyl radical mediated tissue damage [12, 14]
in liver transplant recipients with chronic HCV infection.

In the current study, we found a significant association
among hepatocyte anisonucleosis, history of diabetes

mellitus and enhanced immunostaining for the oxidative
damage marker 8-OHdG in biopsies of liver transplant
recipients with chronic hepatitis C virus infection.

Materials and Methods

Study Population

This study was performed on 33 liver biopsies derived from
19 orthotopic liver transplant (OLT) recipients who developed
chronic HCV re-infection as detected by HCV RNA
polymerase chain reaction and had compatible biopsy
findings over a 20 month period. Protocol liver biopsies
were performed at 6 and 12 months and annually after
transplantation. The subjects had an average of 2 and at
least 1 to 3 biopsies. Normal control tissues (n=3) were
obtained from otherwise normal liver margins of resection
specimens for benign hepatic conditions.

The Institutional Review Board at the University of
Illinois at Chicago has approved this study protocol.

Liver Histology

Hematoxylin and eosin and trichrome stained liver biopsies
were evaluated by a liver pathologist who did not have
preview to clinical outcomes. Sampling adequacy of the
biopsies was determined and only those that met criteria
or containing 10 or more portal triads [16] were included
in the study. Features of viral necroinflammatory activity,
fibrosis stage, steatosis, rejection, and other significant
findings were assessed based on published standard
guidelines [16–19]. Biopsies that manifested any signifi-
cant fatty liver disease with more than mild steatosis [19]
were excluded from the study. Likewise, biopsies that
demonstrated features of cellular rejection, [18] dysplasia
[20, 21] or malignancy were withdrawn.

Nucleometry to Determine Average Hepatocyte Nuclear
Size and Calculations for the Range of the Average
Hepatocyte Nuclear Size as an Expression
of Anisonucleosis

Hematoxylin stained 4 μm thick sections of FFPE liver
tissues were scanned at 200× magnification and the
average hepatocyte nuclear size was determined using the
ImageScope® System (Aperio Technologies, Inc, Vista,
CA). Ten random regions within each biopsy with an
average of 160 (103–282) hepatocyte nuclei per region, or a
total of at least 1,600 (1,126–2,147) hepatocyte nuclei per
biopsy were analyzed. Anisonucleosis is determined by
obtaining the range or the difference between the highest
and lowest value of the average nuclear size among ten
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regions per biopsy. The median was calculated. The range of
the average hepatocyte nuclear size, as an expression of
anisonucleosis, was categorized as low if less than or equal
(≤), or high if greater (>) than, the median.

Immunohistochemistry and Image Analysis for Detection
and Assessment of Oxidative Damage

Serial 4 μm slices were obtained from paraffin embedded
tissue specimens. Sections were transferred to glass slides
and dried overnight at 60°C. Following deparaffinization
and dehydration through graded alcohols and xylene, a 35-
min antigen retrieval was performed in a pressure cooker.
The slides were placed in a coplin jar containing antigen
retrieval solution (10× high pH antigen retrieval solution,
Dakocytomation, Carpinteria, CA). Hydrogen peroxide was
applied, followed by the addition of mouse anti-8-OHdG
(Genox, Baltimore, MD) at a dilution of 1:300 for 30 min at
room temperature. Immunohistochemical staining was
performed using the Envision + System-HRP (DAB)
(DAKO Cytomation, Carpinteria, CA) method. A negative
control for each case was generated through substitution of
subclass matched monoclonal antibody against an irrelevant
antigen. A slide showing liver with chronic HCV cirrhosis
served as a positive control for each case.

The percentage of immunoreactive hepatocytes display-
ing nuclear positivity for the 8-OHdG was evaluated by

digital image analysis using liver tissues obtained from the
uninvolved margins of human liver resection specimen for
benign liver conditions (negative control, n=3), and a total
of 33 biopsies derived from 19 OLT recipients with chronic
HCV infection. Ten random regions with an average of 160
(103–282) hepatocytes per region or a total of at least 1,600
(1126–2147) hepatocytes per biopsy were analyzed. A 4
tier staining intensity score (scale 0–3) corresponding to
absent, low, medium, and high staining intensity was
provided. To standardize the variability in staining intensity
in a region, a staining index, representing the sum of the
product of staining intensity and percentage of hepatocyte
nuclei exhibiting that degree of intensity, was established
and calculated based on published criteria [22–24]. For
example, staining index = staining intensity of (3 X 0.4
[corresponding to 40% of positively staining hepatocyte
nuclei in that region]) + (2 X 0.3) + (1 X 0.2) + (0 X 0.1) =
2.0. The range of the hepatocyte staining indices within
the 10 regions was identified in each biopsy sample and
the median was determined. The range of hepatocyte
staining index was categorized as low if ≤, or high if >
than the median.

