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Abstract

Smoking causes a variety of adverse effects on organs
that have no direct contact with the smoke itself such
as the liver. It induces three major adverse effects on
the liver: direct or indirect toxic effects, immunological
effects and oncogenic effects. Smoking yields chemical
substances with cytotoxic potential which increase
necroinflammation and fibrosis. In addition, smoking
increases the production of pro-inflammatory cytokines
(IL-1, IL-6 and TNF-a) that would be involved in
liver cell injury. It contributes to the development of
secondary polycythemia and in turn to increased red
cell mass and turnover which might be a contributing
factor to secondary iron overload disease promoting
oxidative stress of hepatocytes. Increased red cell mass
and turnover are associated with increased purine
catabolism which promotes excessive production of
uric acid. Smoking affects both cell-mediated and
humoral immune responses by blocking lymphocyte
proliferation and inducing apoptosis of lymphocytes.
Smoking also increases serum and hepatic iron which
induce oxidative stress and lipid peroxidation that lead
to activation of stellate cells and development of fibrosis.
Smoking yields chemicals with oncogenic potential that
increase the risk of hepatocellular carcinoma (HCC)
in patients with viral hepatitis and are independent
of viral infection as well. Tobacco smoking has been
associated with supression of p53 (tumour suppressor
gene). In addition, smoking causes suppression of T-cell
responses and is associated with decreased surveillance
for tumour cells. Moreover, it has been reported that
heavy smoking affects the sustained virological response
to interferon (IFN) therapy in hepatitis C patients which
can be improved by repeated phlebotomy. Smoker’s
syndrome is a clinico-pathological condition where
patients complain of episodes of facial flushing, warmth
of the palms and soles of feet, throbbing headache,
fullness in the head, dizziness, lethargy, prickling
sensation, pruritus and arthralgia.
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INTRODUCTION

Lighting a cigarette creates over 4000 harmful chemicals
with hazardous adverse effects on almost every organ
in the body. The impact of heavy smoking on the
pathogenesis of liver disease and response to interferon
therapy among chronic hepatitis patients has been
overlooked. Before we begin this article; it is necessary
to define who is a heavy smoker and to shed light on the
common toxic constituents of cigarette smoking.

WHO IS A HEAVY SMOKER?

Heavy smokers are variably defined, some studies suggest
exposute to two or more packets (= 40 cigarettes) a day
for 10 years or more. On the other hand, Marrero ef al”
have defined heavy smokers as those exposed to greater
than 20 pack-years.

COMMON CONSTITUENTS OF CIGARETTE
SMOKE

The constituents of smoke are contained in either the
particulate phase or gas phase.

Particulate phase

Particulate phase components include tar, polynuclear
hydrocarbons, phynol, cresol, catechol and trace
elements (carcinogens), nicotine (ganglion stimulator and
depressor), indole, carbazole (tumor accelerators)”, and
4-aminobiphenyl",

Gas phase

Gas phase contains carbon monoxide (impairs oxygen
transport and utilization), hydrocyanic acid, acetaldehyde,
acrolein, ammonia, formaldehyde and oxides of nitrogen
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(cilitoxin and irritant) nitrosamines, hydrazine and vinyl
chloride (carcinogens)".

ADVERSE EFFECTS OF SMOKING ON THE
BODY

Smokers are at greater risk for cardiovascular diseases
(ischaemic heart disease, hypertension), respiratory
disorders (bronchitis, emphysema, chronic obstructive
lung disease, asthma), cancer (lung, pancteas, breast, liver,
bladder, oral, larynx, oesophagus, stomach and kidney),
peptic ulcers and gastroesophageal reflux disease (GERD),
male impotence and infertility, blindness, hearing loss,
bone matrix loss, and hepatotoxicity™.

