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ABSTRACT 

Non- alcoholic fatty liver disease (NAFLD) is the most common chronic liver disorder in 

the United States and other western countries, affecting approximately one-third of the 

population. With the obesity epidemic, the prevalence of NAFLD increases to 90% in 

morbidly obese individuals. Many epidemiological and experimental studies have shown 

a negative association between NAFLD and vitamin D levels. In fact, low vitamin D 

levels were significantly correlated to histological severity, necro-inflammation and 

fibrosis in NAFLD. Vitamin D is well recognized for its anti-inflammatory and anti-

proliferative properties. Vitamin D mediates part of these functions through regulating 

and interrelating with inflammatory cytokines.  We hypothesize that vitamin D may 

regulate gene expression by methods that would resolve ongoing inflammation seen in 

NAFLD by reducing the effects of pro-inflammatory cytokines, such as TNF-α, IL-1β, 

IL-6, IL-8, and up-regulate the effects of anti-inflammatory cytokine such as IL-10. 

These cytokines are intensively produced in NAFLD and are underlying the progression 

and severity of the disease. In our report these cytokines significantly increase mRNA 

and protein expression of importin α3 and cyp24A1 and significantly decrease mRNA 

and protein expression of VDR, IκBα, and cyp27B1 in HepG-2. Treatment of HepG-2s 

with calcitriol significantly decrease mRNA and protein expression of importin α3 and 

attenuate the effects of TNF-α, IL-1β, IL-6, and IL-8 to induce importin α3 mRNA and 

protein expression. IL-10, which is an anti- inflammatory cytokine, significantly reduced 

mRNA and protein expression of importin α3 with or without calcitriol. Moreover, 

calcitriol up-regulates IкBα by increasing its mRNA and protein expression and 

attenuating the effects of proinflammatory cytokines to reduce mRNA and protein 
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expression of IкBα in HepG-2s. IL-10 significantly increased mRNA and protein 

expression of IкBα as well as VDR in HepG-2. The effects of IL-10 on importin α3, 

VDR and IкBα were further potentiated by calcitriol. Our data suggested that, under 

inflammatory conditions, calcitriol plays an inhibitory role in the regulation of NF-кB by 

decreasing the expression of importin α3 and increasing the expression of IкBα and 

VDR.  Through this manner, calcitriol reduces the translocation of NF-кB and thereby 

downgrades its activity. Since NF-кB is the main transcription factor which plays a 

central role in inflammation and synthesis of pro-inflammatory cytokines; down-

regulation of its activity offers an effective therapeutic method for alleviating chronic 

inflammation involved in the development of NAFLD.  
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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic 

liver disorder in the United States and other western countries, affecting 

approximately over one-third of the population [1]. With the obesity epidemic, 

the prevalence of NAFLD increases to 90% in morbidly obese individuals [2]. 

NAFLD is histologically characterized by excessive hepatic deposition and 

accumulation of free fatty acids (FFA) and triglycerides (TG) in more than 5% 

of liver parenchyma leading to steatosis and hepatic inflammation [3]. The 

disease begins pathologically simply as steatosis, which in some individuals 

stimulates an inflammatory response (nonalcoholic steatohepatitis, NASH, as 

in 20% of cases) that may progress to a stage of fibrosis or liver cirrhosis, 9% 

of such cases, and finally, hepatocellular carcinoma develops in 1% [4], [5]. It 

is still controversial whether NAFLD should be described as an advanced 

disease developing in sequentially different stages, or each stage described 

as a single disease.  In spite of that fact, this successive development of the 

disease is quite uncommon, and mechanisms underlying why some 

individuals develop advanced disease while others develop milder liver 

disorder, or none at all, are not clearly understood.  Recently, the increasing 

occurrence of NAFLD among children and young adults has drawn significant 

implications as the future of the disease predicts a major public health burden. 

Some studies show a 3% incidence of NAFLD in the child population, 

including a 53% rate in obese children [6], [7].  Non-alcoholic fatty liver 

disease is strongly associated with other features of metabolic syndrome 

(MS), including diabetes, obesity, hypertension, hypercholesterolemia, and 

hypertriglyceridemia, supporting that NAFLD is the hepatic manifestation of 
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metabolic syndrome [5]. Insulin resistance and associated hyperinsulinemia 

play a significant role in the development of both NAFLD and metabolic 

syndrome [8]. Many experimental studies have indicated a negative 

association between NAFLD and vitamin D levels [9]. In fact, low Vitamin D 

levels were significantly correlated to histological severity, necro-inflammation 

and fibrosis in NAFLD, independent of age, gender, BMI, and presence of 

other features of metabolic syndrome [10]; these results have been sustained 

in children with NAFLD [11]. 

Epidemiology 

According to data reported by the US National Health and Nutrition 

Examination Survey (NHANES), the prevalence of NAFLD among other 

chronic liver diseases has increased from 47% to 75% between 1988 and 

2008 due to an increase in metabolic risk factors as well as an aging 

population [9], concurrently with the prevalence of other features of metabolic 

syndrome, including: (i) Insulin resistance from 23% to 35%, (ii) Arterial 

hypertension from 22% to 34%, (iii) Type 2 diabetes from 5.9% to 9.1%, (iv) 

Visceral obesity from 35% to 51%, and (v) Obesity from 21% to 51% [9]. 

It is well established that NAFLD is strongly associated with the above 

mentioned metabolic syndrome features. In subject with NAFLD the 

prevalence of obesity is 30% to 100% [12]. Obesity is a risk factor for the 

development of NAFLD; risk significantly increases with high BMI and visceral 

obesity [13]. The prevalence of NAFLD in patients with type 2 diabetes is 

between 10% and 75% [12]. Impaired lipid metabolism plays an important role 

in many cases of type 2 diabetes (diabetes mellitus) where there are 

increased TG and decreasing HDL cholesterol [14]. Generally, about one-third 
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of the UAS population suffering from diabetes mellitus has NAFLD. It is clearly 

understood that the increasing incidence of NAFLD in the USA and other 

western countries is associated with the surge in obesity and diabetes among 

all age groups [15]. 

ETIOLOGY. In addition to the features of metabolic syndrome, NAFLD has 

other causative factors; these include inborn errors of metabolism, surgeries 

associated with weight loss, and drugs and toxins (Table 1). 

Table 1: Common causes of hepatic steatosis 

Factor Associated Conditions 
Acquired 
insulin 
resistance 

• Obesity 
• Diabetes Mellitus 
• Hyperlipidemia 
• Hypothalamic- pituitary dysfunction 

Genetic/Inborn 
errors of 
metabolisms 

• Abetalipoproteinemia 
• Galactosemia 
• Weber–Christian disease 
• Limb lipodystrophy 
• Wilson’s disease 
• Type 1 glycogen storage disease 
• Systemic carnitine deficiency 
• Refsum’s syndrome 

Nutritional and 
Intestinal 
problems 
 

• Rapid weight loss 
• Starvation and cachexia 
• Total parenteral nutrition 
• Protein calorie malnutrition: Marasmus and Kwashiorkor 
• Inflammatory bowel disease 
• Jejunal diverticulosis with bacterial overgrowth 

Intestinal 
Surgeries 

• Jejunoileal bypass 
• Gastroplasty for morbid obesity 
• Biliopancreatic diversion 
• Extensive small bowel resection 

Medications • Amiodarone 
• Methotrexate 
• Tamoxifen/synthetic estrogens 
• Glucocorticoids 
• Nucleoside analogs 

Toxins • Organic solvents 
• Petrochemicals 
• Dimethylformamide 
• Rapeseed oil 
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PATHOGENSIS OF NAFLD 

NAFLD, described as a sequential collection of hepatic injuries which 

progresses from simple steatosis to hepatocellular ballooning degeneration, 

formation of Mallory bodies and fibrosis (NASH), cirrhosis (liver failure) and 

hepatocellular carcinoma [4, 5]. Although the pathogenesis of NAFLD has not 

been entirely assumed, a “two-hit” model has been suggested since 1998 to 

describe the natural development of the disease from steatosis to 

steatohepatitis [16]. According to a “two-hit” model hypothesis, hepatic 

triglycerides, which are formed by esterification of FFAs and glycerol within 

the hepatocytes accumulate, or steatosis, is assumed to be the ‘first hit’ or 

first step (Figure 1). FFAs arise in the liver from three different sources; 

dietary sources comprise 15%, de novo lipogenesis 26%, and lipolysis (the 

hydrolysis of FFAs and glycerol from triglycerides within adipose tissue) 

comprises the major source, 59% [17].  Hepatic fat accumulation is the result 

of increased fat influx synthesis (lipolysis and lipogenesis) and decreased in 

fat oxidation and export). Under physiological settings FFAs can be utilized 

through β-oxidation, re-stratified to triglycerides and packed as lipid droplets, 

or exported as very low density lipoprotein (VLDL) [18]. For VLDL to be 

exported from the liver, TG is always integrated into apolipoprotein B (apoB) 

by microsomal transfer protein (MTP) [19]. Abnormal modification of 

MTP/apoB production and secretion has been suggested as a possible 

mechanism underlying the pathogenesis of NAFLD due to the reduced ability 

of the liver to export lipids [20].  The discrepancy in lipid metabolism has been 

proposed as the underlying mechanism for all potential etiological factors for 

NAFLD (Figure 1). 
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Figure 1:   Schematic presentation for molecular pathogenesis of 

Nonalcoholic fatty liver disease. The Multi-hit hypothesis of NAFLD. The 

“First hit” In obese state; the enlarged adipocytes due to macrophage 

infiltration produce pro-inflammatory  cytokines such as TNF-α, IL-1β, IL—

6 and IL-8 over-production of these cytokines resulting in the development of 

insulin resistance. IR causes compensatory hyperinsulinemia which acts on 

HSL increasing the of lipolysis rate of TG to FFA. FFA then transport and 

accumulate in the liver resulting in hepatic steatosis. In the” Second hit” the 

released TNF-α, IL-1β, IL-6 and IL-8 from adipocytes (systemic IR) that 



 
 

 6 

transported to the liver and   initiate a cascade of events that promote the 

release of further inflammatory mediators. These signaling events converge 

NF-кB, STAT3 and MAPK pathways. Following the translocation and 

activation of transcription factors to the nucleus more inflammatory cytokines 

are produced. Inflammatory cytokine pathways through IKKβ and JNK can 

stimulate serine instead of tyrosine phosphorylation of IRS-1 which results in 

reducing glucose uptake thus the Insulin resistance: Two hit model in the 

activation of pro-inflammatory pathways in the pathogenesis of NAFLD. 

 

 Once hepatic triglycerides accumulation (steatosis) has been 

established, development of the disease to steatohepatitis (NASH) comprises 

the ‘second hit’ (Figure 1); oxidative stress is considered to play a crucial role, 

as FFAs directly cause liver toxicity and injury by increasing oxidative stress 

[21].                             

Oxidative stress is a condition resulting from an imbalance of pro-oxidants 

(enhanced reactive oxygen species: ROS/ reactive nitrogen species: RNS) 

and antioxidants from nutritional deficiencies which leads to lipid peroxidation 

[22]. Chemicals resulting from lipid peroxidation can directly cause toxicity to 

the liver cells, or initiate a host-immune response resulting in inflammation 

and collagen synthesis, which promotes development of the disease [23]. 

Generation of pro-oxidants can be induced by mitochondrial dysfunction 

(NADPH oxidase and electron transport leakage) [24], and stimulation of 

microsomal peroxidase CYP2E1 [25], produced by compromised FA oxidative 

mechanisms [26]. Lipid peroxidation products include 4-hydroxy-2-nonenal 

(HNE) and malondialdehyde (MAD) [27]. Both HNE and MAD transmit 
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oxidative damage, multiple cellular variations, and microvascular steatosis 

[28]. Additionally, HNE and MDA prompt Apo-B proteolysis, which decreases 

triglyceride export through VLDL formation [29]. Moreover, lipid peroxidation 

products result in alteration of nucleotide and protein synthesis, which 

reduces glutathione and induces TNF-α production. This consequently 

increases necro-inflammatory activity and fibrogenesis which is mediated by 

transforming growth factor (TGF)-β1, which in turn stimulates hepatic stellate 

cells into collagen-secreting myofibroblasts [30]. As a result, a ‘third-hit’ has 

been added to explain insufficient hepatocyte proliferation due to oxidative 

stress [31]. In a healthy liver, cell death induces replication of mature 

hepatocytes to substitute the dead cell and resume its normal functions. 

However, oxidative stress inhibits this replication process and the result is an 

expansion of hepatic progenitor cell (oval cell) population [32]. These cells 

may differentiate into hepatic-like cells which are associated with the fibrosis 

stage of the disease [33]. In chronic liver disease, the progress of 

fibrosis/cirrhosis is reliant on the capability of hepatocyte regeneration; hence, 

cell death due to oxidative stress method, followed by altered proliferation of 

hepatocyte progenitors, characterizes the proposed “third hit” in NAFLD 

pathogenesis [34]. 

Inflammation and non-alcoholic fatty liver disease 

The presence of NAFLD is strongly associated with chronic 

inflammation that underlies all NAFLD entities/stages [35]. Fatty acids and a 

high-fat diet can stimulate inflammatory signaling in the liver even in the 

absence of obesity and systemic insulin resistance [36]. Excessive fat can 

stimulate JNK (c-Jun N-terminal protein kinases (JNK), also known as stress-
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activated protein kinases) and IKK (kinase complex); both are capable of 

inducing transcription of some inflammatory genes through the activation of 

activator protein-1 (AP-1) and NF-кB, respectively [37]. Both kinases stimulate 

lipogenic genes within the liver, and are important sources of hepatic fat that 

activate the expression of some pro-inflammatory cytokines and cell-adhesion 

molecules [39]. In a study of a methionine-choline-deficient (MCD) model of 

murine steatohepatitis, obstructions of either the IKK or JNK-1 isoform of JNK 

significantly reduced inflammation [40]. Furthermore, JNK was found to 

induce apoptosis of the hepatocytes through its association with unsaturated 

fatty acids [41].   

Steatosis activates innate immune system response within the liver, 

which can amplify liver injury, and among these is the activation of a death 

receptor (Fas), which is a serious change that indicates advancement and 

severity of the disease [42]. Increased expression of Fas by hepatocytes also 

increases susceptibility of hepatocytes to Fas-mediated apoptosis [43], [44]. 