Calculation of Fibrosis Index as a Measure of Progression
of Fibrosis over Time

The stage of fibrosis was estimated by trichrome stain using
published parameters [17]. Fibrosis index, representing the
stage of fibrosis (F0-4) divided by the duration post transplant
in years was calculated for each of the 33 samples [14, 25].

Clinical Data

Clinical data and demographic features were collected
retrospectively from patients’ electronic medical records.
The use of oral antidiabetic or insulin treatment was the
basis for inclusion for a diagnosis of diabetes mellitus.
Categorical variables were provided for diabetes status,
gender, use of live versus cadaveric donor, and use of
immunosuppressant tacrolimus versus cyclosporine. Data
were grouped into high or low scores using the median as
the cut-off value for patient age, donor age, body mass index,
and duration in days post transplant. Patients were categorized
as African American, Caucasian, Hispanic or other ethnicity.

Table 1 Patient demographics and clinical information

Patient demographics and clinical information (n=19)

Characteristics Data

Patient age (median years; range) 50 (17–69)

Gender, (female/male) 8/11

Race (African American, Caucasian,
Hispanic, other)

5/4/8/2

Patient BMI (median; range) 26 (19–59)

Living donor transplant (yes/no) 6/13

Pretransplant diabetes mellitus (yes/no) 6/13

Posttransplant diabetes mellitus (yes/no) 9/10

Immunotherapy (tacrolimus/cyclosporine) 13/6

Donor age (median years; range) 35 (18–64)

Duration posttransplant (median years; range) 1.53 (0.52–7.19)

Normal liver
control (n=3)

Liver biopsies of hepatic transplant recipients
with chronic HCV infection (n=33)

Average hepatocyte
nuclear size (μm²)

37.86–49.60 32.30–65.75

Range of average hepatocyte nuclear
size or anisonucleosis (μm²)

3.69–4.39 3.41–21.20

Table 2 Comparison of nuclear
size and range of average
hepatocyte nuclear size as an
expression of anisonucleosis
between normal liver control
tissues and liver biopsies with
chronic hepatitis C virus
obtained from OLT recipients
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Statistical Analysis

Data analysis was performed using two tailed Fischer exact
test and Chi square test with Yates correction to account for
small sample size.

Results

Study Population

The median patient age for the study population at the time
of biopsy was 50 (17–69) years; 42% (8/19) were female;
26% (5/19) were African American, 21% (4/19) Caucasian,
42% (8/19) Hispanic, and 11% (2/19) of other ethnicity.
The median body mass index (BMI) was 26 (19–59),
duration post transplant in years was 1.53 (0.52–7.19), 32%
(6/19) had pre-transplant, and 47% (9/19) had post
transplant diabetes mellitus. Sixty eight percent (13/19) used
tacrolimus and 32% (6/19) cyclosporine immunotherapy. The
median liver donor age was 35 (17–64) years, 32% (6/19) had
a live, and 68% (13/19) had a cadaveric donor (Table 1).

Hepatocyte Nucleometry

Average, Range of Average, and Median Range of Average
Hepatocyte Nuclear Size in Normal Liver Control Tissues
(n=3) The average hepatocyte nuclear size in the normal
liver control tissues was 42.98 μm2 (37.86 to 49.60). In
normal liver control tissues the range of the average
hepatocyte nuclear size was 3.69 to 4.39 μm2 with a
median range of 4.21 μm2.

