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Introduction
Gall stone disease is a common disorder around the world. 

Choleliths are bile precipitates resulting from abnormalities in 
the metabolism of cholesterol, bilirubin and bile acids. [1]. The 
prevalence of cholelithiasis in India ranges from 2-29%, being 
higher in North Indians and females [1-3]. Gall Stones are classified 
according to their chemical composition into Cholesterol stones,  

 
Mixed stones and Pigment stones [4]. In western populations, stones 
that are rich in cholesterol are the predominant type (80%) but 
lower frequencies of cholesterol stones and higher frequencies of 
pigment stones are seen in many parts of Asia [5]. The pathogenesis 
of cholesterol stones primarily involves supersaturation of bile with 
cholesterol accentuated by accelerated nucleation and impaired 
gallbladder emptying being other factors. Relative concentration 

ARTICLE INFO ABSTRACT

Received:  February 03, 2022

Published:  February 10, 2022

Citation: Chinmay Bagla, Vivek Agraw-
al, B D Banerjee. Evaluation of Biliary 
Cholesterol, Biliary Ferritin and Expres-
sion of Apo B-100 Gene in Patients of 
Cholelithiasis. Biomed J Sci & Tech Res 
41(5)-2022. BJSTR. MS.ID.006659.

Background: Cholelithiasis is associated with increased cholesterol and iron 
deficiency anaemia. Evaluation of levels of biliary cholesterol and ferritin and 
expression of Apo B-100 gene in Cholelithiasis was done.

Methods: 40 patients of cholelithiasis were included for measurement of serum 
and biliary cholesterol and ferritin by ELISA. Expression of Apo B-100 gene was 
also evaluated in their blood along with 40 healthy volunteers as controls for gene 
expression.

Results: 82.5% patients had hypercholesterolemia (Mean = 302.46mg/dL) and 
80% had low HDL (Mean = 40.70mg/dL). Mean biliary cholesterol was 121.29mg/dL. 
Weak negative correlation seen between serum and biliary cholesterol(p=0.592) and 
moderate positive correlation between HDL and biliary cholesterol(p=0.001). 29/40 
patients were anaemic with 25/40 having normal serum ferritin (Mean = 12.85ng/
mL). Mean biliary ferritin was 13.65ng/mL. Weak negative correlation seen between 
serum and biliary ferritin(p=0.992) and moderate positive correlation between biliary 
cholesterol and ferritin (p<0.001). 1.001 fold change upregulation in Apo B-100 gene 
was observed in patients compared to the controls. 

Conclusion: HDL may be a better indicator than serum cholesterol for 
cholelithiasis. Ferritin plays an important role in the pathogenesis of cholelithiasis. 
Relationship between iron metabolism, lipid metabolism and cholelithiasis exists even 
at the genetic level.
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of cholesterol, bile salts and phospholipids in GB bile determines 
precipitation [5]. Anaemia due to iron deficiency is associated with 
gall stone disease. Serum ferritin, a marker of iron stores, exhibits 
low levels in iron deficient patients. In a study done on patients 
with cholelithiasis by Aggarwal et al, in 2019, it was seen that serum 
ferritin levels were lower in cases of cholelithiasis as compared to 
those in the normal population [6]. Ferritin is also released in bile 
in hemochromatosis. 

In this study biliary iron concentration (per millimole of bile 
acid), was increased about twofold (p < 0.05) and biliary ferritin 
concentration about fivefold (p < 0.001) [7]. The levels of biliary 
ferritin in gallstone disease have not been studied so far. Genetic 
variation in cholesterol metabolism can be brought about by 
different isoforms of lipid transport and receptor molecules in 
the general population. Apo E and apo B-100 are prominent 
transporters that exist in polymorphic states in humans whose 
certain isoforms help in better uptake and delivery of cholesterol 
[8]. Apo B-100 serves as a ligand for receptor-mediated endocytosis 
of LDL. The gene is located on chromosome 2. High frequency of X+ 
allele in apo B-100 genes has been reported in gallstone patients 
from China [9]. Heterozygosity (X+/X-) of apo B-100 may be 
associated with gallstone disease and gallbladder cancer in India 
[10,11]. In a study in transgenic rabbits, it was found that Apo 
B-100 expression is associated with higher serum cholesterol and 
triglyceride levels [12]. In another study, rats fed on iron rich diet 
had a higher expression of Apo B-100 gene and had higher serum 
cholesterol and triglyceride levels [13]. Hence this study was 
undertaken to determine the levels of biliary ferritin and biliary 
cholesterol in patients of cholelithiasis and to see the association of 
expression of Apo-B gene in them.