Reducing the expression of hepatocyte growth factor receptor (cMet) impedes 

Fas-Fas ligand (FasL) interactions [45]. Moreover, accumulation of fat within 

the hepatocyte makes hepatocyte cells express a high level of FasL, which 

increase the rate of cell death. 

Toll-like receptors (TLR) are proteins that play a critical role in early 

innate immunity response to invading pathogens and other foreign particles. 

They exist in all kinds of liver cells. They are mostly present in NASH because 

of their possible stimulation by saturated fatty acids as well as their dealings 

with endotoxins produced by Gram-negative bacteria that have been found in 

the circulation of animals that have obesity and fatty liver [46]. In a different 
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study, it was found that a high fat diet and methionine-choline deficient (MCD) 

feeding induced hepatic expression of TLR2 and TLR4 in addition to TLR4 co-

receptor CD14 and MD2 [47]. These receptors can promote the progression 

of NAFLD to NASH by increasing hepatic expression of pro-inflammatory 

mediators [48]. 

Role of inflammatory cytokines in the development of NAFLD  

Although NAFLD is growing as a major public health challenge 

worldwide, the mechanisms of the disease progression and underlying 

pathogenesis remain only moderately understood. Recently, there is 

developing evidence from much experimental and human research that 

suggests the role of inflammatory cytokines in the pathogenesis and 

progression of the disease. Cytokines are soluble proteins that interact in 

intercellular communications. They are produced by many different kinds of 

cells including most liver cells [49]; they include tumor necrosis factor, 

transforming growth factor, interferons, interleukins, chemokines, and colony-

stimulating factors. Cytokines mediate many significant biological processes, 

including growth factors, hematopoiesis, lactation, inflammation and the 

immune system. They are involved in many pathological conditions as well, 

such as rheumatoid arthritis, atherosclerosis, psoriasis, and NAFLD [50, 51]. 

In normal physiological processes the liver synthesis of cytokines is limited or 

completely absent. However, under pathological conditions such as fat 

accumulation, hepatic cells are stimulated to produce these inflammatory 

molecules. Inflammatory cytokines might play a key role in the development of 

NAFLD through the stimulation of hepatic inflammation, cell necrosis, 

oxidative stress, apoptosis and fibrosis; nonetheless, cytokines are involved in 
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the regeneration process of liver cells following injury [52]. There is an 

association between the presence of steatosis and inflammation in the 

development of NAFLD. The following section will review the role of some 

inflammatory cytokines in the development of NAFLD. 

Tumor necrosis factor-α: TNF-α is an adipocyte-derived, inflammatory 

mediator that plays a central role in the development of NAFLD. TNF-α is 

secreted by many inflammatory cells including monocyte/macrophages, 

neutrophils, natural killer cells, and T- and B-cells; it is also produced by some 

tissues such as endothelium and adipose tissue; in the liver TNF–α is directly 

secreted by hepatocyte and Kupffer cells and indirectly by visceral fat [53]. 

Several animals and human studies have indicated an important role of TNF-α 

in the development of NAFLD and NASH [54]. Most of these studies 

confirmed that adipose tissue characterizes a significant source of obesity-

induced inflammation and consequently, insulin resistance [55]. TNF-α mRNA 

expression is higher in several animals (rodent) models of obesity than the 

control [54].  Consistently with most of these studies, obese mice lacking 

TNF-α or TNF-α receptors exhibited enhanced insulin sensitivity [56].  Normal 

or unstimulated adipocytes produce a moderate amount of TNF-α [55]. 

Additionally, adipose tissue produces TNF-α receptors (TNF-R1 and TNF-R2); 

upon these receptors TNFα can transmit its effects to more than 20 different 

cytokines receptors. TNF-R1 intermediates apoptosis and lipolysis while TNF-

R2 stimulates insulin resistance [57], altogether they are involved in the 

pathogenesis of NAFLD as well as NASH. Consequently, in these studies, 

mice treated with anti-TNF-α drug such as thalidomide exhibited some 

improvement in hepatic changes (pathogenesis) induced by a high-fat diet 
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[58]. According to a methionine- and choline-deficient diet study, the induction 

of anti-TNFα antibody significantly reduces inflammation, necrosis and fibrosis 

[59]. In spite of this fact, TNF-α reduction in animal models of NAFLD grants 

that some therapeutic assessment of the role of this cytokine continues to be 

debatable in humans. Obese individuals showed higher levels of TNF-α than 

lean ones as well as an association with insulin resistance [54], [60]. 

Furthermore, in NASH patients there were positive associations between the 

amounts of liver fibrosis and circulating levels of TNF-α [61].  A different study 

indicated elevated TNF-α levels in the liver and adipose tissue in NASH 

patents with advanced fibrosis compared with minimal or total absence of 

fibrosis [62]. Recently, there was a clinical study that confirmed previous 

results, reporting induced levels of TNF-α in patents with steatohepatitis 

compared to controls [63].  More recent studies of genetic polymorphisms of 

TNF-α suggest the possible contribution of this pro-inflammatory cytokine in 

the pathophysiology of NAFLD [64, 65].  Moreover, the combination of 

pentoxifylline (a TNF-α inhibiting drug) with diet and exercise significantly 

reduced the circulating levels of aminotransferases in patents with NASH [66]. 

Nonetheless, the contribution of TNF-α to the development of insulin 

resistance and NAFLD remains complex and needs more elucidation. Some 

studies have concluded no associated between insulin resistance and TNF-α 

levels [67, 68]. The most recent study showed no significant difference 

between serum levels of TNF-α between patients with NAFLD as compared to 

controls [68]. Most of these contradicting studies need more clarification. 

Commonly, metabolic alterations cause lipid accumulation which induces local 

(e.g. liver) production of TNF-α and kinases. TNF-α stimulates numerous 
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inflammatory signals, with a negative impact on insulin signaling, the result of 

which is insulin resistance, a significant risk factor in the development of 

NAFLD.  

Interleukin-6:  IL-6 is a pleiotropic cytokine that is released from fibroblast, 

endothelial cells, adipocytes, monocytes and T-cells in response to acute 

inflammation [70]. The role of IL-6 in liver pathogenesis remains intricate and 

its involvement in the development of NAFLD is quite unclear. However, IL-6 

has a wide range of systemic effects including the stimulation of inflammation, 

regulation of immune defense (B- and T-cell functions), support of 

hematopoiesis, and oncogenesis [71]. IL-6 levels increase in the serum of 

obese subjects and is a strong predictor of the development of Type 2 

diabetes, metabolic syndrome and cardiovascular diseases [72, 73]. 

Moreover, IL-6 has slightly inhibitory effects on adipogenesis, reducing the 

production of adiponectin from adipocyte suppressed lipoprotein lipase (LPL) 

on endothelial cells and stimulating lipolysis (post exercise). IL-6 from visceral 

fat enters the liver through the portal vein; in the hepatocyte cells IL-6 binds to 

its receptor and stimulates signaling transducer protein JAK/STAT3, in which 

JAK activates STAT3 phosphorylation, dimerization and translocation to the 

nucleus. This results in the transcription of several genes, including the 

suppressor cytokine signaling 3 (SOCS-3) which affects insulin signaling 

through the inhibition of insulin receptor substrate (IRS) phosphorylation, 

resulting in hepatic insulin resistance and consequently contributing to the 

development of NAFLD [74].  Initially studies found that IL-6 has a protective 

mechanism in liver steatosis by stimulating hepatocyte proliferation, 

decreasing oxidative stress and preventing mitochondrial dysfunction [75, 76]. 
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A study showed that mice lacking IL-6 develop insulin resistance and rapidly 

mature into obesity, which are the risk factors in the development of NAFLD 

[77]. Additionally, a positive association was obtained between hepatic 

expressions of IL-6 and severity of NAFLD [78]. Although IL-6 could improve 

hepatic injury by stimulating hepatocyte regeneration, it could also expose the 

liver to injury by activating apoptosis, prompting insulin resistance, and being 

involved in NASH development. Contemporary studies have confirmed the 

contradictory role of the IL-6 in NAFLD; obstruction of the IL-6 pathway by 

tocilizumab (an antibody against IL-6 receptors) improved hepatic steatosis 

but aggravated liver damage [79]. 

Interleukin-10: IL-10 is an anti-inflammatory cytokine, which is mainly 

produced by the liver and regulates the inflammation in several organs and 

tissues [80]. In the liver IL-10 alleviates hepatocellular injury by inhibiting T-

cells, monocyte- and macrophage-mediated functions [81]. The role of IL-10 

in the pathogenesis and insulin resistance as well as progression of NAFLD 

remains unclear and limited reports are available. A study of mice lacking IL-

10 fed with high fat diet showed that endogenous IL-10 can prevent hepatic 

steatosis, but is not related to insulin resistance [82]. Furthermore, another 

mouse model of an NAFLD study using the IL-10 antibody or antisense 

oligonucleotide resulted in increased expression of pro-inflammatory 

cytokines, such as TNF-α, IL-6, IL-1β and F4/80, in addition to reducing 

insulin signal transduction and steatosis [83]. A different study showed a 

negative association between IL-10 levels and metabolic syndrome in obese 

women and predicted the potential role of IL-10 in the prevention of metabolic 
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syndromes including NAFLD in patients [84]. However, this correlation was 

not confirmed in children and adolescents [85].  

Interleukin-8:  IL-8 is a chemokine secreted by several cells, including 

inflammatory and endothelial cells [86]. The main function of this chemokine is 

to coordinate neutrophil attraction within inflamed tissue. There is little data 

supporting its role in the development of NAFLD. A recent study indicated that 

circulating levels of IL-8 were higher in NAFLD patients compared to obese or 

lean patients [87]. Moreover, serum levels were significantly elevated in the 

NASH group compared to hepatic steatosis or a healthy control group [88, 

89]. Some studies showed no association between NAFLD and circulating 

levels of IL-8 [90]. 

Interleukin-1β:  IL-1β is a pro-inflammatory cytokine produced in inactive 

form by macrophages then transformed to an active form by caspas-1 within 

inflammasomes [91]. There is rising data supporting the involvement of IL-1β 

in the transformation of obesity–induced inflammation to insulin resistance (in 

rodent models) which is the major risk factor of NAFLD [91, 92]. In murine 

3T3-L1 adipocytes, application of high doses of IL-1β (20ng/ml) significantly 

reduced the expression of IRS-1 and GLUT4 mRNA [93, 94]. IL-1β has been 

shown to control liver insulin sensitivity [93, 95]. In type 2 diabetics treatment 

with IL-1β receptor antagonist improved glycemic control, which confirmed the 

role of inflammation in the pathogenesis of type 2 diabetes and insulin 

resistance [96]. Additionally, another diet–induced obesity model application 

of XOMA 052, a neutralizing anti-IL-1β antibody, enhanced insulin sensibility 

and beta cell functions [97]. Moreover, increased serum level of IL-1β and IL-6 

is a predictable risk factor of the development of type 2 diabetes, which is 
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strongly associated with hepatic steatosis [98, 99]. In a study of both IL-1β 

and IL-1α deficient mice fed with diet-induced steatosis were completely 

protected from the hepatic inflammation associated with fat accumulation, 

proposing the significant role of these pro-inflammatory cytokines in the 

development of the liver inflammation [100]. IL-1β has been proposed to 

mediate macrophage–induced production of matrix-metalloproteinase 1 and 3 

which alter the action of insulin in adipose tissue [101]. In the liver IL-1β is 

produced by Kupffer cells and macrophages stimulated by FoxO1 through 

NF-кB [101]. Furthermore, toll-like receptors in Kupffer cells are stimulated by 

lipopolysaccharides and saturated fatty acids to produce IL-1β [102]. Many 

studies have demonstrated the role of IL-1β in the development of IR-

mediated NAFLD through different mechanisms [103], [104]. Circulating IL-1β 

levels were significantly higher among NAFLD subjects compared to other 

chronic liver disorders [105]. There is growing evidence supporting the role of 

peroxisome proliferator-activated receptor alpha (PPARα) in the development 

of NAFLD since deactivating the PPARα gene results in increasing hepatic 

TG accumulation, particularly during fasting [105]. There is an association 

between Kupffer cells which produce IL-1β and hepatocytes regarding the 

regulation of TG metabolism; IL-1β was shown to suppress PPARα 

expression through a NF-кB dependent pathway which inhibited PPARα 

promoter activity, resulting in the reduction of PPARα genes involved in fat 

catabolism, particularly carnitine palmitoyltransferase 1A(Cpt1a) [106]. 

Generally, IL-1β contributes to the development of steatosis by down-

regulating PPARα expression through NF-кB–dependent inhibition of PPAR 

promoter activity. 
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 Insulin Resistance, a metabolic pathway to non-alcoholic fatty liver 

disease 

Insulin is a significant hormone secreted by pancreatic β cells in 

response to elevated circulating levels of glucose after meals. Insulin 

maintains carbohydrate and lipid hemostasis through complex metabolic 

pathways; glucose from portal circulation is directly taken up by hepatocytes, 

which transform it to glycogen. However, liver synthesis of glycogen is rate-

limited upon 5% of the liver mass; any additional glucose taken up by the liver 

is shifted to fatty acid synthesis pathways in which fatty acids are transformed 

into triglycerides (TG), modified to very-low density lipoproteins (VLDLs), and 

then exported to adipose tissue.  Insulin down-regulates adipocyte secretion 

of hormone-sensitive lipase (HSL) which regulates the release of free fatty 

acids. Insulin performs these complex metabolic pathways through cellular 

transduction signaling; any defect on the signaling results in insulin 

resistance, defined as a metabolic alteration in which tissue responsiveness 

to normal insulin action or levels fail to achieve ordinary metabolic response. 

Increased glucose and insulin levels lead to the development of insulin 

resistance, which is characterized by decreased effectiveness of insulin to 

inhibit liver glucose synthesis and induced glucose utilization in skeletal 

muscles and adipose tissue. Subjects with impaired glucose tolerance (IGT) 

are shown to have muscle insulin resistance and mild or no hepatic insulin 

resistance; however, subjects with impaired fasting glucose (IFG) show a 

severe hepatic insulin resistance with normal or partial-normal muscle or 

peripheral insulin resistance [107]. Insulin resistance in muscles causes 

reduction in glucose uptake while insulin resistance in liver causes reduction 
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in glucose storage, and both result in increased levels of blood glucose as 

well as insulin. Lipolysis, which is normally inhibited by insulin through 

hormone-sensitive lipase (HSL) enzyme, is overproduced in insulin resistance 

pathogenesis and results in increased in circulating free fatty acids [108]. 