Average, Range of Average, and Median Range of Average
Hepatocyte Nuclear Size as an Expression of Anisonucleosis
in Liver Biopsies of Orthotopic Liver Transplant Recipients
with Chronic HCV Infection (n=33) The average hepatocyte
nuclear size in liver biopsies of OLT recipients with HCV
infection ranged from 32.30 to 65.75 μm2, with a range of
average hepatocyte nuclear size or anisonucleosis of 3.41 to
21.20 μm2, and a median range of 6.17 μm2.

Categorical Designation of Hepatocyte Anisonucleosis
in the Liver Biopsies of OLT Recipients with Chronic
HCV Infection (n=33) Hepatocyte anisonucleosis </= to

the median range (6.17 μm2) was categorized as low, or
designated as high if > the median range (6.17 μm2).
Fifty two percent (17/33) of the biopsies had a low, and
48% (16/33) had a high hepatocyte anisonucleosis. Table 2
illustrates the average nuclear size and the range of the
average nuclear sizes as an expression of anisonucleosis in
normal liver control tissues and biopsies of orthotopic
liver transplant recipients with chronic HCV infection.

Immunohistochemistry for Hepatocyte Oxidative Damage
Marker

Staining Index Range, and Median Range of Staining Index
for Oxidative Damage Marker (8-OHdG) in Normal Liver
Control Tissues (n=3) The range of staining index for 8-
OHdG in normal liver control tissues was 0.12 to 0.19 with
a median of 0.13.

Staining Index Range, and Median Range of Staining Index
for Oxidative Damage Marker (8-OHdG) in Liver Biopsies
of Orthotopic Hepatic Transplant Recipients with Chronic
HCV Infection (n=33) The range of staining index for 8-
OHdG among the subjects was 0.03 to 1.43 with a median
range of 0.24.

Categorical Designation into Low or High Range of
Staining Index for 8-OHdG A staining index score of </=
to the median, 0.24, was categorized as low, and high if
>0.24. Fifty two percent (17/33) of the biopsies had a low,
and 48% (16/33) had a high 8-OHdG staining index score.
Table 3 shows the staining index and range of staining

Table 3 Comparison of staining index and range of staining index for 8-OHdG between normal liver control and liver biopsies of orthotopic liver
transplant (OLT) recipients with chronic hepatitis C virus infection

Normal liver biopsy control tissues
(n=3)

Liver biopsies of hepatic transplant recipients with chronic HCV infection
(n=33)

Staining index 0.02–0.40 0–2.20

Range of staining index 0.12–0.19 0.03–1.43

Table 4 Summary of values for stage of fibrosis, duration post transplant
in years and fibrosis index of liver transplant recipients with chronic
hepatitis C virus infection (n=33)

Components of fibrosis index Data (n=33)

Stage of fibrosis (median / range) 2 (0–4)

Duration post-transplant (years) (median / range) 1.53 (0.52–7.19)

Fibrosis index (FI) (median / range) 0.86 (0–3.85)

Low FI (≤0.86) (percentage / [low FI / total]) 52 (17/33)

High FI (>0.86) (percentage / [high FI / total]) 48 (16/33)

194 G. Guzman et al.



Table 5 Association among hepatocyte anisonucleosis, oxidative damage marker and clinical data

Clinical & pathological features Number of biopsies Range of the average nuclear sizea p valueb

