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Abstract

AIM: To compare lymphocyte subsets between healthy
controls and alcoholics with liver disease.

METHODS: The patient cohort for this study included
individuals who were suspected to have alcoholic liver
disease (ALD) and who had undergone liver biopsy (for
disease grading and staging, doubts about diagnosis,
or concurrent liver disease; n = 56). Normal controls
included patients who were admitted for elective cho-
lecystectomy due to non-complicated gallstones (7 =
27). Formalin-fixed, paraffin-embedded liver biopsy
specimens were sectioned and stained with hematoxy-
lin and eosin and Perls’ Prussian blue. The non-alco-
holic steatohepatitis score was used to assess markers
of ALD. Lymphocyte population subsets were deter-
mined by flow cytometry. T lymphocytes were identi-
fied (CD3"), and then further subdivided into CD4"* or
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CD8* populations. B lymphocytes (CD19%) and natural
killer (NK) cell numbers were also measured. In addi-
tion to assessing lymphocyte subpopulation differences
between ALD patients and controls, we also compared
subsets of alcoholic patients without cirrhosis or absti-
nent cirrhotic patients to normal controls.

RESULTS: The patient cohort primarily consisted of
older men. Active alcoholism was present in 66.1%.
Reported average daily alcohol intake was 164.9 g and
the average lifetime cumulative intake was 2211.6 kg.
Cirrhosis was present in 39.3% of the patients and
66.1% had significant fibrosis (perisinusoidal and por-
tal/periportal fibrosis, bridging fibrosis, or cirrhosis) in
their liver samples. The average Mayo end-stage liver
disease score was 7.6. No hereditary hemochromatosis
genotypes were found. ALD patients (7 = 56) present-
ed with significant lymphopenia (1.5 x 10°%/L + 0.5 x
10°/L vs 2.1 x 10°/L £ 0.5 x 10°/L, 2 < 0.0001), due to
a decrease in all lymphocyte subpopulations, except for
NK lymphocytes: CD3* (1013.0 + 406.2/mm’ vs 1523.0
+ 364.6/mm’, P < 0.0001), CD4" (713.5 + 284.7/mm’
vs 992.4 + 274.7/mm’, P < 0.0001), CD8" (262.3 +
140.4/mm’ vs 478.9 £ 164.6/mm’, P < 0.0001), and
CD19" (120.6 £ 76.1/mm’ vs 264.6 + 88.0/mm’, P <
0.0001). CD8" lymphocytes suffered the greatest re-
duction, as evidenced by an increase in the CD4"/CD8"
ratio (3.1 £ 1.3 vs 2.3 £ 0.9, P = 0.013). This ratio
was associated with the stage of fibrosis on liver biopsy
(rs= 0.342, P = 0.01) and with Child-Pugh score (s =
0.482, P = 0.02). The number of CD8* lymphocytes
also had a positive association with serum ferritin levels
(rs= 0.345, P = 0.009). Considering only patients with
active alcoholism but not cirrhosis (7 = 27), we found
similar reductions in total lymphocyte counts (1.8 x
10°/L + 0.3 x 10°/L s 2.1 x 10°/L £ 0.5 x 10°/L, P =
0.018), and in populations of CD3" (1164.7 + 376.6/
mm’ vs 1523.0 + 364.6/mm’, 2 = 0.001), CD4" (759.8
+ 265.0/mm’ vs 992.4 + 274.7/mm’, P = 0.003), CD8*
(330.9 £ 156.3/mm’ 15 478.9 £ 164.6/mm?, P = 0.002),
and CD19" (108.8 £ 64.2/mm’ vs 264.6 + 88.0/mm’, P
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< 0.0001). In these patients, the CD4*/CD8" ratio and
the number of NK lymphocytes was not significantly dif-
ferent, compared to controls. Comparing patients with
liver cirrhosis but without active alcohol consumption
(n = 11), we also found significant lymphopenia (1.3 x
10°/L + 0.6 x 10°/L vs 2.1 x 10°/L £ 0.5 x 10°/L, P <
0.0001) and decreases in populations of CD3" (945.5 +
547.4/mm? vs 1523.0 + 364.6/mm?, P = 0.003), CD4"
(745.2 % 389.0/mm’ 15 992.4 £ 274.7/mm?, P = 0.032),
CD8* (233.9 £ 120.0/mm’ vs 478.9 = 164.6/mm?, P
< 0.0001), and CD19" (150.8 + 76.1/mm’ vs 264.6
88.0/mm’, £ = 0.001). The NK lymphocyte count was
not significantly different, but, in this group, there was
a significant increase in the CD4*/CD8" ratio (3.5 + 1.3
vs 2.3 £ 0.9, P = 0.01).