Insulin resistance leads to the development of metabolic syndrome, which 

include type 2 diabetes, non-alcoholic liver disease, hyperlipidemia and 

dyslipidemia. 

The biological action of insulin depends on the interaction of insulin 

with its receptor. The insulin receptor is a glycosylated tetramer consisting of 

two extracellular insulin binding (alpha) subunits and two passage membrane 

(beta) subunits which express tyrosine activity. Insulin binding causes 

activation of the receptor and successively tyrosine phosphorylation of the 

insulin receptor substrate proteins (IRS-1 and IRS-2). This initiates a cascade 

of events resulting in translocation of a specific glucose transporter – glucose 

transporter 4 (GLUT-4) from the intracellular pool to the cell membrane. 

GLUT-4 facilitates glucose transport along the concentration gradient from the 

extracellular space into the cytoplasm [109]. Development of insulin 

resistance could result in a defective mechanism of the insulin binding, insulin 

receptor substrate or (GLUT-4). Insulin resistance can be peripheral (muscle 

and adipose tissue) or central (hepatic) depending upon the primary side; 

recent data support the peripheral IR as a contributory factor for development 

of NAFLD following and exacerbated by hepatic steatosis. Peripheral IR 

manifests by a significant decrease of muscle and adipose tissue to uptake 

glucose from the blood, and secondarily by the failure of insulin to impede the 

anti-lipolytic action of HSL [109]. Hepatic IR (central) is characterized by 
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unlimited glucose production from impaired glycogen synthesis in the liver 

resulting from failure of insulin to inhibit gluconeogenesis [110]. Hepatic fat 

accumulation can cause IR [111]. Alteration in lipid metabolism is thought to 

be the fundamental mechanism in development of IR; since most underlying 

effects of FA accumulation are likely to be facilitated by lipid intermediates, in 

particular diacylglycerols (DAG) and ceramides [113]. Lipid intermediates 

induce IR by activating mammalian target of rapamycin (mTOR), inhibiting кB 

kinase (IKK), Jun-N terminal kinase (JNK), and novel protein kinase C 

(nPKC); these kinases down-regulate insulin signaling by inhibiting IRS [114, 

115]. Furthermore, hyperinsulinemia in the liver stimulates de novo 

lipogenesis, where insulin activates enzymes under the transcriptional 

regulation of sterol regulatory element binding protein -1c (SREBP-1c) 

through mTOR complex -1); the lipogenesis as a result of IR exacerbates 

hepatic lipid accumulation and accelerates the development of the disease 

[116]. Insulin resistance and resulting hyperinsulinemia may also contribute to 

hepatic fat accumulation by inactivating the forkhead transcription factor 

Foxa2 [117]. Foxa2 induces fatty acid oxidation in the liver, thus by 

suppression of β-oxidation, Foxa2 contributes to fat accumulation [117]. 

However, TG pool resultant from de novo lipogenesis only accounts for a 

small part of hepatic fat accumulation associated with NAFLD [118]. 

Endoplasmic reticulum stress has been involved in the pathogenesis of 

hepatic steatosis and hepatic insulin resistance. ER folds unfolding 

polypeptide chains into functional proteins. Disturbances in ER homeostasis 

may result in the accumulation of unfolded proteins in the ER. The result is 

ER stress, which may lead to cell suicide signals mediated by pro-apoptotic 
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factor CHOP. CHOP production is stimulated by eukaryotic initiation factor-2 

alpha (eIF2α) and activating transcription factor 4 (ATF4); on the other hand, 

CHOP induces transcription of the phosphatase growth arrest and DNA 

damage-inducible protein (GADD34) which dephosphorylates and inactivates 

eIF2α (negative feedback loop). This results in the activation of 

transmembrane signal transducers in a process known as unfolded protein 

response (UPR) [119]. The UPR regulates lipogenesis and tolerates the 

expansion of the ER membrane and increases its capacity to handle proteins. 

Mice treated with UPR activators develop hepatic steatosis [120]. The role of 

the eIF2α pathway and ER stress as an early step in the development of 

hepatic steatosis was found in study of a mice fed a high fat diet for 3 days, in 

which dephosphorylation of eIF2α reduced the fat accumulation and 

significantly reduced key transcriptional factors C/EBPα, C/EBPβ, proposing 

that activation of eIF2α is one of the early steps in the development of hepatic 

steatosis [121]. These data propose that UPR contributes to regulation of 

hepatic lipogenesis and may contribute to hepatic IR.  

Adiponectin (Acrp 30 or AdipoQ) is an anti-inflammatory cytokine 

mainly secreted by adipocytes. Low serum levels of adiponectin have been 

associated with several components of metabolic syndrome [122], and 

application of adiponectin inverses IR and anti-inflammatory properties [123]. 

In the liver, adiponectin improves insulin sensitivity to inhibit gluconeogenesis 

[124]. Additionally, adiponectin regulates hepatic FA metabolism through the 

reduction of lipogenesis and stimulation of FFA oxidation [125]. Adiponectin 

levels are negatively associated with hepatic fat and hepatic IR in diabetic 

patients compared to healthy controls [126]. Several studies reported that 
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adiponectin exerts its anti- inflammatory properties through stimulation and 

production of IL-10 [127, 128]. Furthermore, adiponectin appears to induce 

ceramide catabolism, thus preventing apoptosis and the development of 

insulin resistance [129]. Moreover, adiponectin has been shown to down-

regulate the IKK signaling inflammatory pathway which indicates its role in 

inflammation, in addition to IR, in the development of hepatic steatosis. The 

role of other inflammatory cytokines, such as TNF-α, IL-10, IL-6, IL1β, and IL-

8, in the development of IR and subsequently NAFLF has been discussed 

previously. Accordingly, white adipose tissue is the major source of IR that 

underlying ectopic fat accumulation, particularly in the liver leading to the 

development of NAFLD, which always stimulates production of lipid 

intermediates such as DAG and ceramides subsequently lead to reduce 

insulin signaling cascade in the liver and resulting in hepatic insulin resistance 

and inflammation, which is a result of cytokines production by the liver or 

white adipose tissue. Secretion of some cytokines such as TNF-α, IL-1β, IL-6 

and IL-8 exacerbate IR and subsequently NAFLD, whereas other cytokines, 

for example IL-10 and adiponectin, have anti-inflammatory properties to 

compensate for the situation. 

Role of hypovitaminosis D on insulin resistance and the development of 

NAFLD 

Vitamin D Metabolism 

 Vitamin D is a secosteroid hormone. Under physiological conditions it 

is obtained from epidermal cells in which ultraviolet radiation from sun 

exposure converts 7- dehydrocholesterol into previtamin D3.  Pre-vitamin D3 

through thermic and isomerization processes is transformed into vitamin D3 –
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cholecalciferol. A small fraction of vitamin D is obtained from dietary sources 

such as milk and eggs in the form of vitamin D2 – ergocalciferol [130]. Vitamin 

D3 synthesized from skin is carried to the liver bonded to vitamin D binding 

protein. Both vitamin D3 and vitamin D2 can be stored in the adipocytes or 

undergo hydroxylation in the liver by 25-hydroxylase (CYP2R1) to 25-

hydroxyvitamin D [25(OH)D], which is the most commonly used biomarker for 

vitamin D status. The 25(OH)D is transported to the kidney bonded to DBP 

where it goes through another hydroxylation process by 1α-hydroxylase 

(CYP27B1) to the biologically active form 1α, 25-dihydroxyvitamin D [1, 

25(OH)2D]. By binding to vitamin D receptor (VDR) 1,25(OH)2D is capable of 

exerting the biological action of vitamin D. 1,25(OH)2 D is regulated by 1α-

hydroxylase and catabolic enzyme 24-hydroxylase (CYP24A1) which 

catabolizes 1,25(OH)2D into 24,25-dihydroxyvitamin D3 and 1,24,25-

trihydroxyvitamin D, which are excreted in bile. 1α-hydroxylase controls its 

own synthesis via negative feedback but mainly through inhibition of 

parathyroid hormone (PTH) which stimulates the transcription of 1α-

hydroxylase. Fibroblast growth factor 23, which produces osteoblasts, 

promotes expression of 24-hydroxylase and down-regulates the expression of 

1α-hydroxylase in the kidney. Other organ cells, such as central nervous 

system and immune system cells, contain 1α-hydroxylase enzyme and also 

stimulate 1,25(OH)2D to certain degree [131]. The functions of vitamin D has 

been extended beyond those on skeletal tissue and calcium homeostasis; in 

fact, vitamin D receptors are expressed in several tissues including the central 

nervous system, reproductive system, immune system, and endocrine 

system. Vitamin D receptors incite the pleiotropic properties of vitamin D and 
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its role in regulating immune cells, cell proliferation, differentiation and 

apoptosis [132, 133].   

NAFLD is a hepatic manifestation of metabolic syndrome due to its 

association with other features of MS. IR is a key factor of pathogenesis and 

progression of NAFLD [134]. Several studies show a negative association 

between vitamin D levels and obesity, glucose intolerance, IR, metabolic 

syndrome, body mass index (BMI) and type 2 diabetes mellitus [135 - 137]. 

Considering IR as a significant risk factor in the development of NAFLD, the 

association between vitamin D deficiency and IR is proposed to be an 

important role in the development of hepatic steatosis. Moreover, vitamin D 

may up-regulate hepatic inflammation and oxidative stress genes through the 

endotoxin and toll-like receptor pathway which exacerbates hepatic steatosis 

[139]. Vitamin D activates its intercellular signals through vitamin D receptors, 

which are excessively expressed in the liver [140], in addition to glucose and 

lipid metabolism genes [141, 142], VDRs regulate more than 200 genes 

including inflammation [143], cell proliferation, differentiation and apoptosis 

[144]. Moreover, a study showed that VDR knockout mice exhibited 

spontaneous liver damage with fibrosis, and described the necessity of VDR 

in the protective mechanism for liver fibrosis independently from other 

parameters of metabolic syndrome such as BMI, IR or adiponectin level [145]. 

Additionally, in a study of NAFLD subjects, four single nucleotide 

polymorphisms (SNPs) were found to have a major correlation with NAFLD, 

these four includes SNPs GC gene which is expressed in hepatocytes and 

Condes for vitamin D binding protein, the main carrier of vitamin D; this study 
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presented the integration of genetic factors in the development of NAFLD 

[146]. 

Role of vitamin D in adipose tissue, insulin resistance and hepatic 

inflammation 

Insulin resistance, which is the key factor in the development and 

pathogenesis of NAFLD, has been negatively correlated to vitamin D levels. 

Vitamin D deficiency stimulates parathyroid hormone PTH which has been 

linked to insulin resistance. Parathyroid hormone affects insulin sensitivity by 

reducing glucose uptake by liver, adipocytes and muscle cells; PTH was 

reported to decrease the activity of insulin-mediated glucose transport in an 

osteoblast-like cell types treated with PTH for 16 hours [147]. PTH down-

regulates insulin activity by reducing the numbers of insulin transporters 

(GLUT1 and GLUT4) [148]. Moreover, PTH is associated to insulin resistance 

by increases in acute-phase proteins [149].  To support this assumption some 

studies, confirm that Vitamin D application improves insulin resistance [150 - 

153]. Vitamin D is liked to development of insulin resistance which results in 

the development of NAFLD through its role in glucose metabolism by 

accelerating the transformation of proinsulin to insulin. Furthermore, vitamin D 

deficiency has been correlated with pancreatic β-cell dysfunction and a 

greater risk of development of type 2 diabetes mellitus [153]. 

  Hepatic fat accumulation results in a state of chronic inflammation; the 

most inflammatory mediator in this process is nuclear factor κ-β (NF-κB). In 

the livers of mice fed with a high fat diet, expression of NF-κB was 

significantly associated with expression of pro-inflammatory cytokines such as 

TNF-α, IL-6, IL-1β and stimulation of Kupffer cells [154]. These pro-
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inflammatory cytokines induce all pathological features associated with NASH 

including hepatocyte necrosis and apoptosis, and stimulation of hepatic 

stellate cells. Human studies have reported increased cytokine gene 

expression and histological severity in the livers with NASH compared to 

obese controls [155].  Several studies have indicated the anti-inflammatory 

effects of vitamin D.  In study of lipopolysaccharide murine macrophages up-

regulation of IкBα- the inhibitor of NF-κB- by increasing expression of its 

mRNA stability and reduced IкBα phosphorylation resulted in decreased pro-

inflammatory activity of NF-κB [156]. Moreover, adiponectin, which functions 

as an anti-inflammatory agent, in murine study, high levels of adiponectin 

were reported to decrease necro-inflammation and steatosis in both alcoholic 

and nonalcoholic fatty liver diseases [157], and enhanced insulin resistance 

[158]. A positive association was found between adiponectin levels and 

concentration of 25(OH)D independent of BMI [159]. Furthermore, daily 

administration of IU 100 vitamin D for 12 weeks in Iranian type 2 diabetes 

patients resulted in a significant increase of adiponectin levels and reduced 

levels of inflammatory cytokines IL-6, IL-1β and IL-8 [160]. Additionally, in 

another NASH model study, phototherapy increased 25(OH) D and 

1,25(OH)2D levels and decreased hepatic inflammation, fibrosis, and 

apoptosis; phototherapy was found to improve IR and increase adiponectin 

levels [161]. These results proposed that the role of vitamin D deficiency 

exacerbates histological features of NAFLD, increases IR and up-regulates 

hepatic inflammatory and oxidative stress genes. 
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Role of vitamin D deficiency, intestinal microbiome and innate immunity 

in NAFLD 

In addition to its metabolic functions, the liver mediates local and 

systemic innate and adaptive immunity [162]. Under physiological conditions 

intestinal epithelium cells prevent bacteria and other toxic products from 

entering portal circulation; however, when this barrier is compromised the liver 

becomes vulnerable to bacterial products, resulting in inflammation [163, 164]. 

It has been reported that patients with NAFLD have increased gut 

permeability and small intestine bacterial overgrowth (SIBO) associated with 

severity of steatosis [165]. Toll-like receptor-4 (TLR-4) which detects a wide 

range of pathogens is associated with molecular patterns including LPS [166].  

