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ABSTRACT

Gallstone disease and cholesterolosis may be
independent diseases or forms of the same disease,
caused by impairment of cholesterol metabolism.
Gallstone disease is characterized by formation of
cholesterol concrements in the gallbladder cavity.
Cholesterolosisisahyperplastic cholecistosis, caused
by cholesterol accumulation in the gallbladder wall
with subsequent proliferation of gallbladder normal
tissue elements. We describe monozygotic twin
sisters, one of whom developed gallstone disease and
the other developed cholesterolosis. Monozygosity
was verified by a DNA fingerprinting method. Both
had identical heterogeneity of plasma low density
lipoprotein (LDL) subfractions, but associated
with different functional conditions within the
gallbladder. The different manifestations may be
due to epigenetic, metabolic or environmental
factors, since both had a common genetic basis.
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INTRODUCTION

Gallstone disease and cholesterolosis have ma-
ny common etiologic factors. Gallstone disease is
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characterized by formation of cholesterol concre-
ments in the gallbladder cavity. Cholesterolosis
is a hyperplastic cholecistosis, caused by choles-
terol accumulation in the gallbladder wall with
subsequent proliferation of gallbladder normal
tissue elements [1]. Variations in metabolism of
lipids that lead to increases in serum total and low
density lipoprotein (LDL) cholesterol, often to
bile supersaturation with cholesterol, and possibly
gallbladder hypomotility, have been implicated
in gallstone and polyp formation [2,3]. The two
disorders may be considered as a single disease,
caused by impairment of cholesterol metabolism, but
exhibiting different forms [4]. Both are clearly multi
factorial disorders depending on both genetic and
non genetic factors. Family and population studies
have revealed a genetic predisposition in about
10-40% of patients with these diseases [5-7]. We
describe a pair of monozygotic twins, one of whom
developed gallstone disease and the other developed
cholesterolosis. This illustrates the common genetic
basis of both conditions. Differences between them
may be explained by epigenetic, metabolic, or
environmental factors.

MATERIALS AND METHODS

Two 40-year-old twin sisters (designated F. and P.,
respectively) were admitted to the Propedeutic Clinic
of Internal Disease of the Moscow Sechenov Medical
Academy, Moscow, Russia. Ultrasonograthy was done
using convectional sensor PVF-375 MT 3,75 MHZ
(Toshiba SSH-140A apparatus; Toshiba, Tochigi-Ken,
Japan). The concentration of serum triglyceride and very
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low density lipoprotein (VLDL), LDL, high density
lipoprotein (HDL) cholesterol were measured according
to Folch ef al. [8]. The subfraction spectrum of LDL
was analyzed according to Krauss and Berke [9]. DNA
was isolated by the standard method using proteinase
K (Promega, Madison,WI, USA) and extraction with
phenol-chloroform [10]. DNA fingerprinting with
various microsatellite and minisatellite probes was
carried out according to Limborska ef al. [11]. DNA
(10 pg) was digested with Hinfl (Fermentas, Vilnius,
Lithuania) and electrophoresed through 0.8% agarose
gels. DNA was denatured, transferred to Hybond-N
nylon membrane filters (Amersham Biosciences, Little
Chalfont, Buckinghamshire, UK), and probed with 3?P-
labeled oligonucleotides (CAC), and (GATA),. Blot
hybridization was conducted in a mix of 6 x sodium
chloride/sodium citrate (SSC), 0.1% sodium dodecyl
sulfate (SDS) and 10 x Denhardt’s solution [0.5%
polyvinylpyrrolidone; 0.5% Ficoll 400; 0.5% bovine
serum albumin (BSA); Sigma, St Louis, MO, USA].
Filters were washed three times with 6 x SSC for 30
min. at room temperature, dried and autoradiographed
at—70°C for 1-3 days with an EUI-1 intensifying screen
(Renex, Moscow, Russia).

RESULTS

Patient F. complained of a dull abdominal pain,
localized in the right upper quadrant, meteorism, nausea
and bitter taste after eating. That was the patient’s first
episode of biliary colic. Laboratory biochemical study
was normal; serum cholesterol level was 190 mg/dL
[normal level (N): 150-190 mg/dL] and triglycerides
were 984 mg/dL. (N: 50-150 mg/dL), VLDL 19.7
mg/dL. (N: 15-25 mg/dL), LDL 111.3 mg/dL (N:
110-131 mg/dL), HDL 59 mg/dL (N: 27-89 mg/dL);
lipoprotein (a) [Lp(a)] 2 mg/dL (N: <7.5 mg/ dL). The
subfraction spectrum of LDL showed a predominance
of minor dense particles of LDL [retardation factor (Rf)
value 0.152; N: <0.144]. Ultrasonography showed an
enlarged gallbladder with two echopositive structures,
7.0 x 5.5 and 8.0 x 4.5 mm, with acoustic shadows that
were displaced on movement; the biliary content was
not homogeneous (Fig. 1). Ultrasonography-based
cholecystography revealed reduction in gallbladder
motility, with a coefficient reduction of 38% (N: 65-
75%). Sphincter of Oddi spasms lasted about 20 min.
The clinical diagnosis was gallstone disease, gallbladder
hypotonia, sphincter of Oddi hypertonia.
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Figure 1. Ultrasonography of the gallbladder of patient
F. The concretions measured 7.0 x 5.5 mm (a) and 8.0 x
4.5 mm (b).

