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Introduction

S-adenosyl-L-methionine (SAMe) is a methyl donor for methyltransferase reactions and
regulates the synthesis of glutathione, a main cellular antioxidant. SAMe is also involved in
regulation of hepatocyte growth, differentiation, and death. Abnormal hepatic methionine
metabolism is associated with the development of alcoholic liver disease (ALD) (Medici et
al., 2011). Studies with ethanol-fed micropigs with histopathology of ALD were shown to
have reduced liver SAMe levels whereas the administration of SAMe prevented these
changes (Esfandiari et al., 2005; Villanueva et al., 2007). This report is an in-depth
expansion on the histopathology findings from a previously reported double-blinded,
placebo-controlled 24-week clinical trial that used SAMe for treatment of ALD patients
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(Medici et al., 2011). In the previous report, liver pathology was compared by change in
score between SAMe and placebo groups using five quantitative histologic scores: steatosis,
fibrosis, percent fibrosis per square field, inflammation, and Mallory-Denk bodies (MDB).
Other clinical parameters such as the AST, ALT, bilirubin levels, change in MELD score
and Child score were also studied in the previous report. As previously reported, there were
no differences in changes in clinical or histopathological parameters following 24 weeks of
either SAMe or placebo treatment (Medici et al., 2011). In the present study, we measured
additional morphologic changes of the liver in biopsies obtained at baseline and after six
months of SAMe treatment or placebo. The materials, methods, patient inclusion and
exclusion criteria have been previously reported but are included here for clarity. For full
details of the materials, methods, patient inclusion and exclusion criteria, the reader is
referred to the previous (Medici et al., 2011) report.

Materials and methods

SAMe (S-adenosyl-L-methionone-SD4) was provided as a gift from Abbott Laboratories
(Abbott Park, IL) in 400mg tablets. ALD patient volunteers were randomly assigned to
receive SAMe or matching placebo using a computer-generated allocation sequence. Study
subjects, care providers, study coordinator and those assessing outcomes were blinded to the
intervention. Patients were instructed to continue all current medications but were prohibited
from consuming alcoholic drinks. Patients were followed at 2-week intervals for 8 weeks,
then at 4-week intervals until 24 weeks. Liver biopsies were obtained before treatment or
placebo and at the end of the study. Patients were considered noncompliant and were
dropped from the study if they were non-compliant with abstinence. The UC Davis
Institutional Review Board approved the protocol (# 200311168-7), and all patients
provided written informed consent (Medici et al., 2011). Inclusion criteria were a positive
history of chronic alcohol abuse according to the World Health Organization definition
(O’Connor et al., 1998) and the clinical features of ALD. Patients with laboratory findings
of co-morbid liver disease such as chronic hepatitis B or C, primary biliary cirrhosis,
autoimmune hepatitis, Wilson disease, or hereditary hemochromatosis were not included.
Patients with cancer, congestive heart failure, renal insufficiency with serum creatinine >1.2
mg/ml, use of antifolate drugs or corticosteroids, or infectious illnesses were excluded
(Medici et al., 2011).

Percutaneous biopsies were obtained from the right lobe of the liver by ultrasonic guidance
using a 16G Jamshidi needle. The liver biopsies were graded using a Nikon E400
microscope equipped with a digital camera and Nikon Metomorph computer software
(Molecular Devices Corporation, Downingtown, PA). The biopsies were graded on fourteen
characteristics by semi-quantitative scores: for steatosis by H&E stain (1-4), for
inflammation by H&E stain (1-4), for fibrosis by H&E stain and Sirius red stain (1-4), for
percent fibrosis per square field (Metomorph software), for necrosis by H&E stain (0-3), for
apoptosis by TUNEL stain, for stellate cell activation by smooth muscle actin stain (0-4),
for Kupffer cells by CAMS5.2 stain (0-3), for polymorphonulcear leukocytes (PMN) on
H&E stain (0-3), for lipogranules on H&E stain (0-3), for lymphocytes on H&E stain (0-3),
for balloon (ghost) cells by CAMS5.2 stain (0-4), for MDB by CAMS.2 stain and Ubiquitin
stain (1-4), and for duct metaplasia by AE1/AE3 stain (0-4).