Methodology
This observational cross-sectional study was conducted in the 

Department of Surgery and the Department of Biochemistry at 
UCMS & GTB Hospital, Delhi from November 2018 to March 2020 
with a sample size of 40 cases and equal number of controls for gene 
purposes. The research committee of the institute approved the 
study protocol. All consenting patients, except those with coexisting 
systemic and inflammatory illness and immunocompromise, 
diagnosed with symptomatic cholelithiasis willing to undergo 
laparoscopic/open cholecystectomy were included. For Apo B-100 
expression, an equal number of healthy volunteers were included 
after ultrasound to exclude cholelithiasis in them. All patients of 
cholelithiasis and controls underwent history taking, radiological 
and biochemical investigations. A fasting blood sample of patients 
was taken for hematological evaluation, lipid profile, serum 
ferritin, and Apo B-100 gene expression. In the controls, only Apo 

B-100 gene expression was measured. Bile was obtained from the 
gall bladder of patients immediately after cholecystectomy for 
evaluation of biliary cholesterol and ferritin levels. Cholesterol and 
ferritin levels in both serum and bile were measured by ELISA. The 
reference range for serum ferritin was taken to be 29-248 ng/ml for 
males and 10-150 ng/ml for females [14]. 

Serum cholesterol levels less than 200 mg/dl were considered 
desirable, 200-239 mg/dl as borderline high and >240 mg/dl as 
high. Gene Expression comprised of 3 steps: 

a) Extraction of RNA,

b) Synthesis of complementary DNA (cDNA) and

c) Quantification of Apo B-100 gene expression by 
quantitative Real Time PCR. 

Statistical analysis was done using SPSS version 20.0. p-values 
were calculated using student t-test for normally distributed 
data. For non-normal distribution, non-parametric tests were 
used. Correlation was calculated by using Pearson test. Pearson’s 
coefficient (rho) values between 0 and 0.3 (0 and -0.3) indicate a 
weak positive (negative) linear relationship via a shaky linear rule. 
Values between 0.3 and 0.7 (-0.3 and -0.7) indicate a moderate 
positive (negative) linear relationship.

Results
Patient Profile

The mean age of the 40 patients included in the study was 
34.65 with most patients belonging to the age group of 21-30 years 
(16/40). The mean age of controls was 34.20 ± 10.38 years and did 
not vary significantly. (p = 0.897). Females formed the majority of 
participants in both the groups, 37(92.5%) in cases and 33(82.5%) 
in controls. The mean BMI (Kg/m2) was 22.28 ± 2.81. with the 
majority (65%) falling in the normal range. The duration of illness 
ranged from 3 months to 60 months with a mean of 17.2 months.

Haemoglobin

The mean haemoglobin level of the patients was 11.46 g/dl. 
On the basis of WHO classification, patients were divided into non 
anaemic, mildly anaemic and moderately anaemic. Most (72.5%) 
patients were anaemic (Table 1). The mean age of patients with 
moderate anaemia was significantly higher than those with no or 
mild anaemia (p=0.045) (Table 1).

Lipid Profile

Out of the 40 patients, 33 (82.5%) had raised serum cholesterol 
levels. The mean of T. Cholesterol (mg/dL) was 302.46. The mean 
HDL level of the patients was 40.70 mg/dl. Based on the American 
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Heart Association criteria, 32 patients had low HDL levels (i.e. 
<40 for males and <50 for females) [15]. The mean triglyceride 
level of the patients was 122.53 mg/dl with 11/40 having raised 
triglyceride levels (>150 mg/dl) [16]. There was a significant 
moderate negative correlation between Triglycerides (mg/dL) and 
HDL (mg/dL) (rho = -0.4, p = 0.010).

T. Cholesterol and Anaemia 

The mean total cholesterol levels in the patients grouped on 
basis of hemoglobin levels did not vary significantly (p=0.222), 
though patients without anaemia had a higher mean serum 
cholesterol level than those with anaemia (Table 1).