ADVERSE EFFECTS OF SMOKING ON THE
LIVER

Beside the hazardous effects mentioned before; smoking
causes a variety of adverse effects on organs that have no
direct contact with the smoke itself such as liver. The liver
is an important organ that has many tasks. Among other
things, the liver is responsible for processing drugs, alcohol
and other toxins to remove them from the body. Heavy
smoking yields toxins which induce necroinflammation
and increase the severity of hepatic lesions (fibrosis and
activity scores) when associated with hepatitis C virus
(HCV)" or hepatitis B virus (HBV) infection'. Cigarette
smoking increases the risk of developing HCC among
chronic liver disease (CLD) patients” independently of
liver status. Association of smoking with hepatocellular
carcinoma (HCC) irrespective of HBV status has been
reported" ™",

How does smoking affect the liver?

Smoking induces three major adverse effects on the liver:
toxic effects either direct or indirect, immunological effects
and oncogenic effects.

Toxic effects of smoking on the liver

Direct toxic effect: Smoking yields chemical substances
with cytotoxic potentialsm]. These chemicals created by
smoking induce oxidative stress associated with lipid
peroxidation[13’14] which leads to activation of stellate
cells and development of fibrosis. In addition, smoking
increases the production of pro-inflammatory cytokines
(IL-1, IL-6 and TNF-q) involved in liver cell injury“sl. It
has been reported that smoking increases fibrosis score
and hist[ological activity index in chronic hepatitis C (CHC)

7

patients Iand contributes to progression of HBV-related

. .8
cirrhosis™.

Indirect toxic effects (concomitant polycythemia)

Heavy smoking is associated with increased
carboxyhaemoglobin and decreased oxygen carrying
capacity of red blood cells (RBCs) leading to tissue
hypoxia. Hypoxia stimulates erythropoetien production
which induces hyperplasia of the bone marrow. The latter
contributes to the development of secondary polycythemia
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Figure 1 Development of smoker’s polythycemia and its adverse effects.

and in turn to increased red cell mass and turnover. This
increases catabolic iron derived from both senescent red
blood cells and iron derived from increased destruction of
red cells associated with polycythemia!"*'”. Furthermore,
erythropoietin stimulates absorption of iron from the
intestine. Both excess catabolic iron and increased
iron absorption ultimately lead to its accumulation in
macrophages and subsequently in hepatocytes over time,
promoting oxidative stress of hepatocytes' . Accordingly,
smoking might be a contributing factor to secondary
iron overload disease in addition to other factors such
as transfusional haemosidrosis, alcoholic cirrhosis,
thalassemia, sideroplastic anemia and porphyria cutanea
tarda.

In the meantime, increased red cell mass and turnover

are associated with increased purine catabolism which
promotes excessive production of uric acid. Eventually
uric acid is deposited in tissues and joints as manifested
clinically by prickling sensation, pruritus and arthralgia[w]
(Figure 1).
Smoker’s syndrome: Smoker’s syndrome is a clinico-
pathological condition reported in patients smoking =
40 cigarettes or 10 stones of popular shisha (water-pipe)
in Egypt per day, over a long time. These patients suffer
from episodes of facial flushing, warmth of the palms and
soles, throbbing headache, fullness in the head, dizziness,
lethargy, prickling sensation, pruritus and arthralgia[zm.
However, the majority of patients who smoke less than the
described level are subject to biochemical changes rather
than clinical manifestations.

Facial flushing, the most prominent symptom, is
explained by capillary vasodilatation associated with
increased blood flow through the skin. The vasodilatation
may be attributed to the direct action of vasodilator
constituents of the smoke as well as to excess haemoglobin
saturation'” reported among heavy smokers™”.

On examination of these smokers, the face appears
dusky-red and/or pigmented, the pulse is full. The smokers
suffer from hypertension, joint stiffness and swelling,.
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Some of them have experienced cerebrovascular and
cardiovascular strokes. Laboratory studies have revealed
an increased Hb level (> 160 g/L) and haematocrit (> 55
mL/100 mL) in almost all the patients and raised ALT (>
2 fold), uric acid (> 6 mg/dL), serum iron (> 165 pg/dL)
and ferritin in most of the patients. Histopathological
examination reveals hepatic necro-inflammation, apoptotic
nectrosis, fibrosis, and deposition of iron in hepatocytes as
demonstrated by Perl’s stain.

