
Abstract 

Unconjugated bilirubin plays an important role in cholesterol gallstone formation. Patients with 
symptomatic gallstone disease who have high bilirubin plasma levels and/or are homozygous for the 
rs6742078 TT variant of the bilirubin glucuronidating gene UGT1A1 should not undergo oral dissolu-
tion therapy with ursodeoxycholic acid.
A large Danish study has shown that high bilirubin plasma levels and the genetic variant rs6742078 TT 
of the enzyme bilirubin glucuronidase UGT1A1 are associated with an increased risk of developing 
symptomatic gallstone disease. Recent reports regarding the significant association between bilirubin 
levels and symptomatic gallstone disease open a new chapter about the indication and exclusion crite-
ria for oral dissolution therapy of symptomatic gallstone disease. 
A highly select subgroup of patients with small, single, radiolucent cholesterol gallstones who received 
oral dissolution therapy with ursodeoxycholic acid (UDCA) had a reported recurrence of sympto-
matic gallstone disease of 50% over five years. This is probably related to the persistence of other causal 
risk factors for gallstones in addition to that of cholesterol suprasaturation. A subgroup of patients 
with high plasma bilirubin levels and the UGT1A1 genetic variant rs6742078 have a greater risk of 
recurrence. In conclusion, oral dissolution therapy with UDCA might still be appropriate for patients 
that refuse laparoscopic cholecystectomy provided they have small (< 0.5 cm), radiolucent cholesterol 
gallstones and a functioning gallbladder, and have mean plasma bilirubin levels below 1.33 mg/dL and 
are not homozygous for the UGT1A1 rs6742078 TT genotype.
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Introduction
Gallstone prevalence among the gen-

eral population varies in different countries. 
Specifically, it is nearly 40% among South 
American women and Native Americans 
[1], 20% among Italian and South Euro-
pean women [2] and 1-3 % among Afri-

can women. This demographic variation is 
probably due to genetic factors and dietary 
differences as a cholesterol and fatty acid-
rich diet predisposes one to the onset of 
gallstones. The prevalence among men is 
usually one half that of women. Gender dif-
ferences are probably linked to hormonal 
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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-

Archives of Clinical
Experimental Surgery



162 Cariati A et al.

factors that act on cholesterol and lipoproteins metab-
olism. The widespread use of ultrasonography has re-
sulted in an increased detection of clinically silent gall-
stones. Several studies found that the annual incidence 
of biliary pain among patients with clinically silent gall-
stones ranges from 0.4% to 5% [3, 4], while Gracie and 
Ransohoff [5] reported an incidence rate of 1-2%.

The general consensus is that asymptomatic gall-
stones should be managed without any treatment and 
that, after the first episode of biliary pain develops, the 
gold standard treatment is laparoscopic cholecystec-
tomy or, if it is feasible, oral dissolution therapy [6]. 
Because laparoscopic cholecystectomy has been the 
standard treatment for symptomatic gallstones, all new 
methods of gallstone treatment must be compared 
against this standard. Oral dissolution therapy with 
UDCA and/or chenodeoxycholic acid (CDCA) [7] 
has been used with good results in select patients. Clas-
sical selection criteria include: cholesterol type of gall-
stone, functioning gallbladder with patent cystic duct 
and gallstone size (best results if size is less than 0.5 cm) 
[8]. Recently, several studies reported that bilirubin is a 
causal risk factor for symptomatic gallstone disease [9, 
10]. Hyperbilirubinbilia is a well-known risk factor for 
black pigment gallstones (which accounts for 10-15% 
of all gallstones), but its role in symptomatic cholester-
ol gallstone disease has not been well established.

The aim of this review is to analyze the recent lit-
erature regarding risk factors for the development of 
symptomatic gallstone disease to revise the classical 
patient selection criteria for the inclusion of oral dis-
solution therapy or laparoscopic cholecystectomy.  