CONCLUSION: All patient subsets presented with
decreased lymphocyte counts, but only patients with
advanced fibrosis presented with a significant increase
in the CD4*/CD8" ratio.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Alcohol is the third highest cause of disease burden,
worldwide, and the second highest cause in Europe.
Alcohol abuse is inseparable from several social
problems (e.g., violence, abuse, children negligence,
unemployment, and lost workdays)""?. The World
Health Organization estimates that worldwide alcohol
ingestion is responsible for approximately 2.5 million
deaths per year. Of those, 320 000 deaths are among
young people aged 15 to 29 years old".

Despite alcoholism being frequently associated with
cirrhosis and liver failure, only 30%-35% of chronic al-
coholics develop liver disease (steatohepatitis and/or cit-
thosis)™ and only 10%-15% have documented cirrhosis
on post mortem examination®. It is still not clear why this
is, but certainly alcohol is a necessary factor for alcoholic
liver cirrhosis!”.

It is usual to consider classical alcoholic liver disease
(ALD) using various histological sub-types: steatosis,
steatohepatitis, cirrhosis, and possibly hepatocellular cat-
cinoma. Normally, two or more such sub-types coexist,
representing the spectrum of liver response to alcohol
injury. This division is useful for understanding ALD as
a continuous evolution and, above all, to understand its
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spectrum of reversibility, as the disease is highly treat-
able at the point of pure steatosis but almost impossible
at the point of cirrhosis” .

As a disease involving liver inflammation, the role of
lymphocytes in ALD has been the subject for different
lines of research. Lymphocytes (together with neutro-
phils, macrophages, and plasma cells) are present in al-
coholic steatohepatitis lobular inflammatory infiltrate!"”.
It is widely accepted that immune system activation is
relevant for alcoholic steatohepatitis pathogenesis and
ALD progression. The causative endotoxins are likely
lipopolysaccharides (LPS) secreted from Gram-negative
bacteria, as LPS blood levels are increased in ALD. The
increase has been attributed to jejunal bacterial over-
growth and to increased intestinal wall permeability
caused by alcohol!"",

Portal blood LPS has been shown to stimulate liver
Kupffer cells, by the direct activation of two cellular re-
ceptors, TLR-4 and CD14"", This activation leads to a
downstream cascade of intracellular events, namely the
activation of nuclear factor kappa B, activator protein 1,
and interferon regulatory factors, and the alteration of
pro-caspases 3 and 8 and c-Jun N-terminal kinase. Those
events lead to a local immune response and the produc-
tion of tumor necrosis factor alpha, interleukins 13, 6,
8, 12 and 18, prostaglandins E2 and D, transforming
growth factor B, and leukotrienes. All of these changes
cause polymorphonuclear neutrophil recruitment, in-
creased production of cellular adhesion molecules, in-
creased oxidative stress, and activation of hepatic stellate
cells (HSC), leading to increased collagen deposition'*"?,
Humoral immunity may also play a role in ALD patho-
genesis. Several autoantibodies, mostly antiphospholipid
but also anti-nuclear, anti- double or -single stranded
DNA (ant-dsDNA/ssDNA), and anti-lymphocytes, can
be detected in 25%-60% of ALD patients' >,

The oxidative stress caused by alcohol metabolism
can damage several cellular structures and trigger a
process similar to idiosyncratic toxic hepatitis. In this
process, a toxic metabolite forms haptens, which are
presented by antigen-presenting cells to lymphocytes.
These modified protein fragments can induce T cell
clones, which then recognize self and non-self modified
proteins and activate B cells. The newly activated B cells
are then also able to produce immunoglobulins directed
both to haptens and to native proteins™

Despite this immune deregulation, T lymphocyte
activation and antigen-presenting cells are impaired in
chronic alcoholism, leading to a subdued response to
bacterial and viral infections. There is often an increased
incidence of tuberculosis, pneumonia, and an increased
susceptibility to human immunodeficiency virus and
hepatitis ¢ virus (HCV) infections in alcoholic patients.
Alcohol also alters serum immunoglobulin levels, quan-
titative relations between the several lymphocyte popu-
lations, endocytic activity, and cytokine production by
phagocytic polymorphonuclear cells™*,

The human hemochromatosis, or HFE, protein
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and its encoding gene were uncovered in 1996, after re-
searchers noticed that the mutation 845G—A in HFE
(then named HI.A-H) was homozygous in 80% of
patients with hereditary hemochromatosis. This muta-
tion caused the replacement of a cysteine by a tyrosine
in position 282 of the HFE protein, then named HFE-
C282Y™!. Other common HFE mutations are H63D
and S65C. Interpreting the presence of these mutations
requires some caution. For instance, H63D homozy-
gotes are not at risk for iron overload and the S65C
allele only seems to have relevance when it is inherited
with a heterozygous C282Y mutation. In these instances,
it appears to worsen iron overload™, Consequently, the
relationship between HFE mutations and iron ovetload/
ALD progression has been controversial”?.