Patient P. was admitted for polyposis in the
gallbladder diagnosed by ultrasonography. She had no
complaints and no episodes of biliary colic. However,
the patient had experienced dyspepsia upon eating fatty
foods. There was mild tenderness in the right upper
quadrant on palpation. There was no hyperlipidemia
and liver function tests (aspartate aminotransferase or
alanine aminotransferase, alkaline phosphatase, and
bilirubin levels) were normal. The total cholesterol
level was 208 mg/dL; triglycerides 43 mg/dL; VLDL
10 mg/dL; LDL 159 mg/dL; HDL 46 mg/dL; and
Lp(a) 2 mg/dL. The subfraction spectrum of LDL
was characterized by predominance of minor dense
particles (Rf value 0.157). Ultrasonography showed
a hypertrophied gallbladder wall, 3.0-5.0 mm thick,
with several echopositive structures lacking acoustic
shadows (polyps) and measuring 6.0 and 4.0 mm on
the front wall and 4.3 and 3.8 mm on the other wall,
without displacement on movement, the bile was
not homogeneous (Fig. 2). Ultrasonography-based
cholecystography revealed normal motility function
of the gallbladder, with a coefficient reduction of 67%;
sphincter of Oddi spasms lasted about 5 min. The
clinical diagnosis was cholesterolosis of gallbladder.
Family history revealed that the patients’ father
had experienced gallstone disease and surgery for
cholesterol cholelithiasis.

For precise determination of twin zygosity, the
DNA fingerprinting with various microsatellite and
minisatellite probes was used [11]. Figure 3 shows
typical results of DNA fingerprinting in dizygotic twins
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Figure 2. Ultrasonography of the gallbladder of patient
P. The echopositive structures measured 6.0 mm (a) and
4.0 mm (b).

(lanes 1 and 2) taken as controls and patients F. and P.
(lanes 3 and 4). Two microsatellite core probes, (CAC),
and (GATA),, used for the analysis, produced different
patterns in dizygotic twins and identical fingerprint
patterns in patients F. and P. Similar results were also
obtained when microsatellite oligonucleotide probes
(GACA),, (TCC),, and minisatellite core probes M13
and Jeffreys 33.15 were used for such analyses (not
shown). The identity of fingerprints obtained for F. and
P. proves that these two patients were monozygotic
twins.
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Figure 3. Zygosity determination using DNA fingerprint-
ing. Lanes 1 and 2: dizygotic twin controls; lane 3:
patient F; lane 4: patient P. HindllIl fragments of A phage
DNA were used as molecular weight markers. A: (CAC),
probe; B: (GATA), probe.
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DISCUSSION

Impaired cholesterol metabolism appears to be the
primary factor [2] in the formation of cholesterol gall-
stones and polyps in the gallbladder [ 12]. A prerequisite
for their development is accumulation of cholesterol in
the bile, causing cholesterol supersaturation. This often,
but not always, reduces gallbladder motility because
of excessive accumulation of cholesterol esters within
epithelial macrophages of the gallbladder wall and
formation of foam cells (cholesterolosis). Gallbladder
dysfunctionis caused by cholesterol action on sarcoleme
membrane of the gallbladder smooth muscles [13].
However, some patients with cholesterolosis have
a normal functioning gallbladder, as in the case of
patient P. Cholesterol in bile is accumulated as micelles
and vesicles under normal physiologic conditions.
Supersaturated mono lamellar vesicles coalesce
into multi lamellar vesicles and liposomes (liquid
crystals), which transform into solid mono crystals of
cholesterol [14]. Gallbladder hypomotility reduces the
enterohepatic circulation and increases the aggregation
of bile components. The monozygotic twin patients
described here indicate a common genetic basis for
their gallstone disease and cholesterolosis.

Many studies indicate that gallstone susceptibility
has genetic components [5-7,15]. The genetic
polymorphisms in various genes for apo E, apo B, apo
Al, LDL receptor, cholesterol ester transfer and LDL
receptor-associated protein, have been implicated in
gallstone and polyp formation.

Kesaniemi et al. [16] have studied the relative
contribution of genetic factors to biliary and serum
lipid composition in 17 monozygotic and 18 dizygotic
middle-aged pairs of twins. Their data suggest that molar
percentage of biliary cholesterol, bile acid composition,
cholesterol synthesis, bile cholesterol saturation and
gallstone formation may be under significant genetic
control.

Determination of zygosity may be done by
comparison of physical characteristics, blood group or
tissue typing, chromosome studies, or examination of
various other polymorphic protein markers. However,
all these markers may not be uniformly informative.
Here, we used a multi locus DNA fingerprinting method
for determining the twin zygosity of our patients. This
method uses microsatellite or minisatellite core probes
[11], requires only a small amount of DNA, and detects
the restriction fragment length polymorphisms (RFLP)
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which are a result of allelic differences in the loci that
contain the core sequences. The DNA fingerprinting
analysis revealed that patients F. and P. were indeed
monozygotic twins. Both had a predominance of
minor dense particles of LDL, but different forms of
cholesterol accumulation (gallstone disease in one and
cholesterolosis in the other). Patient F. showed marked
hypotonya of gallbladder and hypertonya of sphincter of
Oddi. But in patient P., we observe the normal function
of the gallbladder and sphincter Oddi. We conclude that
heterogeneity of the LDL fraction in patient F. resulted
in aggregation of supersaturated bile with formation
of gallstones, and that the normal gallbladder function
in patient P. led to passive and active cholesterol
absorption.

At present, it is unclear why in some patients
cholesterol accumulation occurs in the gallbladder
wall (cholesterolosis), and in others it occurs in the
gallbladder cavity (gallstone disease). We conclude
that gallstone disease and cholesterolosis showing
identical changes in the plasma LDL subfraction may
be caused by different functional conditions within the
gallbladder, which may be due to epigenetic, metabolic
or environmental factors, since both diseases have a
common genetic basis.
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