Table 1: Associations of severity of anaemia.

Severity of anaemia

No anaemia Mild anaemia Moderate anaemia

Number of participants (%) 11(27.5%) 14(35.0%) 15(37.5%)

Mean age ± SD (years) 33.09 ± 9.77 29.50 ± 7.44 40.60 ± 13.73

Mean T. cholesterol ± SD (mg/dL) 347.18 ± 90.02 283.16 ± 107.91 287.67 ± 109.41

Biliary Cholesterol

The Biliary cholesterol (mg/dL) levels ranged from 17.01 to 
311.68 with a mean of 121.29 mg/dL.

1. There was a significant moderate positive correlation between 
HDL (mg/dL) and biliary cholesterol (mg/dL) (rho = 0.38, p = 
0.017). For every 1 unit increase in HDL (mg/dL), the biliary 
cholesterol (mg/dL) was seen to increase by 3.18 units.

2. There was a significant moderate positive correlation between 
duration of illness (months) and Biliary cholesterol (mg/dL)
(rho = 0.49, p = 0.001).For every 1 unit increase in duration of 
illness (months), the biliary cholesterol (mg/dL) was seen to 
increase by 2.22 units.

Serum Ferritin

The mean serum ferritin (ng/mL) of the patients was 12.85. Out 
of the 40 patients enrolled, 25 (62.5%) patients had serum ferritin 
within normal range and 15(37.5%) patients had low serum 
ferritin levels [14].

1. Serum ferritin and anemia 

There was a weak positive correlation between hemoglobin 
(g/dL) and serum ferritin (ng/mL), and this correlation was not 
statistically significant (rho = 0.07, p = 0.673). There was a visible 
decrease in numerical value of serum ferritin as severity of anaemia 
increased but this was not statistically significant (p = 0.967) 
(Figure 1).

2. There was a significant strong positive correlation between T. 
Cholesterol (mg/dL) and serum ferritin (ng/mL) (rho = 0.67, p 
= <0.001). For every 1 unit increase in T. Cholesterol (mg/dL), 
the serum ferritin (ng/mL) increases by 0.04 units. 

3. There was a weak negative correlation between biliary 
cholesterol (mg/dL) and serum ferritin (ng/mL), and this 
correlation was not statistically significant (rho = -0.19, 
p = 0.231). Though insignificant (p=0.783), higher biliary 
cholesterol level was noted with low serum ferritin level 
(mean biliary cholesterol = 123.16 mg/dL) in comparison to 
patients with normal serum ferritin (120.16 mg.dL). 

Biliary Ferritin

The mean biliary ferritin (ng/mL) of the 40 patients was 5.99 
with a minimum value of 1.41 ng/mL and a maximum value of 
13.65 ng/mL. 

1. There was a weak negative correlation between haemoglobin 
(g/dL) and biliary ferritin (ng/mL), and this correlation was 
not statistically significant (rho = -0.19, p = 0.249).

Biliary ferritin levels were higher in patients with moderate 
anaemia as compared to mildly and non-anaemic patients but this 
trend was not statistically significant (p=0.456). While the mean 
values of serum ferritin were seen to decrease with increasing 
severity of anaemia, the mean values of biliary ferritin were seen 
to increase (Figure 1).

2. There was a weak negative correlation between serum 
ferritin (ng/mL) and biliary ferritin (ng/mL), and this was 
not statistically significant (rho = 0, p = 0.992). Mean serum 
ferritin (12.85 ng/mL) was found to be twice the mean biliary 
ferritin (5.99 mg/dL).

3. There was a moderate positive correlation between biliary 
cholesterol (mg/dL) and biliary ferritin (ng/mL), and this 
correlation was statistically significant (rho = 0.52, p = <0.001). 
For every 1 unit increase in biliary cholesterol (mg/dL), the 
biliary ferritin (ng/mL) increases by 0.03 units. 
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Figure 1: Levels and trends of serum and biliary ferritin in each anaemia group.

Apo B-100 Gene

1. On taking all 40 patients as cases and all 40 healthy volunteers 
as a control group, a 1.001 fold change upregulation of Apo 
B-100 gene was observed. This difference was not significant 
(p=0.740) (Figure 2a).