The aim of this study was to compare the lympho-
cyte subsets between ALD patients and healthy controls.
We also compared lymphocyte populations between
ALD patient subgroups, namely those with or without
active alcoholism and with or without significant fibrosis.

MATERIALS AND METHODS

Both Tondela-Viseu Hospital Centre and the Ethics
Committee of the Faculty of Medicine of University of
Coimbra approved the study design, which conformed to
the ethical guidelines of the 1975 Declaration of Helsinki.

Study population

Patients were recruited from the Liver Diseases Out-
patient Consultation at Tondela-Viseu Hospital Centre.
The cohort consisted of those patients with suspected
ALD who had undergone liver biopsy (for disease grad-
ing and staging, doubts about diagnosis, or the presence
of concurrent liver disease). They were selected with the
following inclusion criteria: aged 18- to 80-year-old; male
or female; liver biopsy compatible with alcoholic liver
disease; with or without active alcohol consumption;
no upper gastrointestinal bleeding in the previous three
months; serum ferritin above normal inferior limits;
without other relevant liver or systemic disease; and will-
ing to give informed written consent. Fifty-six patients
were enrolled in total.

As normal controls, we approached patients who
had been admitted for elective cholecystectomy due to
non-complicated gallstones. A small liver sample was
collected during surgery for another study. The inclu-
sion criteria were: male or female; alcohol consumption
lower than 20 g/d in women and 40 g/d in men; aged
between 18- and 80-year-old; without anemia and with
serum ferritin above inferior limits of normality; with
alanine aminotransferase (ALT), aspartate transaminase
(AST), y-glutamyl transpeptidase (GGT) and alkaline
phosphatase (ALP) lower than three times the upper
normal limit; without other liver or systemic relevant
diseases; without evidence of inflammation, as measured
by C-reactive protein (CRP < 2.5 mg/dL); and willing to
give informed written consent. Twenty-seven controls
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were enrolled in total.

Histopathologic evaluation

Liver tissue samples were collected, fixed in 10% for-
malin buffer, and embedded in paraffin. Tissue sections
were cut and stained with hematoxylin and eosin and
Perls” Prussian blue. Since a validated histological score
for ALD does not exist, we used an adaption from the
non-alcoholic steatohepatitis score™. A semi-quan-
titative evaluation was performed to measure several
parameters, including steatosis (absent, light, moderate,
or severe), necroinflammatory activity (absent, light,
moderate, or severe), fibrosis (absent, periportal or peri-
sinusoidal fibrosis, periportal and perisinusoidal fibrosis,
bridging fibrosis, or cirrhosis) and iron stores grade (with
Perls’ coloration and evaluation using Scheuer’s scale).

Laboratory and other evaluations

Patients and controls underwent routine laboratory
evaluations for liver diseases, including complete blood
counts, estimations of coagulation [by the international
normalized ratio (INR)], glucose, kidney function, ami-
notransferases (ALT, AST), GGT, ALP, CRP, serological
markers for HBV and HCV infections, ceruloplasmin,
o l-antitrypsin, serum iron, ferritin, and transferrin satu-
ration measurements. Also, the model for end-stage liver
disease (MELD) and Child-Pugh scores were calculated.
All patients also had a previous liver ultrasound evalua-
tion.

HFE genotypes were evaluated with Hemochroma-
tosis Strip Assay A (Vienna Lab, Vienna, Austria). This
test also detects some very rare HFE mutations (includ-
ing E168Q, E168X, V59M, H63H, P160delC, Q127H,
Q283P, V53M, and W164X), as well as ferroportin 1 and
transferrin receptor type 2 mutations.

Lymphocyte subsets were determined by flow cy-
tometry, using an EPICS XL-MCL (Beckman Coulter)
cytometer. T lymphocytes were identified (CD3"), and
then subdivided into CD4" or CD8" populations. B lym-
phocytes (CD19") and natural killer (NK) cells numbers
were also measured.