There is a correlation between TLR-4 stimulation and development of NAFLD 

which is exacerbated by vitamin D deficiency [167]. TLR-5, which protects 

against infection in the gut mucosa, was found to be overexpressed in 

patients with NAFLD paralleled to control [168]. TLR-9, stimulated by 

bacterial/viral DNA, has been involved in the development of NASH in animal 

models [169].  Accordingly, vitamin D deficient mice fed a western diet 

showed elevated levels of mRNA of TLR-2, TLR-4, and TLR-9 [167]. 

The role of vitamin D on the main constituent of innate immunity such 

as macrophages [169, 170], Kupffer cells, and dendritic cells [171, 172] in the 

development of NAFLD has been intensively studied; however, the 

comprehensive review is further than this thesis. Generally, vitamin D 

influences the adaptive immune system through modulation of both B- and T- 

lymphocyte production of inflammatory cytokines as well as immunoglobulins 

[173].  
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Progression of NAFLD to stages of fibrosis is rare but still potential in some 

cases; liver fibrosis is characterized by accumulation of extracellular matrix 

(ECM) which results in liver cell dysfunction. Hepatic stellate cell activation 

plays a significant role in the development of liver fibrosis, since they 

intensively synthesize ECM proteins, mainly type 1 collagen; the TGF-β1 

signaling pathway mediates this process, since it is the major activating factor 

for pro-fibrotic ECM production [174].  Vitamin D has anti-fibrotic properties 

known to regulate ECM; the effects of vitamin D on HSCs are mediated 

though VDR signaling by suppressing fibrotic gene expression and inhibiting   

proliferation of HSCs [175, 176]. Moreover, a study in human HSCs treated 

with 1, 25(OH)2 D: vitamin D found inhibited production of type 1 collagen and 

subsequently reduced fibrogenesis [177]. 

Management of Patients with NAFLD 

The treatment goals of NAFLD are to reduce hepatic steatosis, prevent 

development of fibrosis and management of the risk factors. The available 

treatment goal is summarized in Table 2. 
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Table 2: Management of NFLD 

 

  

Management Type                               Effects and recommendations 

Lifestyle 
• Weight loss 
• Exercise                                                                                  

 
• Weight loss decreases hepatic steatosis; great weight loss 

is need to improve necro-inflammation 
• Exercise alone in NLFLD subject can improve steatosis but 

its impact to improve liver histology remains unknown 
Insulin sensitizing mediators 

• Metformin 
• Thiazolidinedione 
• Vitamin E 
• Omega -3 fatty acids 

 

 
• Showed no significant effect on liver histopathology 
• In NASH patients significantly improved steatosis, 

inflammation but not fibrosis 
• Improves liver histology in non-diabetic with NASH 800 

IU/day 
• Treat hypertriglyceridemia in NADLD patients 

Bariatric Surgery • Some studies showed improvement or completely resolve 
for steatosis, steatohepatitis and fibrosis.  

Alcoholic consumption •  Reduction of alcoholic consumption is recommended in 
NAFLD patients  

Statin use • To treat dyslipidemia in order to reduce the highly risk of 
cardiovascular diseases in NAFLD and NASH patients 
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Summary of the Existing Literature and Outstanding Questions: 

Vitamin D deficiency is frequently associated with NAFLD and has 

been correlated with disease progression and severity. The anti-inflammatory, 

anti-fibrotic as well as immunomodulatory effects of vitamin D provide 

potential mechanisms by which vitamin D may influence diverse phases of the 

disease from simple steatosis, NASH, fibrosis and even hepatocellular 

carcinoma. IR, known as a pro-inflammatory condition with increased 

oxidative stress and production of pro-inflammatory cytokines in particular 

TNF-α, IL-1β, IL-6, and IL-8, and stimulation of cellular stress signaling 

pathway is a significant factor in the pathogenesis of NAFLD [178]. Vitamin D 

is an anti-inflammatory mediator. Several studies shown that vitamin D 

decreased IR and down- regulate hepatic inflammation and oxidative stress. 

To investigate the effects of Vitamin D on pro-inflammatory cytokines in the 

hepatocyte cell line HepG-2. The transport of molecules between the 

cytoplasm and nucleus is mediated by nuclear pore complexes (NPC); 

importins (α, β) heterodimers are proteins mediate transportation of protein 

containing classical nuclear localization sequence (NLS) which are found in 

RelA (65) and p50 subunits of NF-кB (179); Importin α3 and importin α4 are 

the major importin α isoforms accountable for translocation of NF-кB p50- 

RelA heterodimer on activation of TNF-α. Stimulation of NF-кB play a key role 

in NAFLD pathogenesis, thus inhibition of this transcription factor NF-кB could 

be a major emphasis for the development of a new therapeutic containment of 

NAFLD. Under normal conditions or unstimulated cells, NF-кB exists as 

homo-or heterodimers bound to IкB family proteins this binding prevents, NF-

кB: IкB complex from translocating to the nucleus. Therefore, upregulating of 
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IкB could be considered as a practical way to inhibits NF-кB in therapeutic 

measurements of NAFLD. Vitamin D was proposed to upregulate IкBα by 

increasing expression of its mRNA stability and reduced IкB α phosphorylation 

in Study of lipopolysaccharide murine macrophages (156). In addition to its 

role in maintaining calcium and phosphate hemostasis, vitamin D play a 

crucial role in cell growth, differentiation, proliferation and immunomodulatory 

effects [180]. Vitamin D exerts its effects through vitamin D receptor. VDR is a 

transcription factor that interacts with VDRRE in nucleus and resulting in 

transcription of several genes [180]. VDR is intensively expressed in immune 

cells, such as antigen presented cells like dendritic cells and macrophages 

and stimulated T lymphocytes demonstrating a central role of Vitamin D in 

immune system regulation [181]. It has been reported that VDR signaling can 

suppress fibrotic gene transcription and inhibits proliferation of HSCs [175, 

176]. These revealed studies suggested that vitamin has immunosuppressive 

and immunomodulatory actions.   

 

Central Hypothesis: 

Vitamin D reduces the effect of pro-inflammatory cytokines, TNF-α, IL-

1β, IL-6, and IL-8, in the hepatocyte cell line. 

Specific Aims:  

• Specific Aim 1: To investigate the effects of vitamin D on the 

transcription factor NF-κB, which mediates the effect of TNF-α, IL-1β, 

and IL-8 by measuring the expressions of IкBα and importin alpha-3 

gene mRNAs in the presence and absence of vitamin D 
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• Specific Aim 2:  To examine the anti-inflammatory properties of 

vitamin D on down-regulating the effects of pro-inflammatory cytokines 

on vitamin D metabolizing enzymes, CYP24A1 and CYP27B1 

• Specific Aim 3:  To examine the anti-inflammatory properties of 

vitamin D on down-regulating the effects of pro-inflammatory cytokines 

on Importin α3 and VDR. 

• Specific Aim 4: To assess the effects of vitamin D on anti-

inflammatory cytokine IL-10 on the expression of Importin α-3, 

Cyp24A1, Cyp27B1, IкBα, and VDR.  
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MATERIAL AND METHODS 

Reagents 

 Primary antibodies for VDR (sc-13133), Cyp24A1 (sc-66851), Cyp27B1 

(sc-67261) were obtained from Santa Cruz Biotechnology (Dallas, TX, USA). 

Antibodies for importin α3 (PAS-21749) and importin α4 (PAS- 18238) were 

purchased from Thermo Fisher Scientific (Rockford, IL, USA), and finally, IкBα 

[E 130] ab 323518) was obtained from Abcam Inc. (Cambridge, MA, USA).  

Secondary antibodies such as Alexa Fluor 594 (red) and Alexa Fluor 488 

(green) were obtained from Life Technologies (Grand Island, NY, USA). 

Recombinant cytokines, TNF-α, IL-1β, IL-6, IL-8, and IL-10, were purchased 

from Peprotech (NJ, USA). Calcitriol (Vitamin D3, D1530) was obtained from 

Sigma Aldrich (St, Louis, MO, USA). 

Cell line and culture medium 

 Hepatocellular carcinoma cell line (HepG-2 ATCC #: HB-8065) was 

obtained from ATCC cell bank (Manassas, VA, USA). Cells were cultured in a 

25 cm2 cell flask in Eagle’s Minimum Essential Medium with L-Glutamine 

(EMEM) - obtained from ATCC Manassas, VA, USA) with 10% fetal bovine 

serum and 1% penicillin- streptomycin and were maintained at 37˚C in 5% 

CO2  95% air environment humidified incubators. About 30,000 cells were 

plated in each chamber slide and grown overnight for immunofluorescence 

studies. For RNA extraction, 250,000 - 300,000 cells were grown in 6-well 

plates (70-80% confluent cells). Cells’ growth was arrested by serum 

starvation for 24 hours by changing FBS-containing EMEM with FBS-free 

EMEM. After 24 hour cells were stimulated with calcitriol at different 
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concentrations (25 and 100 nM) in fresh EMEM for 24 hours. Recombinant 

TNF-α, IL-1β,IL-6, IL-8, and IL-10 were used at a dose of 10ng/ml. 

 Cell viability and cytotoxicity measurement using trypan blue dye 

methods was completed. HepG-2 cells were treated with different doses of 

cytokines (5ng/ml, 10ng/ml, 20ng/ml and 50ng/ml) and counted for viability. 

Different readings were obtained and 10ng/ml was found to be the most 

effective dose for HepG-2.      

Immunofluorescence (IF) 

 Immunofluorescence staining was completed for protein expression of 

VDR, Cyp24A1, Cyp27B1, IкBα, importin α3 and importin α4. Briefly, cells 

were grown in a T25 flask, then 30,000 cells were plated in chamber (4 

chambers per slide) followed by fixation with 4% formalin for 10 minutes, cells 

washed and 0.1% triton was added for 15 minutes. After washing, blocking 

solution was added for 30 minutes (5% fetal bovine serum in PBS); this step 

was followed by application of primary antibody for 2 hours at room 

temperature or 4˚C overnight. Cells were washed with PBS three times five 

minutes each followed by incubation with corresponding secondary antibody 

(Alexa Fluor 594 and 488 in 1:1000 dilution) for 30 minutes. Then washing 

and counterstaining with DAPI (4, 6- diamidino-2 phenyl indole).  

Immunofluorescence was used to scan the stained cells. Each experiment 

was repeated three times using different batch of cells. 

RNA isolation and quantification 

Cells were lysed with 1 ml Tri-reagent for 5 minutes (Trizol reagent, 

Sigma, St Louis, MO). Total RNA was extracted from cells according to the 

manufacturer’s guidelines. RNA quantitation was carried out using Nano drop 
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(Thermo Scientific, Rockford, IL, USA). The cDNA was prepared according to 

manufacturer’s instructions by using reverse transcriptase, dNTP, RNase 

inhibitor, MgCL2 and oligo (dT) primers kit (Promega, Madison. WI, USA).  

Real Time PCR (RT-PCR) was accomplished in triplicate using SYBR Green 

and real-time PCR system (CFX96, BioRad Laboratories, and Hercules, CA, 

USA. The primers for different genes were obtained from Integrated DNA 

Technologies (Coralville, IA, USA). The PCR cycling conditions were 5 

minutes at 95°C for initial denaturation, 40 cycles of 30s at 95° C 

(denaturation), 30s at 50-64°C according to primer annealing temperature, 

and 30s at 72°C (extension), followed by melting curve analysis.  Calculation 

of relative gene expression was carried out based on the differences in the 

threshold cycles (Ct). The results were normalized against GAPDH. Primer 

size and sequences are summarized in Table 3. 
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Table 3:  Primer sequences used for mRNA analysis. 

 

 

Statistical analysis 

All data are reported as ± SEM. Statistical analysis was performed using the 

Graph Pad prism 4.0 biochemical statistical package (Graph pad prism 

software, Inc., Sa Diego, CA) for data analysis and plot graphs, with one-way 

Analysis of Variance (ANOVA) for statistically significant differences between 

groups, followed by Post–hoc test, either Dunnett or Bonferroni’s test, for 

comparison between groups. A p value (*p <0.05, ** p < 0.001, *** p < 0.0001) 

was considered statistically significant. 

 

Gene Forward Primer Reverse Primer  

GAPDH 5’- GGG AAG GTG AAG GTC GGA 

GT-3’ 

5’- TTG AGG TCA ATG AAG 

GGG TCA-3’ 

VDR 5’- CTT CAG GCG AAG CAT GAA 

GC-3’ 

5’- CCT TCA TCA TGC CGA TGT 

CC-3’ 

Cyp24A1 5’- CAA ACC GTG GAA GGC CTA 

TC-3’ 

5’- AGT CTT CCC CTT CCA GGA 

TCA-3’ 

Cyp27B1 5’- TGG CCC AGA TCC TAA CAC 

ATT T-3’ 

5’- GTC CGG GTC TTG GGT CTA 

ACT-3’ 

IкBα 5-’ACA CTA GAA AAC TTC AGA 

TGC-3 

5’- ACA CAG TCA TCA TAG GGC 

AG-3’ 

Importin 

α3 

5’- TGT GAG CAA GCA GTG TGG 

GCA-3’ 

5’- TGG TGG TGG GTC TTT GTG 

GCG-3’ 
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RESULTS 

1. Effect of TNF-α and Vitamin D on Vitamin D receptors in HepG-2 

cells:   

The HepG2 cells were cultured and treated with 10ng/ml of TNF-α for 24 

hours in the presence and absence of 25 or 100 ng/ml calcitriol. After 

treatment, cells were washed and fixed for immunofluorescence. The 

immunofluorescence staining of VDR expression in HepG-2 cells showed 

the highest immunoreactivity in calcitriol-treated cells followed by 10ng/ml 

TNF-α + 100nM calcitriol, there was a minimal expression of VDR in 

untreated HepG-2 (control); and very low immunoreactivity expression in 

HepG-2 treated with 10ng/ml TNF-α cells. All these findings are 

summarized in (Figure 2).  