2. On taking the mean delta ct value of controls and evaluating 
the expression of Apo B-100 gene in each patient against it, 
the result showed that the gene was upregulated in 20 patients 

and downregulated in 20 patients exhibiting equal distribution 
on the individual level (Figure 2b).

3. The mean T. Cholesterol (mg/dL) in patients with upregulation 
of Apo B-100 gene was 328.04 while that in patients with 
downregulation was 276.88 (Table 2). 18/20 (90%) patients 
with upregulation of Apo B-100 gene had high cholesterol 
levels and 12/20 (60%) with downregulation had high 
cholesterol levels.

Figure 2:
a. Fold change (Apo B-100 gene expression).
b. Individual fold change (Apo B-100 gene expression) of all patients.
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Table 2: Mean value of parameters with gene expression.

Mean value Upregulation Downregulation p-value

T. cholesterol (mg/dL) 328.04 276.88 0.127

HDL (mg/dL) 41.55 39.85 0.584

Triglyceride (mg/dL) 130.35 50.31 0.326

Biliary cholesterol (mg/dL) 118.97 123.60 0.843

Serum ferritin (ng/mL) 14.12 11.58 0.176

Biliary ferritin (ng/mL) 6.62 5.36 0.250

Discussion
Cholelithiasis is a multifactorial disease having a complex 

interplay of metabolic, genetic and environmental factors that 
affect the disease process. In this study, the mean age of the 40 
patients included was 34.65 years, with most patients in their 
3rd and 4th decades of life. This age distribution was similar to 
the study conducted by Prakash, et al. [3] and Kanth, et al. [2]. 
Most other studies which aimed at studying the epidemiology of 
cholelithiasis found the disease to be more common in a relatively 
higher age group [1,17,18]. We also found the mean age to be 
significantly higher in the moderately anaemic group suggesting 
that anaemia increases with increasing age. Since anaemia and 
increasing age have both been described as independent risk 
factors for cholelithiasis [1,6], an additive effect of both seems to be 
at work in causation of the disease. A majority of the patients in this 
study were females (37/40, 92.5%). It is a well-established fact in 
literature that cholelithiasis occurs more commonly in the female 
population. Most of the patients in our study (26/40, 65%) had a 
BMI in the normal range suggesting that cholelithiasis is not just a 
disease of the obese; also seen by Kharga, et al. [19].

Lipid Profile

As found by Miquel, et al. [20] and Loria, et al. [21], in 
this study also, a majority (75%) of patients had raised total 
cholesterol and 7.5% patients had borderline raised cholesterol. 
Additionally, majority (32/40, 80%) of the patients had low HDL 
levels while only 11 out of the 40 patients (27.5%) had raised 
triglyceride levels. We found a significant negative correlation (rho 
= -0.4, p = 0.010) between HDL and triglyceride levels indicating 
an increase in triglyceride levels as HDL levels fall. Thijs, et al. 
[22] and Hayat, et al. [23] described an association of low HDL 
and raised triglyceride levels with gallstone disease but did not 
find any significant association of serum cholesterol levels with 
cholelithiasis. Alexander, et al. [24] conducted a study on 80 
patients of cholelithiasis and found that only 12 (15%) patients had 
hypercholesterolemia while 79 (98.75%) patients had low HDL 
levels, and 23 (28.7%) patients had raised triglyceride levels. In 
our study, we found raised cholesterol levels (82.5%) and low HDL 
levels (80%) in a majority of the patients. 

These findings lead us to believe that while serum cholesterol 
plays a role in pathogenesis of gallstone disease, low HDL levels 
may be a more relevant indicator for the disease. Da Luz, et al. 
observed in patients of coronary artery disease that the ratio of TG/
HDL and T. cholesterol/HDL are better indicators of disease than 
individual lipid values in serum [25]. Jiang, et al. found a strong 
positive association of CAD with cholelithiasis [26]. In the present 
study, we also found that as serum HDL levels decreased, there 
was an increase in triglyceride levels. Based on these findings we 
would like to postulate that it is the ratio of lipid parameters and 
not the individual levels of each parameter that may serve as better 
indicators for cholelithiasis. The alterations in ratios can identify 
individuals prone to cholelithiasis and an attempt can be made at 
disease prevention through lifestyle modification and management 
of dyslipidemia. 