High Low
> 6.1732μm2 ≤ 6.1732μm2

DMc pred: Yes 33 8 3 0.0707

DM pre: No 33 8 14

DM poste: Yes 33 12 3 0.0016

DM post: No 33 4 14

DM pre or post: Yes 33 12 3 0.0016

DM pre or post: No 33 4 14

Patient Age ≤ 50 33 11 11 0.805

Patient Age > 50 33 5 6

Donor Age ≤ 35 29 10 6 0.139

Donor Age > 35 29 4 9

Live Donor 33 7 4 0.281

Cadaveric Donor 33 9 13

Female 33 6 7 0.829

Male 33 10 10

Hispanic 33 6 7 0.829

African American, Caucasian, other 33 10 10

African American (AA) 33 7 3 0.141

Hispanic, Caucasian, other 33 9 14

Caucasian 33 1 5 0.174

AA, Hispanic, other 33 15 12

BMIf ≤ 26 33 9 9 0.849

BMI > 26 33 7 8

8-OHdG index Range: low (≤ 23.84) 33 4 13 0.0053

8-OHdG index Range high ( > 23.84) 33 12 4

8-OHdG index Average: low( ≤ 40.91) 33 11 6 0.084

8-OHdG index Average: high (> 40.91) 33 5 11

Duration post transplant: ≤ 557 d 29 11 6 0.139

Duration post transplant: > 557 d 29 4 8

Tacrolimus 33 11 15 0.224

Cyclosporin 33 5 2

Fibrosis 0–2 33 13 13 0.737

Fibrosis > 2 33 3 4

Fibrosis index ≤ 0.86 33 7 10 0.494

Fibrosis index > 0.86 33 9 7

Portal inflammation: 0–2 33 15 17 0.484

Portal inflammation: > 2 33 1 0

Piecemeal necrosis: 0–2 33 14 16 0.601

Piecemeal necrosis: > 2 33 2 1

Lobular inflammation: 0–2 33 15 13 0.656

Lobular inflammation: > 2 33 2 3

Steatosis: 0–2 33 16 17 1

Steatosis: > 2 33 0 0

a This value was calculated by finding the average nuclear size from 10 fields with an average of 160 hepatocytes per field or a total of at least 1600
hepatocytes per biopsy. The range of the average nuclear size per biopsy was then calculated by taking the difference between the highest and lowest
average nuclear size among the ten regions. The median value for the range of the average nuclear size, as an expression of anisonucleosis, for all 33
biopsies was then calculated and that number is 6.1732 μm2

b p<0.05: significant
c Type II diabetes mellitus
d Diagnosed before transplantation
e Diagnosed after transplantation
f BMI (body mass index)
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index in normal liver control and liver biopsies of transplant
recipients with chronic hepatitis C virus infection.

Fibrosis Index and Categorical Designation into Low
or High Fibrosis Index (n=33)

The stage of fibrosis of the 33 biopsies ranged from 0 to 4,
with a median fibrosis stage of 2. The duration post transplant
in years of the 33 biopsies ranged from 0.52 to 7.19. The
fibrosis index, or the stage of fibrosis (scale 0–4) / duration in
years post transplant, was determined for all 33 samples. The
range of the fibrosis indices was 0 to 3.85, with a median of
0.86 and 75th percentile value of 1.33.

The fibrosis index was categorically designated low if
the value is </= to the median (0.86), or high if > the
median. Fifty two percent (17/33) of the biopsies had a low
and 48 % (16/33) had a high fibrosis index score. Table 4
shows a summary of these findings.

Associations Among Anisonucleosis and Various Clinical
Parameters

In the current study, we did not find any significant associations
among anisonucleosis and patient gender (p=0.83), patient age
(p=0.81), race (p=0.14 to p=0.83), donor age (p=0.14),
patient BMI (p=0.85), use of live versus cadaveric donor liver
(p=0.28), duration in years post transplant (p=0.14) and use
of immunosuppressant tacrolimus versus cyclosporine (p=
0.22). There were no significant associations among anisonu-
cleosis, fibrosis index (p=0.49) and the parameters of hepatitis
activity index including portal inflammation (p=0.48), peri-

Fig. 2 Box and whisker plot comparing range of average hepatocyte
nuclear size as an expression of anisonucleosis in liver biopsies of
transplant recipients with chronic HCV infection with and without
diabetes mellitus (n=33) and in normal liver control tissues (control
n=3) (p=0.0016)

Fig. 1 Liver tissues reactive with the oxidative damage marker 8-
OHdG by immunohistochemistry. a Normal liver tissue demonstrating
no evidence of significant 8-OHdG immunoreactivity and low
variation of nuclear size; b liver tissue derived from an orthotopic
liver transplant patient with chronic hepatitis C virus infection
demonstrating 8-OHdG immunoreactivity in more than 60% of
hepatocytes and high variation of nuclear size (magnification = 200×)

Fig. 3 Box and whisker plot comparing range of average hepatocyte
nuclear size as an expression of anisonucleosis in cases with high or
low range of staining indices for the oxidative damage marker, O-
8HdG, in liver biopsies of transplant recipients with chronic HCV
infection (n=33) and in normal liver control tissues (n=3) (p=0.0053)
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portal inflammation (p=0.60), lobular inflammation (p=0.66),
and stage of fibrosis (p=0.74) (Tables 5 and 6).