Materials and Methods
A review of published articles documenting indica-

tions for oral dissolution therapy or laparoscopic chol-
ecystectomy was performed using Pubmed and Google 
Scholar using the search term: “indications for oral dis-
solution therapy for gallstone”. 

Results
There is a general consensus to follow an expectant 

management (no therapy) for asymptomatic patients 
also if these are eligible for oral bile acid dissolution 
treatment (pure cholesterol single gallstones less than 
0,5 cm in diameter) due to the costs of therapy [5]. The 
gold standard treatment for symptomatic gallstones 
has been laparoscopic cholecystectomy [6] that can be 
performed using the three of four trocars technique at 
varying times following the onset of symptoms [11]. 
Oral dissolution therapy with UDCA can be adminis-
tered to patients meeting the classical criteria of pure, 
radiolucent cholesterol gallstones in a functioning gall-
bladder, especially if the gallstones are less than 0.5-1.0 
cm in diameter (success rates of dissolution are 90 and 
40%, respectively, after six months of therapy) [8, 12]. 
The wider use of statins reduces the annual rate of chol-
ecystectomies [13, 14].

Recent studies reported a higher incidence of 
symptomatic gallstones among patients with high 
plasma bilirubin levels [9,10]. These studies suggest 
a modification of the classical indication criteria for 
oral dissolution therapy by restricting its use accord-
ing to the presence or absence of genetic variants of 
the enzyme bilirubin glucuronidase UGT1A1 and to 
plasma bilirubin levels as reported in Table 1.

Table 1. Indications for laparoscopic cholecystectomy or oral dissolution therapy with UDCA in symptomatic gallstone disease.

Symptomatic gallstone disease Laparoscopic 
cholecystectomy

Oral dissolution 
therapy (UDCA)

Black or brown pigment gallstones Yes No
Calcified cholesterol gallstone Yes No
Gallstone in non-functioning gallbladder Yes No
Radiolucent cholesterol gallstone with <1.33 mgr/dL plasma bilirubin level Yes Yes, feasible
Radiolucent cholesterol gallstone without gene UGT1A1 (rs6742078) 
homozygosis Yes Yes, feasible

Radiolucent gallstone with bilirubin plasma level >1.33 mgr/dL and/or 
gene UGT1A1 (rs6742078) homozygosis  Yes No
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Discussion
A large Danish study has shown that high plasma 

bilirubin levels are associated with an increased risk 
of developing symptomatic cholesterol and pigment 
gallstone disease [9]. Cholesterol gallstones account 
for 80% of all gallstones and it is the only type of gall-
stone that can be treated by oral dissolution therapy 
with UDCA. Recent reports of a significant association 
between bilirubin and symptomatic gallstone disease 
open a new chapter regarding the indication and exclu-
sion criteria for oral dissolution therapy of symptomat-
ic cholesterol gallstone disease. 

In fact, cholesterol suprasaturation in bile is neces-
sary, but not sufficient, to develop gallstones. Pronucle-
ating and antinucleating substances are present in bile. 
Unconjugated bilirubin, calcium ions and mucus pro-
teins are pronucleating substances. Stender et al. [9] 
demonstrated that the genetic variant rs6742078 TT of 
the enzyme bilirubin glucuronidase UGT1A1 is associ-
ated with increased levels of plasma and bile bilirubin. 
In addition, it is probably associated with an increased 
level of unconjugated bilirubin in bile that, as in Gil-
bert syndrome, is associated with an increased risk of 
gallstone disease [9]. Bilirubin metabolites in bile are: 
bilirubin diglucuronide and monoglucuronide (98%) 
and unconjugated bilirubin (2%). Deconjugation of di- 
and mono-glucuronide bilirubin may be catalyzed by 
mucosal glucuronidase or bacterial glucuronidase (en-
dogenous beta-glucuronidase activity can be detected 
at pH 7.5 or lower, but conjugated bilirubin may also 
undergo non-enzymatic hydrolysis to form unconju-
gated bilirubin [15].   