TNF-α decreases while calcitriol increases Vitamin D receptor expression in 

HepG-To further explore the role of calcitriol in the regulation of the effects 

of TNF-α on VDR. The RT-PCR analysis was conducted; the result of the 

R-T PCR showed the unstimulated HepG-2s express VDR. Following 

TNF-α (10ng/L) treatment, there was a significant decrease in mRNA 

expression of VDR in HepG-2.  Adding 100 nM of calcitriol to HepG-2 

treated with 10ng of TNF-α for 24 hours showed increase in mRNA 

expression of VDR to statistically significant level. HepG-2 treated with 

Calcitriol (100nM/L) up-regulated the VDR mRNA expression. Thus, 

calcitriol shown to suppress effect of TNF-α on VDR in HepG-2 (Figure 3). 
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Figure 2: Immunofluorescence staining for effect of TNF-α and vitamin D 

on VDR in HepG-2 cells. Immunofluorescence studies were completed for 

the expression of VDR in HepG-2 cells after treating cells with TNF-α with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of VDR [image A (untreated HepG-2), D (HepG-2 treated with 

TNF-α), G (HepG-2 treated with TNF-α and calcitriol) and J (HepG-2 treated 

with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a descriptive image of three separated experiments. 
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Figure 3: RT-PCR analysis for the effects of TNF-α and Vitamin D on 

VDR gene expression. 

  HepG-2 cells were serum starved for 24 hour followed by treatment with 

TNF-α in the presence and absence of different doses calcitriol (25-100 nm) 

for 24 hours. The extracted RNA was subjected to RT-PCR for VDR 

expression. Figure shows fold change in mRNA expression of VDR. Data are 

shown as mean ± SD from three individual experiments; P< 0.05 
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2. Effect of TNF-α and Vitamin D on Cyp24A1 in HepG-2 cells 

HepG2 cells were cultured and treated with 10ng/ml of TNF-α for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence. The 

immunofluorescence staining of cyp24A1 expression in HepG-2 cells showed 

the highest immunoreactivity in TNF-α (10ng/L) Compared to others treated 

cells. Cyp24A1 showed nuclear expression in hepG-2. All these findings are 

summarized in (Figure 4).  

TNF-α increases while calcitriol decreases Cyp24A1 expression in HepG-2 

Additionally, The RT-PCR study reported that unstimulated HepG-2s 

express cyp24A1, application of TNF-α (10ng/L) significantly (p< 0.05) 

induced mRNA expression of cyp24A1, adding (25,100nM) of calcitriol to 

10ng of TNFα, suppressed the effect of TNF-α by reduced the mRNA 

expression of Cyp24A1 but not to the significant level (P> 0.05). Whereas 

25nM calcitriol was significantly reduce cyp24A1 to its normal levels; these 

results suggest that calcitriol down- regulate the effect of TNF-α on Cyp24A1 

in HepG-2 by maintaining Cyp24A1 expression (Figure 5). 
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Figure 4:  Immunofluorescence staining of the effects of TNF-α on 

Cyp24A1 in HepG-2. Immunofluorescence studies were completed for the 

expression of cyp24A1 in HepG-2 cells after treating cells with TNF-α with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of Cyp24A1 [ image A (untreated HepG-2), D (HepG-2 treated 

with TNF-α), G (HepG-2 treated with TNF-α and calcitriol) and J (HepG-2 

treated with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain 

nucleus. Images C, F, I and L are the merged images of Alexa Fluor and 

DAPI. This is a representative image of three separate experiments. 
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Figure 5: RT-PCR analysis for the effects of TNF-α and Vitamin D on 

cyp24A1 gene expression. 

  HepG-2 cells were serum starved for 24 hour followed by treatment with 

TNF-α in the presence and absence of different doses calcitriol (25-100 nm) 

for 24 hours. The extracted RNA was subjected to RT-PCR for Cyp24A1 

expression. Figure shows fold change in mRNA expression of Cyp24A1. Data 

are shown as mean ± SD from three individual samples; P< 0.05    
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3. Effect of TNF-α and Vitamin D on Cyp27B1 in HepG-2 cells 

HepG2 cells were cultured and treated with 10ng/ml of TNF-α for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence. The 

immunofluorescence staining of cyp27B1 expression in HepG-2 cells treated 

with 10ng/ml TNF-α showed the lowest immunoreactivity compared to others, 

however, treatment with 100nM calcitriol showed the highest immuno-

intensity. Cyp27B1 showed nuclear expression in hepG-2. All these findings 

are summarized in (Figure 6). 

TNF-α decreases while calcitriol increases Cyp27B1 expression in 

HepG-2 

To further explore the role of calcitriol in the regulation of the effects of 

TNF-α on Cyp27B1.  The RT-PCR analysis showed unstimulated HepG-2s 

express Cyp27B1. Following 10ng TNF-α significantly decrease expression of 

Cyp27B1 mRNA (P <0.05). Adding 25 or100nM of calcitriol to HepG-2s 

treated with 10ng of TNF-α, increase the mRNA expression of Cyp27B1 but 

not to the significant levels. 100nM calcitriol for 24 hours significantly 

increased the expression Cyp27B1 mRNA (P< 0.05). These results suggest 

that calcitriol downregulate the effect of TNF-α on Cyp27B1 (Figure 7). 
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Figure 6: Immunofluorescence staining of the effects of TNF-α on 

Cyp27B1 in HepG-2 Immunofluorescence studies were completed for the 

expression of cyp27B1 in HepG-2 cells after treating cells with TNF-α with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of Cyp27B1 [ image A (untreated HepG-2), D (HepG-2 treated 

with TNF-α), G (HepG-2 treated with TNF-α and calcitriol) and J (HepG-2 

treated with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain 

nucleus. Images C, F, I and L are the merged images of Alexa Fluor and 

DAPI. This is a representative image of three separate experiments. 
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Figure 7:  RT-PCR analysis for the effects of TNF-α and Vitamin D on 

Cyp27B1 gene expression. 

HepG-2 cells were serum starved for 24 hour followed by treatment with TNF-

α in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for Cyp24A1 expression. 

Figure shows fold change in mRNA expression of Cyp27B1. Data are shown 

as mean ± SD from three individual samples; P< 0.05    

  



 
 

 44 

4. Effect of TNF-α and Vitamin D on Importin α3 in HepG-2 cells 

HepG2 cells were cultured and treated with 10ng/ml of TNF-α for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence. The 

immunofluorescence staining of Importin α3 expression in HepG-2 cells 

treated with 10ng/ml TNF-α showed the highest immunoreactivity. HepC-2s 

treated with100nM calcitriol showed the lowest immune- sensitivity for 

Importin α3 gene. Importin α3 showed cytoplasmic expression. All these 

findings are summarized in (Figure 8). 

TNF-α increases whereas calcitriol decreases Importin α3 expression in 

HepG-2  

 The RT-PCR showed unstimulated HepG-2s express Importin α3. treatment 

of with 10ng TNF-α for 24 hours significantly increased mRNA expression of 

importin α3 (P < 0.05). Adding of 25 and 100 nM of calcitriol showed 

significantly (P < 0.05) decreased mRNA expression of Importin α3 in HepG-

2. Calcitriol as showed reduces mRNA expression of importin α3 along with 

calcitriol have a higher immunoreactivity.  These data suggest that calcitriol by 

reducing expression of Importin α3 diminished the pro-inflammatory effects of 

TNF-α in HepG-2 (Figure 9). 
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Figure 8: Immunofluorescence staining for the effects of TNF-α on 

importin α3 in HEPG-2 Immunofluorescence studies were completed for the 

expression of importin α3 in HepG-2 cells after treating the cells with TNF-α 

with or without calcitriol. Alexa fluor 488 (green) was used as secondary 

antibody. Expression of importin α3 [ image A (untreated HepG-2), D (HepG-2 

treated with TNF-α), G (HepG-2 treated with TNF-α and calcitriol) and J 

(HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) was used to 

counterstain nucleus. Images C, F, I and L are the merged images of Alexa 

Fluor and DAPI. This is a representative image of three separate experiments. 
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 Figure 9: RT-PCR analysis for the effects of TNF-α and Vitamin D on 

importin α3 gene expression.  HepG-2 cells were serum starved for 24 hour 

followed by treatment with TNF-α in the presence and absence of different 

doses calcitriol (25-100 nm) for 24 hours. The extracted RNA was subjected 

to RT-PCR for importin α3 expression. Figure shows fold change in mRNA 

expression of importin α3. Data are shown as mean ± SD from three 

individual samples; P< 0.05    
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5. Effect of TNF-α and Vitamin D on IкBα in HepG-2 cells 

HepG2 cells were cultured and treated with 10ng/ml of TNF-α for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence. Accordingly, 

immunofluorescence staining expression of IқBα in HepG-2 cells in calcitriol 

treated cells shown the highest immunoreactivity. HepG-2 cells treated with 

10ng/ml TNF-α. Shown the lowest IқBα expression. IкBα showed cytoplasmic 

expression in hepG-2 All these findings are summarized in (Figure 10). 

TNF-α decreases whereas calcitriol increases IκBα expression in HepG-

2.  

To further explore the role of calcitriol in the regulation of the effects of TNF-α 

on IкBα RT-PCR was done; the unstimulated HepG-2s shown mRNA 

expression of IκBα. Following TNF-α (10ng/L) treatment, there was significant 

decrease in mRNA expression of IκBα in HepG-2s; addition of calcitriol 25-

100nM significantly (P<0.05) increase mRNA expression of IκBα. These 

results suggesting that calcitriol is capable to up-regulate the IкBα 

transcription in HepG-2 cell and attenuating TNF-α effects on IкBα in HepG-2 

gene expressions (Figure 11). 
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 Figure 10: Immunofluorescence staining of the effects of TNF-α on 

IкBα in HepG-2 Immunofluorescence studies were completed for the 

expression of IкBα in HepG-2 cells after treating the cells with TNF-α with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of IкBα [ image A (untreated HepG-2), D (HepG-2 treated with 

TNF-α), G (HepG-2 treated with TNF-α and calcitriol) and J (HepG-2 treated 

with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate experiments. 
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Figure 11: RT-PCR analysis for the effects of TNF-α and Vitamin D on 

IкBα gene expression. HepG-2 cells were serum starved for 24 hour 

followed by treatment with TNF-α in the presence and absence of different 

doses calcitriol (25-100 nm) for 24 hours. The extracted RNA was subjected 

to RT-PCR for IкBα expression. Figure shows fold change in mRNA 

expression of IкBα. Data are shown as mean ± SD from three individual 

samples; P< 0.05.  
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6. Effect of IL-6 and Vitamin D on Vitamin D receptors in HepG-2 

cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-6 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells 

were washed and fixed for immunofluorescence staining of VDR expression in 

HepG-2, HepG-2 cells treated with calcitriol shows the highest 

immunoreactivity. treated cells. Cells treated with 10ng/ml Il-6 + 100nM 

calcitriol, the untreated HepG-2s or control, and cells treated with 10ng/mIL-6 

show the analogous immunoreactivity for VDR expression. VDR showed 

nuclear expression in hepG-2. All these outcomes are summarized in Figure 

12. 

 IL-6 decreases whereas calcitriol increases VDR expression in HepG-2. 

 For additional exploration of the role of calcitriol in the regulation of the 

effects of pro-inflammatory cytokine IL-6 on VDR. RT-PCR analysis was 

done. The unstimulated HepG-2 cells shown mRNA expression of VDR; 

treatment with IL-6 (10ng/ml) significantly decreased mRNA expression of 

VDR (P < 0.05); calcitriol significantly (P < 0.05) enhanced the mRNA 

expression of VDR in HepG-2. It is incredible in this study how calcitriol 

suppresses the effects IL-6 on VDR (Figure 13).  
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Figure 12: Immunofluorescence staining for effect of IL-6 and 

vitamin D on VDR in HepG-2 cells. Immunofluorescence studies were 

completed for the expression of VDR in HepG-2 cells after treating cells 

with IL-6 with or without calcitriol. Alexa fluor 594 (red) was used as 

secondary antibody. Expression of VDR [ image A (untreated HepG-2), D 

(HepG-2 treated with IL-6), G (HepG-2 treated with Il-6 and calcitriol) and 

J (HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) was used to 

counterstain nucleus. Images C, F, I and L are the merged images of 

Alexa Fluor and DAPI. This is a representative image of three separate 

experiments. 
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Figure 13:  RT-PCR analysis for the effects of IL-6 and Vitamin D on 

VDR  

HepG-2 cells were serum starved for 24 hour followed by treatment with 

Il-6 in the presence and absence of different doses calcitriol (25-100 nm) 

for 24 hours. The extracted RNA was subjected to RT-PCR for VDR 

expression. Figure shows fold change in mRNA expression of VDR. Data 

are shown as mean ± SD from three individual experimental samples; P< 

0.05. 

 

    

 

                                                              



 
 

 53 

7. Effect of IL-6 and Vitamin D on Cyp24A1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-6 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence staining. The 

Cyp24A1 expression in HepG-2 cells treated with 10ng/ml IL-6 showed the 

highest immunoreactivity compared to control; others have the similar 

immunoreactivity. Cyp24A1 showed nuclear expression in hepG-2. All 

these findings are summarized in (Figure 14).  

IL-6 increases while calcitriol decreases Cyp24A1 expression in 

HepG-2  

To further explore the role of calcitriol in the regulation of the effects of IL-6 

on Cyp24A1 gene expression.  RT-PCR was done; the he RT-PCR study 

informed that unstimulated HepG-2s express cyp24A1, treatment of IL-6 

(10ng/L) insignificantly (p> 0.05) induced mRNA expression of cyp24A1, 

adding (100nM) of calcitriol to 10ng of IL-6 significantly increased the 

mRNA expression of cyp24A1 (p <0.05) (Figure 15). 
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Figure 14:  Immunofluorescence staining for effect of IL-6 and 

vitamin D on Cyp24A1 in HepG-2 cells. Immunofluorescence studies 

were completed for the expression of cyp24A1 in HepG-2 cells after 

treating cells with IL-6 with or without calcitriol. Alexa fluor 594 (red) was 

used as secondary antibody. Expression of cyp24A1 [ image A (untreated 

HepG-2), D (HepG-2 treated with IL-6), G (HepG-2 treated with Il-6 and 

calcitriol) and J (HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) 

was used to counterstain nucleus. Images C, F, I and L are the merged 

images of Alexa Fluor and DAPI. This is a representative image of three 

separate experiments. 
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      Figure 15:  RT-PCR analysis for the effects of IL-6 and Vitamin D on 

Cyp24A1 

HepG-2 cells were serum starved for 24 hour followed by treatment with 

Il-6 in the presence and absence of different doses calcitriol (25-100 nM) 

for 24 hours. The extracted RNA was subjected to RT-PCR for Cyp24A1 

expression. Figure shows fold change in mRNA expression of Cyp24A1. 