Association Between Anisonucleosis and Oxidative
Damage and Diabetes Mellitus

There was a significant association among anisonucleosis,
enhanced immunohistochemical expression of tissue oxida-
tive damage marker 8-OHdG (p=0.0053), and history of
post-transplant diabetes mellitus (p=0.0016) in liver
transplant recipients with chronic HCV infection (Table 5,
Figs. 1, 2 and 3).

Association Between Range of Staining Index and History
of Diabetes Mellitus

There was a significant association between increased
range of immunohistochemical expression of the oxidative
damage marker 8OHdG and history of diabetes mellitus
(p=0.0015) (Table 7, Fig. 4).

Discussion

The current study addresses the association of hepatocyte
anisonucleosis, diabetes, and immunoexpression of tissue
oxidative damage marker in post transplant chronic hepatitis
C virus re-infected patients. Here, two new observations were

noted. Hepatocyte anisonucleosis was more common in cases
with diabetesmellitus, and anisonucleosis was associated with
amplified expression of an immunomarker of oxidative
damage in liver transplant recipients with chronic HCV
infection. In contrast, the current study found no significant
associations among hepatocyte anisonucleosis and patient
gender, patient age, race, BMI, donor age, use of live versus
cadaveric donor, duration post transplant, use of immunosup-
pressant tacrolimus versus cyclosporine, components of the
hepatitis activity index, namely portal, periportal, and lobular
inflammation, fibrosis, and fibrosis index.

Although this study focused on anisonucleosis in post
transplant chronic hepatitis C virus infection, it is worth-
while to compare the characteristics of anisonucleosis
within this group to the other entities in which it has been
described. Anisonucleosis in benign, non-neoplastic, and
neoplastic conditions could appear morphologically similar,
but their pathogenesis is likely to be at least partially
different. In humans, anisonucleosis along with cholestasis,
was observed in drug induced liver injury following the use
of anti-inflammatory medication (clinoril) for treatment of
rheumatological conditions [6]. We have observed aniso-
nucleosis in both metabolic and toxic steatohepatitis, drug
induced hepatitis, autoimmune hepatitis and other chronic
liver diseases (unreported observations). Hepatocyte aniso-
nucleosis, bi-nucleation, intranuclear inclusions were
frequently observed and marked in fine needle aspiration
biopsies of livers with abscess, hepatitis, cirrhosis, focal
nodular hyperplasia and primary liver carcinomas [26].

Fig. 4 Box and whisker plot showing the positive association of
range of 8-OHdG staining index and history of diabetes mellitus in
liver biopsies of transplant recipients with chronic HCV infection (n=
33) (p=0.0015)

Table 6 Summary of histopathological findings including degree of
steatosis, fibrosis index, and hepatitis activity index in liver biopsies of
orthotopic liver transplant recipients with chronic HCV infection

Summary of histopathological findings (n=33)

Features Median (range)

Steatosis 0 (0–2)

Fibrosis index 0.86 (0–3.85)

Parameters of hepatitis activity index [17]

Portal inflammation 2 (0–3)

Periportal inflammation 2 (1–3)

Lobular inflammation 2 (1–3)

Fibrosis 2 (0–4)

Range of 8-OHdG staining
index (median=0.24)

DM (n=15) No DM (n=18) Total n=33 p value

Median (range) 0.48 (0.05–0.93) 0.19 (0.03–1.43) 0.24 (0.03–1.43)

High range of 8-0HdG (> 0.24) 12 4 16 0.0015

Low range of 8-0HdG (</= 0.24) 3 14 17

Total 15 18 33

Table 7 Association of range of
8-OHdG staining index with
history of post transplant
diabetes mellitus in liver
biopsies from orthotopic liver
transplant (OLT) recipients with
chronic hepatitis C virus
infection (p=0.0015)