Biliary Cholesterol

In our study, there was a weakly negative correlation between 
serum and biliary cholesterol (rho = -0.09) and this was not 
statistically significant (p=0.592, (Table 3)); in contrast to Kanwar, 
et al. [27] who found a positive correlation between serum 
cholesterol and biliary cholesterol (rho = 0.61, p=0.001). We 
expected higher biliary cholesterol levels based on the prevalent 
concept of cholesterol supersaturation leading to gallstone 
formation, but our findings were contrary to this. It has been shown 
by Nagi and Arora [28] that the cholesterol stones (13.5%) are 
much less common in North Indian population than mixed stones 
(80.7%). In a study conducted by Chandran, et al. [29], amongst 
200 patients of cholelithiasis, 52 (26%) had cholesterol stones, 76 
(38%) had mixed stones and 72 (36%) had pigment stones. Such 
high proportion of pigment and mixed stones may be able to explain 
the lower levels of biliary cholesterol in our population as pigment 
stones are known to mainly form due to unconjugated bilirubin 
[30]. Since these studies had a small sample size, further evaluation 
with larger sample size along with stone analysis is warranted. We 
also found a significant moderate positive correlation between 
HDL and biliary cholesterol (rho = 0.38, p = 0.017, (Table 3)). HDL 
carries cholesterol in circulation and transports excess peripheral 
cholesterol to the liver for secretion into bile. 
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Table 3: Correlation of biochemical parameters (rho value, p value).

Total cholesterol HDL Triglyceride Biliary 
cholesterol Serum ferritin Biliary ferritin

Total cholesterol - - - - - -

HDL Weak positive 
(0.21, 0.184) - - - - -

Triglyceride Weak positive 
(0.16, 0.330)

Moderate negative 
(-0.4, 0.010) - - - -

Biliary cholesterol Weak negative 
(-0.09, 0.592)

Moderate positive 
(0.38, 0.017)

Weak negative 
(-0.23, 0.155) - - -

Serum ferritin Strong positive 
(0.67, <0.001)

Weak positive 
(0.17, 0.302)

Weak positive 
(0.22, 0.181)

Weak negative 
(-0.19, 0.231) - -

Biliary ferritin Weak negative 
(-0.07, 0.676)

Weak positive 
(0.19, 0.243)

Weak positive 
(0.02, 0.926)

Moderate positive 
(0.52, <0.001)

Weak negative (0, 
0.992) -

This process is termed reverse cholesterol transport. Biliary 
cholesterol can be derived from plasma lipoproteins like HDL and 
LDL or it can be synthesized in the liver. The more relevant source of 
cholesterol secreted into the bile is cholesterol derived from plasma 
lipoproteins. Of these, high density lipoprotein (HDL) appears to 
be the preferential contributor for cholesterol secreted into bile 
[31,32]. We found a significant moderate positive correlation 
between duration of illness and biliary cholesterol (rho = 0.49, p 
= 0.001). Supersaturation of bile with cholesterol is an ongoing 
process and does not stop after stone formation with progressively 
increasing biliary cholesterol levels over the course of time [33,34]. 
This also corresponds to the fact that increased chances of gallstone 
development occur as time progresses in predisposed individuals.

Serum Ferritin

In the present study, serum ferritin showed a numerical 
decrease with increase in severity of anaemia (p = 0.967 (Figure 
1)). A significant, strong positive correlation was seen between T. 
cholesterol and serum ferritin (rho = 0.67, p = <0.001, (Table 3)). 
A similar significant positive correlation was also found by Kim, et 
al. [35]. While we found no significant association between serum 
cholesterol and anemia, the mean serum cholesterol level in non 
anaemics (347.18 mg/dL) was higher than that found in anaemics 
(285.41 mg/dL). This was similar to the findings of Chowta et al. 
[36] and Choi et al. [37] who studied the relationship of anaemia 
with lipid profile and Kumar, et al. [38] who also found lower serum 
cholesterol levels in anaemic patients of cholelithiasis. This was 
explainable through multiple factors like increased erythropoiesis 
requiring moe cholesterol, plasma dilution and increased uptake 
of cholesterol by the reticuloendothelial system in anaemics 
[36]. Thus, anaemics tend to have lower ferritin levels and lower 
cholesterol levels, supporting the findings of the present study. Iron 
deficiency anaemia, low serum ferritin levels and raised serum 
cholesterol levels were expected to be associated with cholelithiasis 
[6,39,40] We also found that as serum cholesterol levels increased, 
there was an increase in serum ferritin levels. 