Statistical analysis

Statistical analysis were performed using SPSS Statistics
Data Editor 20 software (IBM, Armonk, NY). Groups
were characterized using descriptive statistics, means,
standard deviations, and percentages. Categorical vari-
ables were analyzed by the 3 test (with Yates continuity
correction or with Fisher’s exact test, when appropriate).
Paired parametric numerical variables were analyzed for
normal distribution, using the Shapiro-Wilk test, and
then the differences between two sampled means was
assessed for statistical significance using the Student’s #
test or the non-parametrical Mann-Whitney U test for
non-normally distributed variables. Correlations between
variables were evaluated with Spearman correlation coef-
ficient. All P values were two-sided and a P < 0.05 was
considered to be statistically significant.
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Table 1 The clinical and laboratory comparison between alcoholic liver disease cases

and controls

Cases (n = 56) Controls (n = 27) P value
Age (yr) 53.7£10.9 474 +14.4 0.036
Men (%) 83.9 14.8 <0.0001
Active alcoholism (%) 66.1 = =
Daily consumption (g) 164.9 £58.3 - -
Lifetime total consumption (kg) 2211.6 £992.4 - -
Significant fibrosis' (%) 66.1 = =
Cirrhosis (%) 39.3 - -
Child-Pugh score 62+1.7
MELD score 7.6+4.7 - -
= 1 HFE mutation (%) 37.5 222 NS
WBC (x 10°/L) 6221 61+14 NS
Neutrophils (x 10°/L) 3917 3412 NS
RBC (x 10%/L) 4007 45+04 0.006
Hemoglobin (g/L) 13.4+2.0 13.9+1.2 NS
MCV (fL) 979+65 90.8 +4.0 <0.0001
Platelets (x 10°/L) 149.0 £ 82.0 231.0+£36.0 <0.0001
INR 12402 1.0£0.1 <0.0001
Creatinin (mg/dL) 09+0.3 0.8+0.1 NS
Albumin (g/dL) 3708 3.9+0.6 NS
Albumin/ globulin ratio 1.0+£04 14+£03 <0.0001
Alkaline phosphatase (UI/dL) 119.2 £ 64.5 68.3 £14.0 <0.0001
GGT (UI/dL) 221.6 +218.8 379331 <0.0001
ALT (UI/dL) 432 £30.7 29.4+15.3 <0.0001
AST (UI/dL) 60.9 £29.4 251+7.9 <0.0001
Total bilirubin (mg/dL) 18+27 0.7+03 <0.0001
IgA (mg/dL) 583.4 +£288.2 259.0 +£146.7 <0.0001
IgG (mg/dL) 14843 £514.4 1061.1 £ 210.0 <0.0001
IgM (mg/dL) 167.8 £ 87.8 117.6 £43.3 0.008
Total Ig (mg/dL) 2035.4 +790.5 1437.7 £312.0 <0.0001
Serum iron (ng/dL) 115.7 £59.7 93.8£34.1 NS
Serum ferritin (ng/mL) 474.6 £ 416.0 126.9 £109.8 <0.0001
Transferrin saturation (%) 39.6£19.9 29.6 £10.8 0.052
CRP (mg/dL) 11+16 07+0.7 NS
Lymphocyte subsets
Lymphocytes (x 10°/L) 1.5+05 21+05 <0.0001
CD3" lymphocytes (/mm’) 1013.0 + 406.2 1523.0 +364.6 <0.0001
CD4" lymphocytes (/mm®) 713.5 +284.7 992.4 +274.7 <0.0001
CD8' lymphocytes (/mm®) 262.3 +140.4 478.9 £164.6 <0.0001
CD4"/CD8" ratio 31+£13 23+0.9 0.013
CD19" lymphocytes (/mm?) 120.6 £76.1 264.6 £ 88.0 <0.0001
NK lymphocytes (/mm’) 151.5+134.9 178.7 +£210.0 NS

'Perisinusoidal and portal/periportal fibrosis, bridging fibrosis or cirrhosis. MELD: Model for end-stage
liver disease; WBC: White blood cell; RBC: Right blood cell; MCV: Mean cell volume; INR: International
normalized ratio; GGT: y-glutamyl transpeptidase; ALT: Alanine aminotransferase; AST: Aspartate trans-

aminase; CRP: C-reactive protein; NK: Natural killer; NS: Not significant.

RESULTS

The clinical and laboratory comparison between ALD
patients and healthy controls is shown in Table 1. Pa-
tients within the ALD cohort were slightly older and
were predominantly men. Active alcoholism (defined as
active ingestion of alcoholic beverages) was documented
for 66.1% of the patients, who reported an average daily
alcohol intake of 164.9 g and an average lifetime cumula-
tive intake of 2211.6 kg, Cirrhosis was present in 39.3%
of the patients and 66.1% of them had significant fibro-
sis (as evidenced by petisinusoidal and portal/petiportal
fibrosis, bridging fibrosis, or cirrhosis) on liver samples.
The histological findings for patients’ liver biopsies are
shown in Table 2. The average MELD score was 7.6 and
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no hereditary hemochromatosis genotypes were found.
The prevalence of HFE mutations was not significantly
different between cases and controls.