Statistical Method

Data from six patients in the treatment group and eight patients in the placebo group who
completed the study with both baseline and 24 week completion liver biopsies were entered
using SigmaStat Software version 3.5 (Point Richmond, CA) and analyzed using ANOVA
in parametric groups and Kruskal-Wallis One Way Analysis of Variance on Ranks in non-
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parametric groups. Comparisons of changes in each semi-quantitative histopathologic score
in liver biopsies at week 0 versus week 24 were made between those from the SAMe treated
and placebo groups. In order to determine the separate effects of 24 weeks of abstinence on
histopathology scores, the values in each score from each subject were added together and
differences in median scores were analyzed using the Mann-Whitney Rank Sum Test.

Fourteen characteristics were studied comparing the SAMe treated group to the placebo
group and the biopsy #1 (week 0) to biopsy #2 (week 24). Medians, inter-quartile ranges,
and P-values for differences between the two groups are shown in Table 1. All differences
had a P-value that was greater than 0.05, indicating that any recorded changes cannot be
excluded as random. The medians were similar in both the treated and placebo group
showing no significant differences in each score between biopsy #1 and biopsy #2 in each
group. For example, the lymphocyte score median in the placebo group was 1 at both week
0 and week 24; in the treated group it was 0.5 at week 0 and 1 at week 24 (Figure 1)
showing that they started off similarly. For duct metaplasia, the median in the treated group
at week 0 was 4 and 3.5 at week 24 (Figure 2). For duct metaplasia in the placebo group, the
median was 2.5 at week 0, and 2 at week 24 showing again that the two groups started off
similarly and ended similarly. Duct metaplasia occurs at the liver edge of the portal or
scarred areas, which activates stellate cells to promote parenchymal fibrosis. This activity
was the same in both the treated and placebo groups.

Several different changes were advanced at baseline in a single liver biopsy, where one
biopsy showed necrosis, balloon cell formation, lipogranules, and presence of MDB at the
same time. Some liver biopsies showed mostly fibrosis, nodular regeneration, duct
metaplasia, and almost no normal hepatocytes remaining at baseline. For balloon cells, the
median in the treated group at week 0 was 0.5 and the 1 at week 24. Figure 3 shows balloon
cells at different stages of formation and we see that MDB formed within the balloon cells.

When both groups were analyzed as a whole to measure just the effect of abstinence
comparing changes between biopsy #1 and biopsy #2 (Table 2), only the median smooth
muscle actin stain score decreased from 2 to 1 with a P-value = 0.027. For the rest of the
characteristics, the p-values remained greater than 0.05.

Discussion

Statistical analysis revealed no statistically significant difference in the twelve liver biopsy
characteristics studied when comparing the SAMe treated group to the placebo group from
week 0 to week 24. These results are an expansion of the previous report (Medici et al.,
2011), which found no treatment differences in scores for steatosis, fibrosis, percent fibrosis,
inflammation, and MDB over the duration of the study, but were analyzed using a different
statistical method (Medici et al., 2011). The nine additional characteristics studied here also
did not show statistically significant changes at 24 weeks. This is important since one would
expect that many features of liver injury would improve from abstinence of alcohol
consumption. However, the smooth muscle actin stain score improved when the results of
the treatment and placebo groups were combined.

Even though the changes were not statistically significant, there were still minor changes

that were interesting although not quantifiable. For example, MDB formation was seen in a
perivenular location in one placebo participant at week 0, but at week 24, the MDB seemed
to form more centrally (Figure 5). Also the MDB may be the same in number, but different
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in terms of size and thickness; for example one may be more ropey and long whereas others
may be thin and short.