Unconjugated bilirubin in normal bile exceeds 
its aqueous solubility by 100-1000 fold [15, 16] (the 
solubility of unconjugated bilirubin at pH 8.5 in he-
patic bile is 3 mmol/L, and it is 1 nmol/L at pH 7 [16]. 
When unconjugated bilirubin exceeds its solubility, it 
forms a divalent salt with calcium. Calcium bilirubi-
nate can precipitate either in the main lumen or in the 
Rokitansky-Ashoff sinuses of the gallbladder [17]. As 
assessed by X-ray diffractometry, calcium bilirubinate 
is amorphous, as is calcium palmitate. In contrast, cal-
cium phosphate, calcium carbonate, cholesterol and 
calcium palmitate rosettes are crystalline [14, 17, 18]. 
Heterogeneous nucleation of cholesterol crystals on 

a black pigment calcium bilirubinate nucleus is more 
likely than homogenous nucleation and amorphous 
calcium bilirubinate acts as a cement between the ir-
regular features of cholesterol crystals, thus promoting 
an interaction between crystals [14]. 

The role of unconjugated bilirubin is as important 
as the role of cholesterol in gallstone formation. This 
should be taken into account during studies of symp-
tomatic gallstone disease prevention and treatments 
[14]. Further in vitro studies also could report the 
role of unconjugated bilirubin by adjusting the classi-
cal Admirand and Small triangles as in Figure 1 [19]. 
Moreover, oral dissolution therapy with UDCA among 
a highly select subgroup of patients with small, single, 
pure cholesterol gallstones has a reported recurrence 
of 50% over five years [8]. These results are probably 
related to the persistence of the causal risk factors of 
gallstones that are not only represented by cholesterol 
suprasaturation, but also by unconjugated bilirubin su-
prasaturation and by gallbladder wall factors (gallblad-
der motility and Rokitansky-Aschoff sinuses) [14, 17]. 

A study by Stender et al. [9] indicates that a sub-
group of patients with symptomatic gallstone disease 
is at increased risk of gallstone recurrence after oral dis-
solution therapy with bile acids. In addition, the indi-

Figure 1: Modified Admirand and Small triangle. CHOL is choles-
terol percentage from 0-100%. LECIT is lecithin percentage from 
0-100%. BILIARY SALT is bile salt concentration from 0-100%. 
On the y-axis is mucin concrentration (with a top at 1100 micro-
gr/mL). On the z axis is the percentage of unconjugated bilirubin 
(UCB) with respect to conjugated bilirubin (usually 2-8%). The 
final result is a truncated pyramid volume that contains data of the 
five biliary variables in patients with cholesterol gallstones [19].
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cations for oral litholysis with UDCA among patients 
with symptomatic gallstone disease should be revisited 
in light of these new findings. In fact, oral dissolution 
therapy with UDCA might still be appropriate in pa-
tients that refuse laparoscopic cholecystectomy provid-
ed they have small (<0.5 cm), radiolucent cholesterol 
gallstones, a functioning gallbladder [9], mean plasma 
bilirubin levels <1.33 mg/dL [9] and are not TT ho-
mozygous for the UGT1A1 rs6742078 genotype [9] 
(Table 1). Diagnostic tests to select the subgroup of pa-
tients that would benefit from oral dissolution therapy 
with UDCA include abdominal ultrasound with the 
study of gallbladder contractility, abdominal x-ray (or 
abdominal CT scan), plasma bilirubin level determina-
tion and genetic analysis of bilirubin glucuronidating 
enzyme UGT1A1 rs6742078. In conclusion, patients 
with radiolucent, single small cholesterol gallstones 
should not undergo oral dissolution therapy with 
UDCA if they have high plasma bilirubin levels (>1.33 
mg/dL) or are homozygous for the rs6742078 TT ge-
netic variant in the bilirubin glucuronidating gene. 
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