Data are shown as mean ± SD from three individual samples; P< 0.05. 
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8. Effect of IL-6 and Vitamin D on Cyp27B1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-6 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence staining. HepG-2 treated with 

10ng/ml IL-6 showed the lowest immunoreactivity compared to others, 

however, treatment with 100nM calcitriol showed the highest 

immunoreactivity. Cyp27B1 showed nuclear expression in HepG-2.  All these 

findings are summarized in (Figure 16). 

IL-6 and calcitriol deceases Cyp27B1 expression in HepG-2  

To further explore the role of calcitriol in the regulation of the effects of IL-6 on 

Cyp27B1 gene expression The RT-PCR analysis was completed and the 

unstimulated HepG-2s shows Cyp27B1 mRNA expression. Following the 

application 10ng/ml IL-6 decreases expression of Cyp27B1 mRNA with no 

significant. Adding 25 or100nM of calcitriol to HepG-2s treated with 10ng of 

IL-6, increased the mRNA expression of Cyp27B1 but not to the significant 

(Figure 17). 
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Figure 16:  Immunofluorescence staining for effect of IL-6 and 

vitamin D on Cyp27B1 in HepG-2 cells. Immunofluorescence studies 

were completed for the expression of cyp27B1 in HepG-2 cells after 

treating cells with IL-6 with or without calcitriol. Alexa fluor 594 (red) was 

used as secondary antibody. Expression of cyp27B1 [image A (untreated 

HepG-2), D (HepG-2 treated with IL-6), G (HepG-2 treated with Il-6 and 

calcitriol) and J (HepG-2 treated with calcitriol only)]. DAPI (B, E, H and 

K) was used to counterstain nucleus. Images C, F, I and L are the 

merged images of Alexa Fluor and DAPI. This is a representative image 

of three separate experiments. 
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Figure 17:  RT-PCR analysis for the effects of IL-6 and Vitamin D on 

Cyp27B1 

HepG-2 cells were serum starved for 24 hour followed by treatment with Il-6 in 

the presence and absence of different doses calcitriol (25-100 nM) for 24 

hours. The extracted RNA was subjected to RT-PCR for Cyp27B1 expression. 

Figure shows fold change in mRNA expression of Cyp24A1. Data are shown 

as mean ± SD from three individual samples; P< 0.05. 
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9. Effect of IL-6 and Vitamin D on IкBα in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-6 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence staining. Accordingly, 

immunofluorescence staining of expression IқBα in HepG-2s showed the 

highest immunoreactivity in calcitriol treated cells followed by 10ng/ml IL-6 

+100nM calcitriol, the control, and the lowest immunoreactivity with cells 

treated with 10ng/ml IL-6. IқBα showed cytoplasmic expression in hepG-2.  All 

these findings are summarized in (Figure 18).  

IL-6 decreases whereas calcitriol increases IκBα expression in HepG-2  

To further explore the role of calcitriol in the regulation of the effects of IL-6 on 

IкBα gene expression. RT-PCR experiment was done; the unstimulated 

HepG-2 cells shown expression of IκBα mRNA. Following (10ng/L) Il-6 

treatment, there was insignificant decrease in mRNA expression of IκBα in 

HepG-2s; adding of calcitriol 100nM significantly (P<0.05) increase mRNA 

expression of IκBα.These data suggesting that calcitriol is capable to up-

regulate the IкBα transcription in HepG-2 cells and attenuating IL-6 effects on 

IкBα in HepG-2 gene expression (Figure 19). 
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Figure 18:  Immunofluorescence staining for the effects of IL-6 on IкBα 

in HepG-2 Immunofluorescence studies were completed for the expression of 

IкBα in HepG-2 cells after treating the cells with IL-6 with or without calcitriol. 

Alexa fluor 488 (green) was used as secondary antibody. Expression of IкBα [ 

image A (untreated HepG-2), D (HepG-2 treated with IL-6), G (HepG-2 

treated with IL-6 and calcitriol) and J (HepG-2 treated with calcitriol only)]. 

DAPI (B, E, H and K) was used to counterstain nucleus. Images C, F, I and L 

are the merged images of Alexa Fluor and DAPI. This is a representative   

image of three separate experiments. 
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Figure 19:  RT-PCR analysis for the effects of IL-6 and Vitamin D on IкBα 

HepG-2 cells were serum starved for 24 hour followed by treatment with Il-6 in 

the presence and absence of different doses calcitriol (25-100 nM) for 24 

hours. The extracted RNA was subjected to RT-PCR for IкBα expression. 

Figure shows fold change in mRNA expression of IкBα. Data are shown as 

mean ± SD from three individual samples; P< 0.05. 
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10. Effect of IL-6 and Vitamin D on Importin α3 in HepG-2 cells 

HepG2 cells were cultured and treated with 10ng/ml of IL-6 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence staining. Immunofluorescence 

staining shown the highest immunoreactivity for importin α3 in HepG-2 treated 

with 10ng/ml IL-6, with the lowest in HepG-2 treated with100nM calcitriol. 

Importin α3 showed cytoplasmic expression.  All these findings are 

summarized in (Figure 20).  

IL-6 increases whereas calcitriol decreases Importin α3 expression in 

HepG-2 The RT-PCR analysis shown unstimulated HepG-2 cell express 

Importin α3; treatment with 10ng IL-6 for 24 hours insignificantly increased 

mRNA expression of importin α3 (P > 0.05). Adding of 25 or 100 nM of 

calcitriol with 10ng IL-6 showed insignificantly (P > 0.05) decreased mRNA 

expression of Importin α3 in HepG-2. Calcitriol as showed reduces mRNA 

expression of importin α3 along with calcitriol have a higher immunoreactivity   

These data suggest that calcitriol by reduces expression of Importin α3 in 

HepG-2 (Figure 21). 
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Figure 20:  Immunofluorescence staining for the effects of IL-6 on 

Importin α3 in HepG-2 Immunofluorescence studies were completed for the 

expression of IкBα in HepG-2 cells after treating the cells with IL-6 with or 

without calcitriol. Alexa fluor 488 (green) was used as secondary antibody. 

Expression of IкBα [image A (untreated HepG-2), D (HepG-2 treated with IL-

6), G (HepG-2 treated with IL-6 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate experiments. 
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Figure 21:  RT-PCR analysis for the effects of IL-6 and Vitamin D on 

Importin α3. HepG-2 cells were serum starved for 24 hour followed by 

treatment with Il-6 in the presence and absence of different doses calcitriol 

(25-100 nM) for 24 hours. The extracted RNA was subjected to RT-PCR for 

Importin α3 expression. Figure shows fold change in mRNA expression of 

Importin α3. Data are shown as mean ± SD from three individual samples; P< 

0.05. 
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11. Effect of IL-8 and Vitamin D on Vitamin D receptors in HepG-2 

cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-8 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence. Immunofluorescence staining of 

VDR expression in HepG-2, shows the highest immunoreactivity in calcitriol 

treated cells. Cells treated with 10ng/ml IL-8. Showed a very low 

immunoreactivity for VDR compared to control and10ng/ml IL-8+ 100nM 

calcitriol treated cells. VDR shown nuclear expression in (Figure 22). 

 IL-8 decreases whereas calcitriol increases VDR expression in HepG-2. RT- 

PCR   analysis of unstimulated HepG-2s shown expression of VDR mRNA; 

treatment with IL-8 (10ng/ml) significantly decreased mRNA expression of 

VDR (P < 0.05); calcitriol significantly (P < 0.05) enhanced the mRNA 

expression of VDR in HepG-2. It is remarkable in this study how calcitriol 

suppresses the effects of IL-8 on VDR gene transcription; this result is 

supported by higher immunoreactivity of VDR.  All these findings are 

summarized in (Figure 23). 
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Figure 22:  Immunofluorescence staining for effect of IL-8 and vitamin D 

on VDR in HepG-2 cells. Immunofluorescence studies were completed for 

the expression of VDR in HepG-2 cells after treating cells with IL-8 with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of VDR [ image A (untreated HepG-2), D (HepG-2 treated with IL-

8), G (HepG-2 treated with IL-8 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate experiments. 
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Figure 23: RT-PCR analysis for the effects of IL-8 and Vitamin D on VDR  

HepG-2 cells were serum starved for 24 hour followed by treatment with Il-8 in 

the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for VDR expression. 

Figure shows fold change in mRNA expression of VDR. Data are shown as 

mean ± SD from three individual experimental samples; P< 0.05. 
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12. Effect of IL-8 and Vitamin D on cyp24A1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-8 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence Expression of Cyp24A1 in Hepg-2 

treated with 10ng/ml IL-8 showed the higher immunoreactivity compared to 

control; others have the similar immunoreactivity. Cyp24A1 showed nuclear 

expression in hepG-2 All these findings are summarized in (Figure 24).  

IL-8 increases while calcitriol decreases Cyp24A1 expression in HepG-2. To 

further explore the role of calcitriol in the regulation of the effects of IL-8 on 

Cyp24A1 gene expression. The RT-PCR study describes that, the 

unstimulated HepG-2s express cyp24A1, treatment with IL-8 (10ng/L) 

significantly (p< 0.05) induced mRNA expression of cyp24A1, adding (25nM) 

of calcitriol to 10ng of IL-8 suppressed the effect of IL-8 by significantly (p 

<0.05) reduced the mRNA expression of Cyp24A1 Whereas 25 -100nM 

calcitriol insignificantly reduce cyp24A1. (Figure 25). 

 

 

 

 

 

 



 
 

 69 

 

Figure 24: Immunofluorescence staining for effect of IL-8 and vitamin D 

on Cyp24A1 in HepG-2 cells. Immunofluorescence studies were completed 

for the expression of VDR in HepG-2 cells after treating cells with IL-8 with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of Cyp24A1 [image A (untreated HepG-2), D (HepG-2 treated with 

IL-8), G (HepG-2 treated with IL-8 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate experiments. 
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Figure 25:  RT-PCR analysis for the effects of IL-8 and Vitamin D on 

Cyp24A1 

HepG-2 cells were serum starved for 24 hour followed by treatment with Il-8 in 

the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for cyp24A1 expression. 

Figure shows fold change in mRNA expression of Cyp24A1. Data are shown 

as mean ± SD from three individual experimental samples; P< 0.05 
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13. Effect of IL-8 and Vitamin D on cyp27B1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-8 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence. HepG-2 treated with 10ng/ml IL-8 

showed the higher immunoreactivity as well as cells treated with 100nM 

calcitriol, others showed similar immunoreactivity. (Figure 26). 

IL-8 and calcitriol decrease Cyp27B1 expression in HepG-2. The RT-PCR 

showed unstimulated HepG-2s express Cyp27B1. Following 10ng/mal IL-8 

increased expression of Cyp27B1 mRNA with no significant. Adding 25 

or100nM of calcitriol to HepG-2s treated with 10ng of IL-8, increased the 

mRNA expression of Cyp27B1 but not to the significant levels. 100nM 

calcitriol significantly increased the expression Cyp27B1 mRNA (P< 0.05). 

Cells treated with calcitriol showed higher immunoreactivity (Figure 27). 

 

 

 

 

 

 

 

 

 



 
 

 72 

Figure 26:  Immunofluorescence staining for effect of IL-8 and vitamin D 

on Cyp27B1 in HepG-2 cells. Immunofluorescence studies were completed 

for the expression of cyp27B1 in HepG-2 cells after treating cells with IL-8 

with or without calcitriol. Alexa fluor 594 (red) was used as secondary 

antibody. Expression of Cyp27B 1 [ image A (untreated HepG-2), D (HepG-2 

treated with IL-8), G (HepG-2 treated with IL-8 and calcitriol) and J (HepG-2 

treated with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain 

nucleus. Images C, F, I and L are the merged images of Alexa Fluor and 

DAPI. This is a representative image of three separate experiments. 
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Figure 27: RT-PCR analysis for the effects of IL-8 and Vitamin D on 

Cyp27B1 

HepG-2 cells were serum starved for 24 hour followed by treatment with Il-8 in 

the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for cyp27B1 expression. 

Figure shows fold change in mRNA expression of Cyp27B1. Data are shown 

as mean ± SD from three individual experimental samples; P< 0.05. 

 

 

 

 



 
 

 74 

14. Effect of IL-8 and Vitamin D on IкBα in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-8 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence. Accordingly, HepG-2 cells treated 

with calcitriol shown the highest immunoreactivity. HepG-2 cells treated with 

10ng/ml IL-8, the control, and10ng/ml IL-8+100 nM shown the similar 

immunoreactivity. IқBα showed cytoplasmic expression in HepG-2 (Figure 

28). 

 IL-8 decreases whereas calcitriol increases IκBα expression in HepG-2 

 To further explore the role of calcitriol in the regulation of the effects of IL-8 

on IкBα gene expression; RT-PCR was done and the analysis shown 

unstimulated HepG-2s expressed mRNA of IκBα. Following Il-8 (10ng/L) 

treatment, there was insignificantly decreased in mRNA expression of IκBα in 

HepG-2s (P > 0.05); adding of calcitriol (100nM) significantly (P<0.05) 

increase mRNA expression of IκBα.  All findings are summarized in (Figure 

29). These data indicate that IL-8 has a limited effect on the suppression of 

IкBα gene expression in HepG-2.  
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Figure 28:  Immunofluorescence staining for effect of IL-8 and vitamin D 

on IкBα in HepG-2 cells. Immunofluorescence studies were completed for 

the expression of IкBα in HepG-2 cells after treating cells with IL-8 with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of IkBα [ image A (untreated HepG-2), D (HepG-2 treated with IL-

8), G (HepG-2 treated with IL-8 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate experiments. 



 
 

 76 

 

Figure 29:  RT-PCR analysis for the effects of IL-8 and Vitamin D on IкBα 

 HepG-2 cells were serum starved for 24 hour followed by treatment with Il-8 

in the presence and absence of different doses calcitriol (25-100 nM) for 24 

hours. The extracted RNA was subjected to RT-PCR for IкBα expression. 

Figure shows fold change in mRNA expression of IкBα. Data are shown as 

mean ± SD from three individual experimental samples; P< 0.05. 
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15. Effect of IL-8 and Vitamin D on Importin α3 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-8 for 24 hours in the 

presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells were 

washed and fixed for immunofluorescence. Immunofluorescence staining 

showed the highest immunoreactivity for importin α3 in HepG-2 treated with 

10ng/ml IL-8, with the lowest in HepG-2 treated with100nM calcitriol. Importin 

α3 showed cytoplasmic expression. All these findings are summarized in 

(Figure 30).  