Anisonucleosis, Diabetes, & Oxidative Damage 197



However, nuclear morphometry detected differences between
hyperchromasia, nuclear enlargement and anisonucleosis
characterizing non-cancerous liver lesions, and hepatocellular
carcinoma [5]. While pronounced anisonucleosis and hyper-
chromasia were similarly identified in malignant and non-
malignant portions of cirrhotic livers with hepatocellular
carcinoma, DNA ploidy correlated with the mean nuclear
area in malignant but not in non-malignant hepatocytes
[4]. A karyometric analysis comparing liver cell dysplasia
and hepatocellular carcinoma contested the precancerous
nature of large cell dysplasia. Anisonucleosis lacked
nuclear indentations and contained iron deposits in foci
of large cell dysplasia, while these features were not
observed in hepatocellular carcinoma lesions [2]. Aniso-
nucleosis is a morphologic change that occurs early during
the course of diethylamine-induced hepatic oncogenesis in
mice [8]. In humans, there is insufficient data to support
any link between anisonucleosis as an early cell injury
response in chronic liver disease and malignant transforma-
tion of hepatocytes.

Our current findings suggest that anisonucleosis represents
a morphologic manifestation of nuclear injury caused by
oxidative stress and diabetes during chronic HCV infection.
The mechanisms by which oxidative damage and diabetes
affect nuclear size of hepatocytes are not clear from our study.
The protein NS5A and the core protein of hepatitis C virus
have been shown to cause oxidative stress in cell culture
systems by modifying intercellular calcium flow and thereby
increasing levels of mitochondrial reactive oxygen species
(ROS) production [27, 28]. Oxidative damage of nuclear
macromolecules, including DNA and proteins, may lead
to morphological changes itself or may induce reactive
processes that affect nuclear size. Elevated levels of ROS
increase insulin resistance [29]. Previously we demonstrated
an association among fibrosis progression, oxidative damage
and diabetes in liver transplant recipients with chronic HCV
infection [14]. Oxidative damage can induce hepatocyte
fibrosis through hepatic stellate cell activation, transforming
growth factor-beta (TGF-ß) and collagen synthesis
leading to fibrosis [30]. Hyperinsulinemia develops in
advanced fibrosis or cirrhosis of any cause due to peripheral
insulin resistance [31]. The stromal cells in fibrosis have
been shown to be a source of growth factors such as platelet
derived growth factor (PDGF), fibrosis growth factor (FGF),
vascular endothelial growth factor (VEGF), and hepatocyte
growth factor (HGF) in chronic liver disease [32]. It is
possible that upregulation of these growth factors in
advanced fibrosis or in diabetes participate in the pathogenesis
of anisonucleosis by providing stimuli for nuclear enlarge-
ment in hepatocytes. It is likely that the ill effects of oxidative
damage are most significant in advanced fibrosis.

Although the molecular mechanisms involved are not
revealed by our study, observations reported here suggest

for the first time that oxidative damage and diabetes affect
nuclear size of hepatocytes in post transplant HCV re-
infection. The strengths of this study include a well
characterized group of patients with a defined follow-up
period, and elimination of bias by both utilizing a blinded
study design and nucleometry. Confines of the present
study include a relatively limited sample size and restriction
to post-transplant HCV infected subjects. Nonetheless,
these initial findings give us novel insight into the
pathogenesis of anisonucleosis in liver transplant recipients
with chronic hepatitis C virus infection. To expand these
observations, we have initiated further studies addressing
any possible association of fibrosis progression, diabetes,
oxidative damage and anisonucleosis in other benign liver
conditions including metabolic and toxic steatohepatitis,
drug induced liver injury, autoimmune hepatitis, and other
viral hepatitides.

In conclusion, the current study provides initial evidence
to suggest that there might be an association among
anisonucleosis, oxidative damage, and diabetes mellitus in
orthotopic liver transplant recipients with chronic hepatitis
C virus infection. Further studies with a larger patient
cohort will be necessary to determine whether anisonucleo-
sis is a definitive marker of oxidative stress or diabetes in
chronic hepatitis C virus infection.