This contradiction suggests that there is a complex interplay 
of ferritin, cholesterol and anaemia in cholelithiasis and cant be 
simply explained by the individual levels of these factors. There was 
a higher biliary cholesterol level in patients with low serum ferritin 
than in patients with normal serum ferritin, though not significant 
(p=0.783), similar to a study conducted by Sahu, et al. [41]. Iron 
deficiency causes altered motility of gall bladder leading to biliary 
stasis leading to an increase in cholesterol saturation of bile [42,43].

Biliary Ferritin

There was a weak negative correlation between serum ferritin 
and biliary ferritin (rho = 0, p = 0.992, (Table 3)). While the mean 
values of serum ferritin were seen to decrease with increasing 
severity of anaemia, the mean values of biliary ferritin were seen to 
increase. There is a lack of adequate literature available on excretion 
of ferritin in bile. We could not find any studies which studied 
the role of biliary ferritin in cholelithiasis. However, Hultcrantz, 
et al. [7], in 1989, conducted a study in 10 patients of idiopathic 
hemochromatosis and 2 groups of controls (14 patients of gallstone 
disease and 16 healthy individuals). They found that hepatic iron 
concentration was increased 8 fold, biliary iron concentration was 
increased twofold and biliary ferritin concentration was increased 
about fivefold in patients of hemochromatosis as compared to the 
controls. They found higher levels of biliary ferritin in gallstone 
patients than in healthy individuals. Hultcrantz, et al. also concluded 
that hepatocytes secrete ferritin into bile since very little ferritin 
was detected in bile duct cells on electron microscopy making 
them an unlikely source of biliary ferritin. Hepatocyte excretion of 
ferritin into bile has also been established in animal models earlier 
[44]. Verma, et al. [45] found that the levels of biliary iron were 
higher than those of serum iron in cases of cholelithiasis as well as 
controls. 

A significantly higher amount of iron in pigment stones than 
in cholesterol stones was also found. Chandran, et al. [29] found a 
significantly higher amount of iron in mixed stones than in pigment 
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and cholesterol stones. While the amount of iron was higher in 
pigment stones than cholesterol stones, this difference was not 
significant. An increase in biliary ferritin as anaemia increases and 
relatively lower levels of biliary cholesterol suggest a more frequent 
occurrence of pigment and mixed stones in our population. Since we 
found an increased biliary ferritin with increase in anaemia (which 
is an iron deficient state) in patients of cholelithiasis, it suggests 
that the relationship between cholelithiasis and iron deficiency 
anaemia is more complex than thought previously. Ferritin may 
have a larger role to play in the pathogenesis of cholelithiasis than 
to just be a marker of iron deficiency anaemia and it is not just a 
decrease in gallbladder motility and resulting biliary stasis due to 
the deficiency of iron which cholelithiasis [46]. It is possible that 
the biliary route of excretion of ferritin is an incidental finding with 
no serious implications on gallstone formation. The concentration 
of ferritin in bile may also be due to fluid absorption from the gall 
bladder leading to concentration of its contents along with biliary 
stasis secondary to iron deficiency. 

Based on our findings, we would like to hypothesize that ferritin 
gets concentrated in bile in the gall bladder after excretion from 
hepatocytes and delivers iron into the bile which will play a role 
in the formation of gallstones. In our study, there was a significant 
moderate positive correlation between biliary cholesterol and 
biliary ferritin (rho = 0.52, p = <0.001, (Table 3)). It is known that 
cations in bile such as iron, calcium, copper and zinc promote 
cholesterol crystallization [45]. We would like to postulate that in 
patients with cholelithiasis, with the biliary cholesterol increase, 
there is a tendency for these cations to increase as well and lead 
to crystallization of cholesterol and formation of gallstones. An 
increase in biliary ferritin levels suggests its role in delivering iron 
which serves as a cation in the biliary cholesterol rich bile leading 
to cholelithiasis.