 IL-8 increases whereas calcitriol decreases Importin α3 expression in 

HepG-2 The RT-PCR showed unstimulated HepG-2 cells express Importin 

α3. Treatment with 10ng IL-18 for 24 hours significantly increased mRNA 

expression of importin α3 (P < 0.05). Adding of 25 or 100 nM of calcitriol 

showed significantly (P < 0.05) decreased mRNA expression of Importin α3 in 

HepG-2. Calcitriol as shown the capability to reduce mRNA expression of 

importin α3 in HepG-2 cells. These data suggest that calcitriol by reducing 

expression of Importin α3 diminished the pro-inflammatory effects of IL-8 in 

HepG-2 (Figure 31). 
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Figure 30:  Immunofluorescence staining for the effects of IL-8 on 

importin α3 in HepG-2 Immunofluorescence studies were completed for the 

expression of importin α3 in HepG-2 cells after treating the cells with IL-8 with 

or without calcitriol. Alexa fluor 488 (green) was used as secondary antibody. 

Expression of Importin α3 [ image A (untreated HepG-2), D (HepG-2 treated 

with IL-8), G (HepG-2 treated with IL-8 and calcitriol) and J (HepG-2 treated 

with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate experiments.  
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Figure 31:  RT-PCR analysis for the effects of IL-8 and Vitamin D on 

Importin α3. HepG-2 cells were serum starved for 24 hour followed by 

treatment with Il-8 in the presence and absence of different doses calcitriol 

(25-100 nm) for 24 hours. The extracted RNA was subjected to RT-PCR for 

importin α3 expression. Figure shows fold change in mRNA expression of 

Importin α3. Data are shown as mean ± SD from three individual experimental 

samples; P< 0.05. 
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16. Effect of IL-10 and Vitamin D on Vitamin D receptors in HepG-2 

cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-10 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells 

were washed and fixed for immunofluorescence. Immunofluorescence 

staining of VDR expression in HepG-2 cells treated with 10ng/ml IL-10 +100 

nM calcitriol shown the highest immunoreactivity.  HepG-2 cells treated with 

10ng/ml IL-10 and 100nM calcitriol shown the similar immunoreactivity. VDR 

showed nuclear expression in hepG-2. These data suggest that calcitriol 

potentiates the effects of IL-10 in up-regulation of VDR gene expression in 

HepG-2 cells. All these findings are summarized in (Figure 32).  

IL-10 and calcitriol increases VDR mRNA expression in HepG-2. RT-PCR 

analysis of unstimulated HePG-2 cells displays the expression of VDR mRNA; 

treatment with IL-10 (10ng/ml) significantly increased mRNA expression of 

VDR (P < 0.05); calcitriol significantly (P < 0.05) increased the mRNA 

expression of VDR in HepG-2. It is prominent in this study how calcitriol 

enhanced the anti- inflammatory effects of IL-10 on VDR (Figure 33).   
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Figure 32: Immunofluorescence staining for effect of IL-10 and vitamin D 

on VDR in HepG-2 cells. Immunofluorescence studies were completed for 

the expression of VDR in HepG-2 cells after treating cells with IL-10 with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of VDR [image A (untreated HepG-2), D (HepG-2 treated with IL-

10), G (HepG-2 treated with IL-10 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separated samples. 
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Figure 33:  RT-PCR analysis for the effects of IL-10 and Vitamin D on 

VDR 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-10 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for VDR gene 

expression. Figure shows fold change in mRNA expression of VDR. Data is 

shown as mean ± SD from three individual experimental samples; P< 0.05. 
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17. Effect of IL-10 and Vitamin D on Cyp24A1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-10 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells 

were washed and fixed for immunofluorescence.  Expression of Cyp24A1 in 

HepG-2 treated with 10ng/ml IL-10 + 100nM calcitriol showed the higher 

immunoreactivity compared to control; others have the similar 

immunoreactivity. Cyp24A1 showed nuclear expression. All these findings are 

summarized in (Figure 34). 

IL-10 has insignificant effect on Cyp24A1 mRNA expression in HepG-2 

The RT-PCR study reported that unstimulated HepG-2s express cyp24A1, 

treatment with IL-10 (10ng/L) has unchanged effect on mRNA expression of 

cyp24A1, adding of 100nM calcitriol to 10ng of IL-10 significantly increased 

mRNA expression of Cyp24A1 Whereas 25 -100nM calcitriol showed no 

effects on mRNA expression of Cyp24A1. These results are in common with 

IF which showed a similar immunoreactivity. (Figure 35). 
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Figure 34:  Immunofluorescence staining for effect of IL-10 and vitamin 

D on Cyp24A1 in HepG-2 cells. Immunofluorescence studies were 

completed for the expression of cyp24A1 in HepG-2 cells, after treating cells 

with IL-10 with or without calcitriol. Alexa fluor 488 (green) was used as 

secondary antibody. Expression of cyp24A1 [image A (untreated HepG-2), D 

(HepG-2 treated with IL-10), G (HepG-2 treated with IL-10 and calcitriol) and J 

(HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) was used to 

counterstain nucleus. Images C, F, I and L are the merged images of Alexa 

Fluor and DAPI. This a representative image of three separate samples. 
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Figure 35:  RT-PCR analysis for the effects of IL-10 and Vitamin D on 

Cyp24A1 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-10 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for cyp24A1 gene 

expression. Figure shows fold change in mRNA expression of Cyp24A1. Data 

are shown as mean ± SD from three individual experimental samples; P< 

0.05. 
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18. Effect of IL-10 and Vitamin D on Cyp27B1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-10 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells 

were washed and fixed for immunofluorescence. HepG-2 treated with 10ng/ml 

IL-10 showed the higher immunoreactivity expression of cyp27B1 as well as 

cells treated with 100nM calcitriol, others showed similar immunoreactivity. 

Cyp27B1 showed nuclear expression in hepG-2. All these findings are 

summarized in (Figure 36).  

IL-10 increases Cyp27B1 mRNA expression in HepG-2. The RT-PCR 

analysis shown that unstimulated HepG-2 cells express Cyp27B1. Application 

of 10ng/ml IL-10 significantly increased expression of Cyp27B1 mRNA (P < 

0.05). Adding 25 or100nM of calcitriol to HepG-2 cells treated with 10ng of IL-

10 as well as calcitriol alone showed insignificant effects on Cyp27B1 mRNA 

expression (Figure 37). 
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Figure 36:  Immunofluorescence staining for effect of IL-10 and vitamin 

D on Cyp27B1 in HepG-2 cells. Immunofluorescence studies were 

completed for the expression of cyp27B1 in HepG-2 cells after treating cells 

with IL-10 with or without calcitriol. Alexa fluor 594 (red) was used as 

secondary antibody. Expression of cyp27B1 [image A (untreated HepG-2), D 

(HepG-2 treated with IL-10), G (HepG-2 treated with IL-10 and calcitriol) and J 

(HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) was used to 

counterstain nucleus. Images C, F, I and L are the merged images of images 

of Alexa Fluor and DAPI. This is a representative image of three separate 

samples. 



 
 

 88 

 

Figure 37:  RT-PCR analysis for the effects of IL-10 and Vitamin D on 

Cyp27B1 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-10 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for cyp27B1 gene 

expression. Figure shows fold change in mRNA expression of Cyp27B1. Data 

are shown as mean ± SD from three individual experimental samples; P< 

0.05. 
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19. Effect of IL-10 and Vitamin D on IкBα in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-10 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells 

were washed and fixed for immunofluorescence. Accordingly, 

immunofluorescence staining of HepG-2 cells treated with10ng/ml IL-10 

showed the highest immunoreactivity expression of IкBα, followed by IL-10 + 

100nM the.  IқBα showed cytoplasmic expression in hepG-2. All these 

findings are summarized in (Figure 38). IL-10 and calcitriol increase IκBα 

mRNA expression in HepG-2  

 RT-PCR analysis of unstimulated HepG-2 cells shown expression of IκBα 

mRNA; treatment with IL-10 (10ng/ml) insignificantly increased mRNA 

expression of IκBα; adding 25 nM calcitriol to 10ng/ml IL-10 significantly (P < 

0.05) increased the mRNA expression of IκBα in HepG-2. It is protrusive in 

this study how calcitriol enhances the anti- inflammatory the effects IL-10 on 

IκBα expression (Figure 39). 

 

 

 

 

 

 

 



 
 

 90 

 

Figure 38: Immunofluorescence staining for effect of IL-10 and vitamin D 

on IкBα in HepG-2 cells. Immunofluorescence studies were completed for 

the expression of IкBα in HepG-2 cells, after treating cells with IL-10 with or 

without calcitriol. Alexa fluor 488 (green) was used as secondary antibody. 

Expression of IкBα [image A (untreated HepG-2), D (HepG-2 treated with IL-

10), G (HepG-2 treated with IL-10 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This 

image is a representative of three separate samples. 
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Figure 39.  RT-PCR analysis for the effects of IL-10 and Vitamin D on 

IкBα 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-10 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for IкBα gene 

expression. Figure shows fold change in mRNA expression of IкBα. Data are 

shown as mean ± SD from three individual experimental samples; P< 0.05. 
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20. Effect of IL-10 and Vitamin D on Importin α3 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-10 for 24 hours in 

the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, cells 

were washed and fixed for immunofluorescence staining HepG-2 treated with 

10ng/ml IL-10 and 100nM calcitriol shown the lowest immunoreactivity for 

importin α3 protein expression in compared to control. Importin α3 showed 

cytoplasmic expression All these findings are summarized in (Figure 40). 

IL-10 and calcitriol decrease importin α3 mRNA expression in HepG-2.  

RT-PCR analysis of unstimulated HepG-2 cells shown expression of importin 

α3 mRNA; treatment with IL-10 (10ng/ml) significantly decreased mRNA 

expression of importin α3 (P < 0.05); calcitriol significantly (P < 0.05) 

decreased the mRNA expression of importin α3 in HepG-2. It is noticeable in 

this study how calcitriol enhanced the anti- inflammatory the effects IL-10 by 

reducing mRNA expression of importin α3 (Figure 41).  
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Figure 40: Immunofluorescence staining for effect of IL-10 and vitamin 

D on Importin α3 in HepG-2 cells. Immunofluorescence studies were 

completed for the expression of IкBα in HepG-2 cells, after treating cells with 

IL-10 with or without calcitriol. Alexa fluor 488 (green) was used as secondary 

antibody. Expression of IкBα [image A (untreated HepG-2), D (HepG-2 treated 

with IL-10), G (HepG-2 treated with IL-10 and calcitriol) and J (HepG-2 treated 

with calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three separate samples. 
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Figure 41:  RT-PCR analysis for the effects of IL-10 and Vitamin D on 

importin α3. HepG-2 cells were serum starved for 24 hour followed by 

treatment with IL-10 in the presence and absence of different doses calcitriol 

(25-100 nm) for 24 hours. The extracted RNA was subjected to RT-PCR for 

importin α3 gene expression. Figure shows fold change in mRNA expression 

of Importin α3. Data are shown as mean ± SD from three individual 

experimental samples; P< 0.05. 

 

 

 

 



 
 

 95 

21. Effect of IL-1β and Vitamin D on vitamin D Receptor in HepG-2 

cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-1β for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence staining. 

Immunofluorescence staining of VDR expression in HepG-2, shown the 

highest immunoreactivity for cells treated with 10ng/ml IL-1β +100 nM 

calcitriol. 10ng/ml IL-1β and 100nM calcitriol treated cells shown the 

similar immunoreactivity. VDR showed nuclear expression in hepG-2. All 

these findings are summarized in (Figure 42). 

 IL-1β and calcitriol increase Vitamin D receptor expression in HepG-

2.  The RT-PCR analysis shows that unstimulated HepG-2s express VDR. 

Treatment of IL 1β (10ng/L) treatment shown significantly (p< 0.05) 

increases mRNA expression of VDR in HepG-2 cell. Calcitriol as well as 

IL-1β shown to enhance mRNA expression of VDR in HepG-2 (Figure 43). 
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Figure 42: Immunofluorescence staining for effect of IL-1β and vitamin D 

on VDR in HepG-2 cells. Immunofluorescence studies were completed for 

the expression of VDR in HepG-2 cells after treating cells with IL-10 with or 

without calcitriol. Alexa fluor 594 (red) was used as secondary antibody. 

Expression of VDR [ image A (untreated HepG-2), D (HepG-2 treated with IL-

10), G (HepG-2 treated with IL-10 and calcitriol) and J (HepG-2 treated with 

calcitriol only)]. DAPI (B, E, H and K) was used to counterstain nucleus. 

Images C, F, I and L are the merged images of Alexa Fluor and DAPI. This is 

a representative image of three individual samples. 
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Figure 43:  RT-PCR analysis for the effects of IL-1β and Vitamin D on 

VDR. HepG-2 cells were serum starved for 24 hour followed by treatment with 

IL-1β in the presence and absence of different doses calcitriol (25-100 nm) for 

24 hours. The extracted RNA was subjected to RT-PCR for VDR gene 

expression. Figure shows fold change in mRNA expression of VDR Data are 

shown as mean ± SD from three individual experimental samples; P< 0.05. 
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22. Effect of IL-1β and Vitamin D on cyp24A1 in HepG-2 cells  

1. HepG2 cells were cultured and treated with 10ng/ml of IL-1β for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After 

treatment, cells were washed and fixed for immunofluorescence staining. 

Expression of Cyp24A1 in HepG-2 treated with 10ng/ml IL-1β + 100nM 

calcitriol, 10ng/ml IL-1β and with 100nM calcitriol showed the higher 

immunoreactivity compared to control; Cyp24A1 showed nuclear 

expression in HepG-2. All these findings are summarized in (Figure 44). 