References

1. Crawford Jm (2004) The liver and biliary tree. Kumar VFN,
Abbas A (eds). Philadelphia, WB Saunders, pp 877–937

2. Henmi A, Uchida T, Shikata T (1985) Karyometric analysis of liver
cell dysplasia and hepatocellular carcinoma. Evidence against
precancerous nature of liver cell dysplasia. Cancer 55:2594–2599

3. Zeppa P, Zabatta A, Fulciniti F, Vetrani A, Di Benedetto G, De
Rosa G, Palombini L (1988) The role of morphometry in the
cytology of well-differentiated hepatocarcinoma and cirrhosis
with atypia. Anal Quant Cytol Histol 10:343–348

4. Kuo SH, Lai MY, Liu YR, Lee YT, Chen DS, Lee CS, Hsu HC
(1994) Nuclear area and DNA content in tumor and nontumor
portions of hepatocellular carcinoma. Anal Quant Cytol Histol
16:153–158

5. Koutselini H, Lazaris AC, Kavantzas N, Kiritsi T, Davaris PS
(2000) Significance of nuclear morphometry as a diagnostic tool
in fine-needle aspirates of the liver. Eur J Gastroenterol Hepatol
12:913–921

6. Wood LJ, Mundo F, Searle J, Powell LW (1985) Sulindac
hepatotoxicity: effects of acute and chronic exposure. Aust NZ J
Med 15:397–401

7. Chadee K, Meerovitch E (1984) The pathogenesis of experimen-
tally induced amebic liver abscess in the gerbil (Meriones
unguiculatus). Am J Pathol 117:71–80

8. Giri RK, Das BR (1996) Differential expression of c-jun and
c-myc in N-nitroso diethylamine-induced hepatic oncogenesis
in AKR mice. Cancer Lett 109:121–127

9. Wise M, Bialek S, Finelli L, Bell BP, Sorvillo F (2008) Changing
trends in hepatitis C-related mortality in the United States, 1995–
2004. Hepatology 47:1128–1135

198 G. Guzman et al.



10. El-Serag HB, Hampel H, Javadi F (2006) The association between
diabetes and hepatocellular carcinoma: a systematic review of
epidemiologic evidence. Clin Gastroenterol Hepatol 4:369–380

11. El-Serag HB, Tran T, Everhart JE (2004) Diabetes increases the
risk of chronic liver disease and hepatocellular carcinoma.
Gastroenterology 126:460–468

12. Cui J, Holmes EH, Greene TG, Liu PK (2000) Oxidative DNA
damage precedes DNA fragmentation after experimental stroke in
rat brain. FASEB J 14:955–967

13. Valyi-Nagy T, Dermody TS (2005) Role of oxidative damage in
the pathogenesis of viral infections of the nervous system. Histol
Histopathol 20:957–967

14. Cotler SJ, Kallwitz E, Tencate V, Bhushan A, Berkes J, Benedetti
E, Layden-Almer J, Layden TJ, Valyi-Nagy T, Guzman G (2007)
Diabetes and hepatic oxidative damage are associated with
hepatitis C progression after liver transplantation. Transplantation
84:587–591

15. Everhart JE, Wei Y, Eng H, Charlton MR, Persing DH, Wiesner
RH, Lake JR, Germer JJ, Zetterman RK, Hoofnagle JH (1999)
Recurrent and new hepatitis C virus infection after liver
transplantation. Hepatology 29:1220–1226

16. Lefkowitch JH (2009) Recent developments in liver pathology.
Hum Pathol 40:445–455

17. Batts KP, Ludwig J (1995) Chronic hepatitis. An update on
terminology and reporting. Am J Surg Pathol 19:1409–1417

18. Demetris AJ, Adeyi O, Bellamy CO, Clouston A, Charlotte F,
Czaja A, Daskal I, El-Monayeri MS, Fontes P, Fung J, Gridelli B,
Guido M, Haga H, Hart J, Honsova E, Hubscher S, Itoh T, Jhala
N, Jungmann P, Khettry U, Lassman C, Ligato S, Lunz JG 3rd,
Marcos A, Minervini MI, Molne J, Nalesnik M, Nasser I, Neil D,
Ochoa E, Pappo O, Randhawa P, Reinholt FP, Ruiz P, Sebagh M,
Spada M, Sonzogni A, Tsamandas AC, Wernerson A, Wu T,
Yilmaz F (2006) Liver biopsy interpretation for causes of late liver
allograft dysfunction. Hepatology 44:489–501

19. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ,
Cummings OW, Ferrell LD, Liu YC, Torbenson MS, Unalp-Arida
A, Yeh M, Mccullough AJ, Sanyal AJ (2005) Design and
validation of a histological scoring system for nonalcoholic fatty
liver disease. Hepatology 41:1313–1321