Despite the difference in sex distribution, hemo-
globin values were slightly higher in the control group,
albeit not statistically significant. The number of red
blood cells was lower in ALD patients, which was related
to a significantly higher mean corpuscular volume. The
number of platelets was lower in the ALD group. No
significant differences were found concerning kidney
function and CRP values.

While the total leukocyte and neutrophil numbers
were not significantly different between cases and con-
trols, the total lymphocyte count was significantly lower
in the ALD group (1.5 X 10°/L + 0.5 X 10”/L »s 2.1
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Table 2 Histological findings on liver biopsy 7 (%)

Fibrosis
Absent 8 (14.3)
Periportal or perisinusoidal 4(7.1)
Periportal and perisinusoidal 7 (12.5)
Bridging fibrosis 15 (26.8)
Cirrhosis 22 (39.3)
Steatosis
Absent 14 (25)
Mild (< 25%) 33 (58.9)
Moderate (25%-50%) 7 (12.5)
Severe (> 50%) 2(3.6)
Necroinflammatory activity
Absent 21 (37.5)
Mild 19 (33.9)
Moderate 11 (19.6)
Severe 5(8.9)
Iron liver stores (Scheuer's Scale on Perls's stain)
Absent 32 (57.1)
Grade 1 11 (19.6)
Grade 2 9 (16.1)
Grade 3 3 (5.4)
Grade 4 1(1.8)

X 10’/1. + 0.5 x 10°/L, P < 0.0001). Similarly, all lym-
phocyte subsets were significantly lower, except for NK
cells (Figure 1): CD3" (1013.0 £ 406.2/mm’ »s 1523.0 +
364.6/mm”’, P < 0.0001), CD4" (713.5 * 284.7/mm’ vs
992.4 + 274.7/mm’, P < 0.0001), CD8" (262.3 + 140.4/
mm’ s 478.9 £ 164.6/mm’, P < 0.0001), CD19" (120.6 +
76.1/mm’ 25 264.6 + 88.0/mm’, P < 0.0001). This reduc-
tion was proportionally higher in CD8" lymphocytes, as
evidenced by an increased CD4"/CD8" ratio Bl1x13w
23109, P=0.013).

In other laboratory parameters, significant differenc-
es were found for levels of INR, alkaline phosphatase,
GGT, aminotransferases, bilirubin, all classes of im-
munoglobulins, and ferritin. There was a trend for lower
serum albumin levels and higher transferrin saturation in
most cases of ALD. All of these laboratory abnormali-
ties have been previously associated with ALD.

Considering ALD patients only, we noted a few ad-
ditional associations. First, in terms of associations to
fibrosis, that the CD4"/CD8" ratio (r = 0.342, P = 0.01)
was positively associated and that total lymphocyte num-
bers were negatively associated (= -0.398, P = 0.002)
with the grade of fibrosis. Second, that an increased
CD4"'/CD8" ratio was correlated with the Child-Pugh
score (rn= 0.482, P = 0.02). Third, that the CD8" lym-
phocyte count had a positive association with serum fer-
ritin levels (n = 0.345, P = 0.009).

We went on to divide ALD patients into subsets, in
order to get more homogeneous groups that we could
compate to normal controls. If we considered only pa-
tients with active ingestion of alcoholic beverages, but
without cirrhosis (Table 3), we continued to observe a
significant lymphopenia (1.8 X 10’/L + 0.3 X 10/ 25 2.1
X 10’/L £ 0.5 X 10’/1, P = 0.018), which was caused by
lower numbers in all lymphocyte subsets except for NK
cells (Figure 2A): CD3" (1164.7 + 376.6/mm’ 25 1523.0
£ 364.6/mm’, P = 0.001), CD4" (759.8 + 265.0/mm’ vs
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Figure 1 Lymphocyte subsets: All patients vs normal controls. NK: Natural
killer; NS: Not significant.
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Figure 2 Lymphocyte subsets. A: Patients with active alcoholism/without cir-
rhosis vs normal controls; B: Patients with cirrhosis but no active alcoholism vs
normal controls. NK: Natural killer; NS: Not significant.

992.4 + 274.7/mm’, P = 0.003), CD8" (330.9 + 156.3/
mm’ 25 478.9 + 164.6/mm’, P = 0.002), and CD19" (108.8
£ 64.2/mm’ v 264.6 + 88.0/mm’, P < 0.0001). How-
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Table 3 Clinical and laboratory comparison between alcoholic liver disease cases with ac-