We do need to take into account that all participants had moderate to severe baseline disease
(with steatosis and fibrosis) to begin with and the response to SAMe treatment may require a
larger number of normal functioning hepatocytes. Some liver biopsies consisted of mostly
fibrosis, nodular degeneration, and duct metaplasia so that there were very few normal
hepatocytes remaining (but this can be due to sampling). This advanced disease would make
it hard to see even minimal improvement after six months. Other liver biopsies had
centrolobular fibrosis, portal fibrosis, and bridging fibrosis to begin with, so that additional
fibrosis is likely hard to quantify via scores alone, however, fibrosis may change in location,
for example there may be reduced pericellular fibrosis but the centrolobular fibrosis
remained the same. This study is unique in that most of the patients did not start off with
high inflammation scores (median scores were 0 at baseline and at week 24), which is often
thought to be high in ALD patients. Findings from this study also suggest that it may not be
beneficial to wait for more definitive treatment, like liver transplant in ALD patients, since
the liver tissue remained with the same degree of pathology six months out, regardless of
treatment. This opposes the idea that delaying liver transplant by six months is beneficial for
the repair process of the liver when alcohol consumption stops.

The greatest limitation in this study is the small number of participants, which decreased the
study power considerably. To increase the n (and therefore the power) of the study, we
combined the treatment and placebo groups since neither group showed a significant
difference from biopsy #1 to biopsy #2 alone. This resulted in a decrease over time for all
biopsies in the amount of activated stellate cells seen using the smooth muscle actin stain.
Stellate cell activation is known to play a role in the initial stages of hepatitis B and C virus
induced fibrosis but is not as active once the fibrosis activity remains stable (Lau et. al,
2005, Akpolat et. al, 2005). Other than increasing the n, future studies might also lengthen
the follow-up biopsy to one year or two years, which might show a beneficial effect from
alcohol abstinence.

We note that staining was not always consistent from week 0 to week 24 (for example the
CAM5.2 stain may be darker in one group), which poses a problem during scoring. Another
limitation was the variability in biopsy location in the liver: some liver biopsies clearly had a
liver capsule and others did not. It is known that disease affects the different liver
geographic locations differently. We noticed in one participant, the biopsy immediately
beneath the capsule had more inflammation, lymphocytes, and balloon cells, but the repeat
biopsy (showing no capsule), which is postulated to be deeper in position, appeared to be
almost normal. Sometimes, the steatosis was macrovesicular to start with, and the repeat
biopsy showed the same score of steatosis, but it was now microvesicular. Although we did
look at fourteen characteristics, there are some characteristics that have not yet been
quantified: some hepatocytes were more eosinophilic or oxyphilic than others, which may be
a pre-neoplastic change. Future studies may want to include additional characteristics of
liver histopathology to access change in SAMe treatment in ALD patients.
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Week 0 Week 24

Figure 1.
Liver biopsy from a patient in the treated group. H&E showing that there are similar

numbers of hepatocytes and lymphocytes at week 0 and week 24 and the amount of fibrosis
was unchanged. (Magnification 200x)
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Week 0 Week 24

Figure2.
Liver biopsy from a patient in the treated group. AE1/AE3 stain showed no significant
change in duct metaplasia comparing week 0 with week 24. (Magnification 200x)
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Figure3.

High power view of a liver biopsy, CAMS5.2 stain, showed balloon cell formation at
different stages (arrow) and presence of Mallory-Denk bodies (curved arrow).
(Magnification 400x)
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Week 0 Week 24

Figure4.
Liver biopsy with SMA stain showing decrease in stellate cell activation from week 0 with
week 24. (Magnification 200x)
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Week 0 Week 24

Figure5s.

Liver biopsy from a patient in the placebo group. Ubiquitin stain showing perivenular
Mallory-Denk bodies located at week 0 but more in zone 3 at week 24. (Original
magnification 200x)
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