IMMUNOLOGICAL EFFECTS OF SMOKING

Smoking affects both cell-mediated and humoral immune
responses’ . Nicotine blocks lymphocyte proliferation and
differentiation including suppression of antibody-forming
cells">*! by inhibiting antigen-mediated signaling in
T-cells™** and riboneucleotide reductase™. Furthermore,
smoking induces apoptosis of lymphocytes”” by enhancing
expression of Fas (CD95) death receptor which allows
them to be killed by other cells expressing a surface protein
called Fas ligand (FasL). Smoking induces elevation of
CD8+ T-cytotoxic lymphocytes'”, decreased CD4+ cells,
impaired NK cell activity”” and increases the production
of pro-inflammatory cytokines (IL-1, IL.-6, TNF-¢)""”.

Although smoking has long-term adverse effects;
cessation of smoking reversed these effects, such as
elevation of NK activity which is detectable within
one month of smoking cessation™, elevation of both
antibody- and cell-mediated immune responses as well
as decreased proinflammatory cytokines and increased
antioxidant activity.

ONCOGENIC EFFECTS OF SMOKING

Smoking yields chemicals with oncogenic potentials such
as hydrocarbons, nitrosamine, tar and vinyl chloride'™.
Cigarette smoking is a major source of 4-aminobiphenyl,
a hepatic carcinogen which has been implicated as a causal
risk factor for HCC™. Smoking increases the risk of HCC
in patients with viral hepatitis”""". Furthermore, recent
data from China and Taiwan have shown an association of
smoking with liver cancer independent of HBV status'"'".
Tobacco smoking is associated with reduction of p53,
a tumour suppressor gene' > which is considered “the
genome guardian”. Suppression of T-cell responses by
nicotine and tar is associated with decreased surveillance
for tumour cells™. El-Zayadi ¢z a/*" reported that heavy
smokers accumulate excess iron in hepatocytes which
induces fibrosis and favours development of HCC.
Smoking is considered a co-factor with HBV and HCV for
hepatocarcinogenesis” . In addition, suppressed mood, a
common feature among heavy smokers, increases the risk
for development of cancer™.

SMOKING AND LIVER CELL INJURY
AMONG CHRONIC HEPATITIS C PATIENTS

El-Zayadi ez a/”” have reported an association between
heavy smoking and liver cell injury in the form of
necroinflammation, apoptosis and excess iron deposition
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Figure 2 Possible mechanisms of resistance to IFN-o. therapy for viral hepatitis
among heavy smokers.

in the liver. These effects are attributed to iron overload
with consequent iron deposition in hepatocytes[zo‘m.
Excess hepatic iron induces oxidative stress and lipid
peroxidationm‘m. However, iron overload will not correct
itself and the only exit of iron from the body is by
bleeding or frequent chelation™, Therapeutic phlebotomy
allows excess iron to be removed from the body and
chelation of labile iron from the liver.

SMOKING AND THE RESPONSE TO IFN
THERAPY AMONG CHRONIC HEPATITIS C
PATIENTS

El-Zayadi ez al*® reported that smokers suffering from
chronic hepatitis C tend to have a lower response rate to
IFN therapy. Therapeutic phlebotomy among chronic
hepatitis C patients improves the response rate to IFN
therapy”™. Furthermore, the authors recommended that
chronic hepatitis C patients should be advised to avert
smoking before embarking on IFN therapy™.

Several mechanisms have been implemented in
resistance to IFN therapy in heavy smokers which are
summarized in Figure 2. First, heavy smoking causes
immunosuppression[zz] such as reduction in CD4+ cells,
impaired NK cytotoxic activity”™ and recognition of virus-
infected cells, and induces apoptosis of lymphocytesm
Second, heavy smoking increases hepatic iron overload
which is involved in resistance to IFN". Third, smoking
induces pro-inflammatory cytokines (IL-1, IL-6, TNF-o)"
that mediate necroinflammation and steatosis. Fourth,
smoking directly modifies IFN-q-activated cell signaling
and action"”

The present article sends a message indicating that
smoking is an underestimated risk factor for liver disease.
In this respect, further well-designed studies are needed to
clarify this issue.
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