tive alcoholism vs controls with no cirrhosis

Patients (7 = 26) Controls (7 = 27) P value
Age (yr) 444+144 474+14.4
Men (%) 88.5 14.8 <0.0001
WBC (x 10°/L) 69+1.8 61+14 NS
Neutrophils (x 10°/L) 43%15 34%12 0.011
RBC (x 10%/L) 41+07 45+04 NS
Hemoglobin (g/L) 14.0+40 139+12 NS
MCV (fL) 99.9+5.9 90.8 £4.0 <0.0001
Platelets (x 10°/L) 204.7 £ 84.6 231.0 £36.0 NS
INR 11+02 1.0+0.1 NS
Creatinin (mg/dL) 09+0.2 08+0.1 NS
Albumin (g/dL) 40+05 3.9+0.6 NS
Albumin/ globulin ratio 14+03 14+03 NS
Alkaline phosphatase (UI/dL) 1023 £74.1 68.3 £14.0 NS
GGT (UI/dL) 297.8 +33.1 3794331 <0.0001
ALT (UI/dL) 55.8 £41.6 294+153 <0.0001
AST (UI/dL) 722+528 25179 <0.0001
Total bilirubin (mg/dL) 1106 0.7+03 0.027
CRP (mg/dL) 1120 0.7+0.7 NS
Lymphocyte Subsets
Lymphocytes (x 10°/L) 1.8+03 21+05 0.018
CD3" lymphocytes (/mm’) 1164.7 £ 376.6 1523.0 £ 364.6 0.001
CD4" lymphocytes (/mm’) 759.8 +265.0 992.4 +274.7 0.003
CD8" lymphocytes (/mm’) 330.9+156.3 478.9 £164.6 0.002
CD4’/CD8’ ratio 25+11 23+09 NS
CD19" lymphocytes (/mm®) 107.8 + 64.2 264.6 = 88.0 <0.0001
NK lymphocytes (/mm’) 180.2 £169.0 178.7 £ 210.0 NS

WBC: White blood cell; RBC: Right blood cell; MCV: Mean cell volume; INR: International normalized ra-
tio; GGT: y-glutamyl transpeptidase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; CRP:

C-reactive protein; NK: Natural killer; NS: Not significant.

ever, in this group, the CD4"/CD8" ratio was not signifi-
cantly different when compared to normal controls.

We performed one more analysis and considered
only cases with documented cirrhosis but without ac-
tive alcoholism (Table 4). Compared to normal controls,
lymphopenia was again evident (1.3 X 109/L + 0.6 X
10°/L »s 2.1 x 10°/1 £ 0.5 x 10’/L, P < 0.0001; Figure
2B), at the expense of all lymphocyte subsets except for
NK cells: CD3" (945.5 £ 547.4/mm’ ps 1523.0  364.6/
mm’, P = 0.003), CD4" (745.2 £ 389.0/mm’ »s 992.4 +
274.7/mm’, P = 0.032), CD8" (233.9 + 120.0/mm” »s
478.9 £ 164.6/mm’, P < 0.0001), and CD19" (150.8 +
76.1/mm’ 25 264.6 £ 88.0/mm’, P = 0.001). A signifi-
cant increase in the CD4"/CD8" ratio was also evident
in this group of patients with advanced fibrosis (3.5 £ 1.3
1523109, P=0.01).

DISCUSSION

While the role of lymphocytes in ALD pathogenesis
has been the subject of different lines of research, the
results and ultimate interpretations are discrepant. Lym-
phopenia and an increased CD4"/CD8" ratio in patients
with liver failure due to alcoholic cirrhosis was first de-
scribed by Couzigou e a/™. A later paper reported no
alterations in the total lymphocyte count, but did find an
increased CD4"/CD8" ratio in ALD patients”. Other
studies have identified significant lymphopenia with
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decreased numbers of CD4" and CD8" populations, in
both alcohol abusers without liver disease™ and in pa-
tients with alcoholic cirrhosis®™. A reduction in CD3"
and CD4" T lymphocytes was also found to correlate
with the severity of liver cirrhosis severity. Despite
these studies, Cook ¢# a/*” found an increase in the num-
ber of T lymphocytes in alcoholic patients without liver
disease, mainly due to an increased number of activated
CDS8" cells. Similarly, Arosa et al”” reported a relative
increase of some CD8" lymphocyte subtypes in alco-
holic patients compared to healthy controls, however no
significant differences were described for total CD4" or
CD8" T lymphocyte counts.

Apart from alterations in lymphocyte count, alcohol
appears to cause functional changes to lymphocyte sub-
sets™™, Th17 lymphocytes, a new CD4" effector sub-
population that has been recently described, are more
populous in ALD and their absolute numbers are associ-
ated with fibrosis stage™”. Several lymphocyte T integ-
rins (namely CD29, VLLA-3, VLLA-4 and VLA-5) are also
increased in ALD patients”. B lymphocytes were found
to be significantly decreased in ALD patients, while a
relative predominance of B cells characteristic of IgM
antibody production was found. There is speculation on
the possible contribution of these changes in autoimmu-
nity and immunodeficiency to ALD pathology™*.