Apo B-100 Gene

On taking all 40 patients as cases and all 40 healthy volunteers 
as a control group, a 1.001 fold change upregulation of Apo B-100 
gene was observed (p=0.740). On assessing individual cases, equal 
distribution of up and downregulation in patients of cholelithiasis 
was seen (Figure 2b). In 2005, Wang, et al. assessed intestinal cells 
of mice and found that absence of expression of intestinal Apo 
B-48, but not Apo B-100, reduces biliary cholesterol secretion and 
cholelithogenesis, possibly by decreasing intestinal absorption and 
hepatic bioavailability. While the findings of Apo B-100 expression 
were similar to the present study, they studied the gene expression 
in intestinal cells of mice while this was studied in blood from 
humans in our study. Since we found a relatively higher expression of 
Apo B-100 in the patient group, though not statistically significant, 
it suggests Apo B-100 can have a role in etiology of cholelithiasis.

Apo B-100 and Lipid Profile: In our study we found that the 
levels of total cholesterol and serum triglyceride levels were much 
higher in patients with upregulation of Apo B-100 gene than patients 
who showed downregulation (Table 2). Even though our findings 
were not significant, they were in concordance with the findings 
of Fan, et al. [12], who found a threefold increase in levels of serum 
triglyceride and serum cholesterol levels in the transgenic rabbits 
with human Apo B-100 gene as compared to the non-transgenic 
controls. 90% patients with upregulation of the gene had raised 
serum cholesterol levels, while only 60% in the downregulation 
group had raised serum cholesterol levels. While this difference 
is not significant (p value = 0.081), it points to a higher frequency 
of raised cholesterol levels in the upregulation group than in the 
downregulation group and justifies the association of raised serum 
cholesterol levels with increased incidence of cholelithiasis. Since 
Apo B-100 upregulation is associated with higher cholesterol 
and triglyceride levels, assessment of gene expression may 
predict patients prone to develop hypercholesterolemia and 
hypertriglyceridemia and further, an increased risk of gallstone 
formation.

Apo B-100 and Ferritin: In our study we found higher levels 
of serum ferritin and biliary ferritin in patients with upregulation 
of Apo B-100 gene than in patients with downregulation (Table 
2). Silva, et al. [13] studied the effects of dietary iron on lipid 
metabolism in rats. They found that rats on iron dextran diet 
had a higher expression of Apo B-100 and higher levels of serum 
cholesterol and triglycerides, than rats who did not have iron in 
their diet. Since ferritin stores iron, and higher levels of serum and 
biliary ferritin were found in patients with upregulation of Apo 
B-100 gene, it is possible that the higher levels of ferritin led to the 
upregulation of Apo B-100 gene which further led to an increase 
in serum cholesterol and triglyceride levels leading to an enhanced 
risk of cholelilthiasis.

Conclusion
Findings in the present study indicate that elevated serum 

cholesterol and anaemia play a role in the pathogenesis of 
cholelithiasis. HDL is a major source of cholesterol in bile. HDL 
levels and ratios of lipid parameters may be better indicators of 
cholelithiasis. We found a positive correlation between biliary 
cholesterol and biliary ferritin which seemed to correspond with 
a positive correlation between serum cholesterol and serum 
ferritin. We also found an increase in levels of biliary ferritin with 
increased severity of anaemia in patients of cholelithiasis. These 
findings suggest a role of ferritin in delivering iron to bile leading 
to an increased risk of gallstone formation. The levels of biliary 
cholesterol were relatively less and biliary ferritin levels increased 
with increase in anaemia. Iron levels are known to be higher in 
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pigment stones. Thus, we can conclude this to be the reason for 
pigment stones being more common in our study population. 
We found a net upregulation of Apo B-100 gene in patients of 
cholelithiasis; also, serum cholesterol and triglyceride levels in 
Apo B-100 upregulated patients were raised, suggesting a possible 
role of Apo B-100 in cholelithiasis. The higher levels of serum and 
biliary ferritin could have led to the upregulation of Apo B-100 
gene. This relationship between iron metabolism, lipid metabolism 
and cholelithiasis, which exists even at the genetic level requires 
further studies for evaluation.
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