20. Anthony PP, Vogel CL, Barker LF (1973) Liver cell dysplasia: a
premalignant condition. J Clin Pathol 26:217–223

21. Anthony PP (1976) Precursor lesions for liver cancer in humans.
Cancer Res 36:2579–2583

22. Guzman G, Wu SJ, Kajdacsy-Balla A, Cotler SJ (2006) Alpha-
methylacyl-CoA racemase (AMACR/P504S) can distinguish
hepatocellular carcinoma and dysplastic hepatocytes from benign
nondysplastic hepatocytes. Appl Immunohistochem Mol Morphol
14:411–416

23. Luo J, Zha S, Gage WR, Dunn TA, Hicks JL, Bennett CJ, Ewing
CM, Platz EA, Ferdinandusse S, Wanders RJ, Trent JM, Isaacs
WB, De Marzo AM (2002) Alpha-methylacyl-CoA racemase: a
new molecular marker for prostate cancer. Cancer Res 62:2220–
2226

24. Jiang Z, Wu CL, Woda BA, Iczkowski KA, Chu PG, Tretiakova
MS, Young RH, Weiss LM, Blute RD Jr, Brendler CB, Krausz T,
Xu JC, Rock KL, Amin MB, Yang XJ (2004) Alpha-methylacyl-
CoA racemase: a multi-institutional study of a new prostate cancer
marker. Histopathology 45:218–225

25. Poynard T, Bedossa P, Opolon P (1997) Natural history of liver
fibrosis progression in patients with chronic hepatitis C. The
OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups.
Lancet 349:825–832

26. Russack V, Vass L, Gupta PK (1993) Comparison of morphologic
features of benign hepatocytes associated with nonmalignant and
malignant liver lesions. Acta Cytol 37:153–157

27. Gong G, Waris G, Tanveer R, Siddiqui A (2001) Human hepatitis
C virus NS5A protein alters intracellular calcium levels, induces
oxidative stress, and activates STAT-3 and NF-kappa B. Proc Natl
Acad Sci USA 98:9599–9604

28. Abdalla MY, Ahmad IM, Spitz DR, Schmidt WN, Britigan BE
(2005) Hepatitis C virus-core and non structural proteins lead to
different effects on cellular antioxidant defenses. J Med Virol
76:489–497

29. Evans JL, Maddux BA, Goldfine ID (2005) The molecular basis
for oxidative stress-induced insulin resistance. Antioxid Redox
Signal 7:1040–1052

30. Poli G (2000) Pathogenesis of liver fibrosis: role of oxidative
stress. Mol Aspects Med 21:49–98

31. Davila JA, Morgan RO, Shaib Y, Mcglynn KA, El-Serag HB
(2005) Diabetes increases the risk of hepatocellular carcinoma in
the United States: a population based case control study. Gut
54:533–539

32. Campbell JS, Johnson MM, Bauer RL, Hudkins KL, Gilbertson
DG, Riehle KJ, Yeh MM, Alpers CE, Fausto N (2007) Targeting
stromal cells for the treatment of platelet-derived growth factor
C-induced hepatocellular carcinogenesis. Differentiation 75:843–852

Anisonucleosis, Diabetes, & Oxidative Damage 199


	Nucleometric...
	Abstract
	Materials and Methods
	Study Population
	Liver Histology
	Nucleometry to Determine Average Hepatocyte Nuclear Size and Calculations for the Range of the Average Hepatocyte Nuclear Size as an Expression of Anisonucleosis
	Immunohistochemistry and Image Analysis for Detection and Assessment of Oxidative Damage
	Calculation of Fibrosis Index as a Measure of Progression of Fibrosis over Time
	Clinical Data
	Statistical Analysis

	Results
	Study Population
	Hepatocyte Nucleometry
	Immunohistochemistry for Hepatocyte Oxidative Damage Marker
	Fibrosis Index and Categorical Designation into Low or High Fibrosis Index (n = 33)
	Associations Among Anisonucleosis and Various Clinical Parameters
	Association Between Anisonucleosis and Oxidative Damage and Diabetes Mellitus
	Association Between Range of Staining Index and History of Diabetes Mellitus

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