A decreased NK cell activity was also reported in
ALD™, In recent years, the concept of resolution or
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Table 4 Clinical and laboratory comparison between alcoholic liver disease cases with cir-

rhosis but no active alcoholism and controls

Patients (7 = 11) Controls (7 = 27) P value
Age (yr) 56.8+9.0 474 +144 0.03
Men (%) 100 14.8 <0.0001
MELD score 10.5+4.6 =
WBC (x 10°/L) 54+25 61+14 NS
Neutrophils (x 10°/L) 34%20 34%12 NS
RBC (x 10%/L) 45+04 45+04 0.005
Hemoglobin (g/L) 129+21 13.9+12 NS
MCV (fL) 97.0+6.0 90.8+4.0 0.001
Platelets (x 10°/L) 103.5+39.4 231.0 £36.0 <0.0001
INR 14+03 1.0+0.1 <0.0001
Creatinin (mg/dL) 09+0.3 0.8+0.1 NS
Albumin (g/dL) 3407 3.9+0.6 0.003
Albumin/ globulin ratio 09+0.3 1403 <0.0001
Alkaline phosphatase (UI/dL) 1249 £32.6 68.3 +£14.0 NS
GGT (UI/dL) 84.2+555 379+33.1 0.005
ALT (UI/dL) 326+7.6 29.4+153 NS
AST (UI/dL) 46.9+£10.9 251+£79 <0.0001
Total bilirubin (mg/dL) 22+20 0703 <0.0001
CRP (mg/dL) 1115 0707 NS
Lymphocyte Subsets
Lymphocytes (x10°/L) 1.3+0.6 2105 <0.0001
CD3" lymphocytes (/mm’) 954.5 + 547 .4 1523.0 £ 364.6 0.003
CD4" lymphocytes (/mm’) 745.2 +389.0 992.4 +274.7 0.032
CD8" lymphocytes (/mm’) 233.9 £120.0 478.9 £164.6 <0.0001
CD4'/CD8’ ratio 315113 2309 0.01
CD19" lymphocytes (/mm®) 150.8 +108.4 264.6 + 88.0 0.001
NK lymphocytes (/mm’) 99.5 +54.5 178.7 £210.0 NS

MELD: Model for end-stage liver disease; WBC: White blood cell; RBC: Right blood cell; MCV: Mean cell
volume; INR: International normalized ratio; GGT: y-glutamy] transpeptidase; ALT: Alanine aminotransfer-
ase; AST: Aspartate transaminase; CRP: C-reactive protein; NK: Natural killer; NS: Not significant.

regression of liver fibrosis has been described in vari-
ous situations. The most important step in this process
appears to be the apoptosis of HSCs™. This event can
be induced by different mechanisms, with NK cell ac-
tivation by interferon-q, interferon-f, and interferon-y
being one of the most importantHS’%J. It is noticeable
that 30%-50% of liver lymphocytes are NK cells, so fur-
ther contributing to the link between NK cells and HSC
activity regulationl4(”47j. Furthermore, the experimental
administration of alcohol greatly increases the resistance
of HSCs to apoptosis, through NK cells and y-interferon
stimulation™*”. Other HSC interactions with immune
system cells are also the subject of ongoing research.
For instance, the phagocytosis of CD8" lymphocytes by
activated HSCs was reported, but the relevance of this
action is unknown"". There was also a report linking
CD8" lymphocytes to HSC fibrogenic activitym.

A decreased CD8" cell count, mainly CD8"/CD28",
was also described in hereditary hemochromatosis, as
well as the presence of functional abnormalities in these
cells. This may be due to an HFE polymorphism, linked
to and located near the HFE gene, which is related to
the regulation of lymphocyte subsets and CD8" matura-
tion*. Furthermore, the number of peripheral blood
CD8" lymphocytes inversely correlate with iron ovetload
in hemochromatosis, which is mote severe in cases of
low CD8" counts””.
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The present study shows the impact of alcoholism
in our country, as the majority of ALD patients were
young or middle aged (the average age was 53.7 years
old), mostly male, and with a high daily alcohol intake
often since childhood. Also, most of the patients already
displayed significant liver fibrosis.

The control group, chosen among healthy individu-
als admitted for elective cholecystectomy due to non-
complicated gallstones, consisted mostly of women.
This was expected, as gallstones are more common in
women of childbearing age. Additionally, many potential
male controls had to be excluded because they reported
alcohol consumption higher than 40 g/d. This may have
induced a bias when comparing serum iron, ferritin, and
transferrin saturation, which we tried to keep to a mini-
mum by excluding all individuals with hemoglobin and
serum ferritin below normal or with analytical evidence
of inflammation. Nevertheless, we found papers with
control groups consisting mostly of women and gender
differences do not seem to affect the type and number
of circulating lymphocytes in peripheral blood””.

As expected, ALD patients showed characteristic
analytical changes, including macrocytosis, abnormal
clotting, decreased platelets, elevated liver function tests,
immunoglobulins, and serum ferritin. After analyzing the
mean white cell counts, we found significant lymphope-
nia in ALD patients, compared to healthy controls. This
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lymphopenia reflected a reduction of all lymphocyte
subsets, except for NK lymphocytes, which did not show
a statistically significant difference. The CD4"/CD8"
ratio was significantly increased in most cases, which was
a reflection of the relative reduction in the number of
CDS8" cells.

However, after analyzing several subgroups in our
study, it was evident that all ALD patients consistently
presented with lymphopenia compared to healthy con-
trols, but only patients with advanced fibrosis presented
with an increased CD4"/CD8" ratio, even accounting for
active alcohol consumption. In fact, for ALD patients,
the total lymphocyte count inversely correlated with the
stage of liver fibrosis and the CD4"/CD8" ratio directly
associated with liver fibrosis.

Our work adds to the findings of significant lym-
phopenia in alcoholics (concerning B and T cells), with
or without significant liver disease, as previously re-
portedmﬁz%w. We found that an increased CD4"/CD8"
ratio was present only in the case of significant fibrosis,
but this finding was also suggested by some previous
studies which studied patients with advanced liver dis-

ase™ ! Our work does not support other papers that
reported an increase in some lymphocyte subsets”*.
While we found a trend to lower NK cell counts, as pre-
viously reportedw, we could not demonstrate statistical
significance for this phenomenon.

It should be noted that the association between the
CD4"/CD8" ratio and fibrosis stage was the opposite
of what has been reported for viral hepatitis (ze., a low
CD4"/CD8" ratio being associated with an increased fi-
brosis stage)[sol. If this association is found to be specific
for ALD, the CD4"/CD8" ratio may eventually contrib-
ute to a panel of non-invasive markers of staging for
ALD fibrosis. The CD8" lymphocyte count correlated
directly with serum ferritin levels, unlike findings with
hereditary hemochromatosis where lower CD8" counts
were associated with increased iron ovetload. This may
indicate that the lymphopenia etiopathogenic mecha-
nism is different in ALD, when compared to other liver
diseases, such as viral hepatitis or hemochromatosis.

COMMENTS

Background

Alcohol is the third highest cause of disease burden, worldwide, and the second
highest cause in Europe. However, only 30%-35% of chronic alcoholics develop
liver disease (steatohepatitis and/or cirrhosis) and only 10%-15% have docu-
mented cirrhosis. While the role of lymphocytes in alcoholic liver disease (ALD)
pathogenesis has been the subject of different lines of research, the results and
ultimate interpretations are discrepant.

Research frontiers

Apart from alterations in lymphocyte count, alcohol appears to cause functional
changes to lymphocyte subsets.

Innovations and breakthroughs

Th17 lymphocytes, a new CD4" effector subpopulation that has been recently
described, are more populous in ALD and their absolute numbers are associ-
ated with fibrosis stage. Several lymphocyte T integrins (namely CD29, VLA-3,
VLA-4 and VLA-5) are also increased in ALD patients. B lymphocytes were
found to be significantly decreased in ALD patients, while a relative predomi-
nance of B cells characteristic of IgM antibody production was found.
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Applications

Our work adds to the findings of significant lymphopenia in alcoholics, with or
without significant liver disease, ALD patients consistently presented with lym-
phopenia compared to healthy controls, but only patients with advanced fibrosis
presented with an increased CD4°/CD8’ ratio. The total lymphocyte count
inversely correlated with the stage of liver fibrosis and the CD4°/CD8" ratio di-
rectly associated with liver fibrosis. If this association is found to be specific for
ALD, the CD4'/CD8" ratio may eventually contribute to a panel of non-invasive
markers of staging for ALD fibrosis.

Terminology

CD3" is a marker of all T lymphocytes. Those can be subdivided into T helper
cells (CD4"), which help the activity of other immune cells by releasing T cell
cytokines; and cytotoxic T cells (CD8"), which are involved in direct cell killing
after recognizing a specific antigen. B-lymphocytes, involved in antibodies syn-
thesis, express the surface protein CD19.

Peer review

Stimulation of innate immunity is increasingly recognized to play an important
role in the pathogenesis of alcoholic liver disease. Various studies have come
up to speculate immune response in alcoholic liver disease (T Cell and B cell).
Authors in this manuscript evaluated lymphocytic population subsets in alco-
holic liver disease. It is an interesting manuscript.
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