2.  IL-1β increases while calcitriol decreases Cyp24A1 expression in 

HepG-2. The RT-PCR study describes that unstimulated HepG-2s 

expresses cyp24A1, application of IL-1β (10ng/L) significantly (p< 0.05) 

induces mRNA expression of cyp24A1, adding (25-100nM) of calcitriol to 

10ng of IL-1β, suppressed the effect of IL-1β by significantly (p <0.05) 

reduced the mRNA expression of Cyp24A1 Whereas 25nM calcitriol was 

significantly reduce cyp24A1 to its normal levels. As showed adding 

calcitriol reduced immunoreactivity of Cyp24A1. These results suggest 

that calcitriol down- regulate the effect of on Cyp24A1 in HepG-2 by 

maintaining Cyp24A1 gene expression. (Figure 45). 
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Figure 44: Immunofluorescence staining for effect of IL-1β and vitamin 

D on Cyp24A1 in HepG-2 cells. Immunofluorescence studies were 

completed for the expression of cyp24A1 in HepG-2 cells after treating cells 

with IL-1β with or without calcitriol. Alexa fluor 594 (red) was used as 

secondary antibody. Expression of cyp24A1 [ image A (untreated HepG-2), D 

(HepG-2 treated with IL-1β), G (HepG-2 treated with IL-1β and calcitriol) and J 

(HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) was used to 

counterstain nucleus. Images C, F, I and L are the merged images of images 

of Alexa Fluor and DAPI. This is a representative image of three separate 

samples.  
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Figure 45:  RT-PCR analysis for the effects of IL-1β and Vitamin D on 

Cyp24A1 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-1β 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for cyp24A1 gene 

expression. Figure shows fold change in mRNA expression of Cyp24A1. Data 

are shown as mean ± SD from three individual experimental samples; P< 

0.05. 
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23. Effect of IL-1β and Vitamin D on cyp27B1 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-1β for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence staining. Cyp27B1 

expression in HepG-2 treated with 10ng/ml IL-1β + 100nM calcitriol, 

10ng/ml IL-1β and with 100nM calcitriol shown the higher immunoreactivity 

compared to control. Cyp27B1 showed nuclear expression in hepG-2. All 

these findings are summarized in (Figure 46). 

IL-1β and calcitriol increases Cyp27B1 expression in HepG-2. The RT-

PCR shown that unstimulated HepG-2s express Cyp27B1. Addition of 

10ng/mal IL-1β insignificantly increases expression of Cyp27B1 mRNA in 

HepG-2. Application of 25 or 100nM calcitriol to HepG-2s treated with 

10ng of IL-1β, insignificantly increase the mRNA expression of Cyp27B. 

25nM calcitriol significantly increase the expression Cyp27B1 mRNA (P< 

0.05) (Figure 47). 
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Figure 46: Immunofluorescence staining for effect of IL-1β and 

vitamin D on Cyp27B1 in HepG-2 cells. Immunofluorescence studies 

were completed for the expression of cyp27B1 in HepG-2 cells after 

treating cells with IL-1β with or without calcitriol. Alexa fluor 594 (red) was 

used as secondary antibody. Expression of cyp27B1 [image A (untreated 

HepG-2), D (HepG-2 treated with IL-1β), G (HepG-2 treated with IL-1β and 

calcitriol) and J (HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) 

was used to counterstain nucleus. Images C, F, I and L are the merged 

images of images of Alexa Fluor and DAPI. This is a representative image 

of three separate samples. 
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Figure 47:  RT-PCR analysis for the effects of IL-1β and Vitamin D on 

Cyp27B1 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-1β 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for cyp27B1 gene 

expression. Figure shows fold change in mRNA expression of Cyp27B1. Data 

are shown as mean ± SD from three individual experimental samples; P< 

0.05. 
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24. Effect of IL-1β and Vitamin D on IкBα in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-1β for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence staining. 

Accordingly, immunofluorescence staining for IқBα expression in HepG-2, 

cells treated with10ng/ml IL-1β showed the lowest immunoreactivity 

compared to other treatments.  IқBα showed cytoplasmic expression in 

hepG-2. All these findings are summarized in (Figure 48).  

IL-1βdecreases whereas calcitriol increases IκBα expression in HepG-2. 

The unstimulated HepG-2s expressed mRNA of IκBα. Following Il-1β 

(10ng/L) treatment, there was significant decrease in mRNA expression of 

IκBα in HepG-2s (P <0.05); addition of calcitriol (100nM) significantly 

(P<0.05) increase mRNA expression of IκBα in HepG-2 (Figure 49). 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 105 

Figure 48: Immunofluorescence staining for effect of IL-1β and 

vitamin D on IкBα in HepG-2 cells. Immunofluorescence studies were 

completed for the expression of IкBα in HepG-2 cells after treating cells 

with IL-1β with or without calcitriol. Alexa fluor 594 (red) was used as 

secondary antibody. Expression of IkBα [image A (untreated HepG-2), D 

(HepG-2 treated with IL-1β), G (HepG-2 treated with IL-1β and calcitriol) 

and J (HepG-2 treated with calcitriol only)]. DAPI (B, E, H and K) was used 

to counterstain nucleus. Images C, F, I and L are the merged images of 

images of Alexa Fluor and DAPI. This is a representative image of three 

separate samples. 
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Figure 49: RT-PCR analysis for the effects of IL-1β and Vitamin D on 

IкBα 

HepG-2 cells were serum starved for 24 hour followed by treatment with IL-1β 

in the presence and absence of different doses calcitriol (25-100 nm) for 24 

hours. The extracted RNA was subjected to RT-PCR for IкBα gene 

expression. Figure shows fold change in mRNA expression of IкBα. Data are 

shown as mean ± SD from three individual experimental samples; P< 0.05. 
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25. Effect of IL-1β and Vitamin D on Importin α3 in HepG-2 cells  

HepG2 cells were cultured and treated with 10ng/ml of IL-1β for 24 hours 

in the presence and absence of 25 or 100 ng/ml calcitriol. After treatment, 

cells were washed and fixed for immunofluorescence staining. 

Immunofluorescence staining showed the lowest immunoreactivity for 

importin α3 expression in HepG-2 treated with 100nM/ml calcitriol and 

highest in HepG-2 treated with 10ng/ml IL-β. Importin α3 showed 

cytoplasmic expression. All these findings are summarized in (Figure 50). 

IL-1β increases whereas calcitriol decreases Importin α3 expression 

in HepG-2. The RT-PCR shown unstimulated HepG-2s express Importin 

α3. Treatment with 10ng IL-1β for 24 hours significantly increased mRNA 

expression of importin α3 (P < 0.05). Adding of 25 and 100 nM of calcitriol 

significantly (P < 0.05) decreases mRNA expression of Importin α3 in 

HepG-2. Calcitriol as shown to reduce mRNA expression of importin α3 in 

HepG-2 cells. (Figure 51). 
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Figure 50:  Immunofluorescence staining for effect of IL-1β 

and vitamin D on Importin α3 in HepG-2 cells.  

Immunofluorescence studies were completed for the expression of IкBα in 

HepG-2 cells, after treating cells with IL-1β with or without calcitriol. Alexa 

fluor 488 (green) was used as secondary antibody. Expression of IкBα [image 

A (untreated HepG-2), D (HepG-2 treated with IL-1β), G (HepG-2 treated with 

IL-1β and calcitriol) and J (HepG-2 treated with calcitriol only)]. DAPI (B, E, H 

and K) was used to counterstain nucleus. Images C, F, I and L are the 

merged images of Alexa Fluor and DAPI. This is a representative image of 

three separate samples.  
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Figure 51:  RT-PCR analysis for the effects of IL-1β and Vitamin D on 

importin α3. HepG-2 cells were serum starved for 24 hour followed by 

treatment with IL-1β in the presence and absence of different doses calcitriol 

(25-100 nm) for 24 hours. The extracted RNA was subjected to RT-PCR for 

importin α3 gene expression. Figure shows fold change in mRNA expression 

of Importin α3. Data are shown as mean ± SD from three individual 

experimental samples; P< 0.05. 
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DISCUSSION 

NF-кB is a transcription factor present in the cytoplasm of all cell types and 

regulates more than 500 genes as well as inflammatory genes [182]. NF-кB is 

activated by many stimuli, including inflammatory cytokines; this activation 

proceeds through activation of IKK following degradation of IкBα and 

eventually translocation of NF-кB to the nucleus. In this study HepG-2 showed 

expression of IкBα; treatment with TNF- α, IL-1β, IL-6 and IL-8 significantly 

decreased the mRNA and protein expression of IкBα in HepG-2. However, 

application of calcitriol alone or combined with these pro-inflammatory 

cytokines significantly increased the mRNA and protein expression of IкBα in 

HepG-2s. Our results are in accordance with previous studies which showed 

the direct role of calcitriol in decreasing the activity of NF- кB. In the study of 

human keratinocytes, calcitriol was capable of decreasing NF-кB DNA binding 

activity by increasing IкBα protein levels and reducing production of IL-8 [183]. 

Additionally, in pancreatic islet cells, calcitriol significantly down-regulated 

proinflammatory chemokine production and upregulated IкBα expression, 

ultimately reducing the NF-кB translational activity [184]. Finally, calcitriol in 

our study eliminates IкBα degradation induced by TNF-α, IL-1β, IL-6 and IL-8 

in HepG-2; subsequently, upregulation of IкBα expression reduces nuclear 

translocation of NF-кB transcription factor. 
In this study, for the first time, we report the effects of proinflammatory 

cytokines TNF-α, IL-1β, IL-6, IL-8 and IL-10, in the presence and absence of 

calcitriol, on the mRNA and protein expression of importin α3 in HepG-2.  

HepG-2 showed expression of importin α3. These proinflammatory cytokines 

significantly increased mRNA and protein expression of Importin α3 in HepG-
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2s. Our data indicate that calcitriol down-regulates the mRNA and protein 

expression of importin α3. Importin α3, which is a nuclear pore complex 

(protein transporter) that contains the nuclear localization sequence which is 

also found in ReLA (65) and P50 subunits of NF-кB [179]. The study done in 

this laboratory has concluded the role of calcitriol in decreasing the mRNA 

expression of importin α3 gene in Primary Human Bronchial Smooth Muscle 

Cells (HBSMC) [185]. Accordingly, calcitriol reduced the expression of 

importin α3 and subsequently inhibited the translocation of stimulated RelA 

from the cytoplasm to the nucleus of HepG-2s. The nucleocytoplasmic 

transport system is an important mechanism; alteration in its protein 

expressions might affect gene transcription and translocation involving 

activities of NF-кB [186]. The functions of importins and exportins in the 

hepatocytes are not well studied. Therefore, the results of the effects of 

vitamin D in decreasing importin α3 and subsequently inhibiting the 

translocation of NF-кB are significant in alleviating the effects of pro-

inflammatory cytokines in the development of NAFLD.  

Vitamin D catabolic enzyme cyp24A1 is one of the major target genes of 1, 25 

(OH)2 D3; upregulation of the enzyme results in insensibility of the cells 

towards vitamin D and successively reduces its anti-inflammatory and anti-

proliferative properties [187]. Our observation in this study shows that 

proinflammatory cytokines {TNF-α, Il-1β, Il-6 and Il-8} significantly increased 

cyp24A1, the calcitriol degrading enzyme gene expression in HepG-2; 

accordingly, we hypothesize that overexpression of these proinflammatory 

cytokines in every entity of NAFLD (steatosis, steatohepatitis, and fibrosis) 

increases calcitriol catabolism and subsequently contributes to low vitamin D 
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levels associated with NAFLD.  In our experiment, adding calcitriol was 

capable of reducing the expression of cyp24A1 to slightly more than normal 

levels compared to the control samples; even though the physiological 

interpretation of this result is debatable, more studies are needed. We 

hypothesize that a higher dose of Vitamin D is needed to minimize the 

catabolic activity of cyp24A1 upregulated by elevated proinflammatory 

cytokines in NAFLD subjects, and it can be hypothesized that increasing 

cyp24A1 expression associated with pro-inflammatory cytokine activities 

could accelerate the metabolism and decrease the anti-inflammatory action of 

calcitriol in HepG-2.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

The mRNA and protein expressions of cyp27B1 are significantly decreased by 

TNF-α and IL6 in HepG-2. The molecular mechanism underlying this 

phenomenon remains unknown. However, human cyp27B1 promoter has 

several NF-кB binding sites [188]. It has been reported that, upon binding of 

NF-кB, the activity of cyp27B1 promoter is intensely reduced [189]. 

Hypothetically, TNF-α and IL-6 are potent inflammatory cytokines, not only 

increasing the expression of Importin α3 to upregulate the translocation of NF-

кB to the nucleus, but also downregulating the expression of IкBα to liberate 

more NF-кB subunits, which results in reduction of cyp27B1 expression. 

Sustaining physiological levels of cyp27B1 expression and activity maintains 

calcitriol levels and thus restores the biological functions of vitamin D. The 

expression of vitamin D metabolizes enzymes as well as VDR in HepG-2s 

suggest that HepG-2 is capable of metabolizing 1, 25(OH) 2D3 independently. 

IL -10 in this study shown its anti-inflammatory properties by significantly 

reducing (P < 0.05) importin α3 mRNA expression in HepG-2 (fig-31E) and 
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similarly with IF results. These data suggested that IL-10 can inhibit NF-кB 

and subsequently reduce transcription of many pro-inflammatory cytokines, 

including TNF-α, IL-6 and IL-1 [190], [188]. Furthermore, our results shown 

that IL-10 could inhibit NF-кB through up-regulation of IкBα expression; IL-10 

with calcitriol induced mRNA expression of IкBα (fig-31D). In the previous 

study, calcitriol was found to stimulate production of IL-10 in human B-cells 

[191]. Our results suggested that calcitriol potentiated anti-inflammatory 

properties of IL-10 in HepG-2s; nevertheless, the mechanism by which IL-10 

reduced expression of Importin α3 and induced the expression of IкBα in the 

presence of calcitriol and subsequently inhibits NF-кB is yet to be 

investigated. 

Unstimulated HepG-2s showed expression of VDR. Stimulation with TNF-α, 

IL-6, and IL-8 significantly decreased the mRNA and protein expression of 

VDR. Treatment with calcitriol attenuated the effects of these proinflammatory 

cytokines and significantly increased the mRNA and protein expression of 

VDR in HepG-2 (fig-27A, 29A, 30A). However, IL-1β and IL-10 significantly 

increased expression of VDR mRNA as well as calcitriol (fig-37A, 40A). These 

results are showed in IF data (fig- 24, 30). Decreased VDR expression results 

in down-regulation effects of Vitamin D in HepG-2s. The vitamin D receptor 

directly regulates NF-кB in dendritic cells by inhibiting IL-12 transcription 

[190], as well as in mouse embryonic fibroblasts [192]. Vitamin D receptor 

deficiency, as mentioned earlier, is involved in liver injury associated with 

fibrosis [145]. In this study we reported the role of some proinflammatory 

cytokines, such as TNF-α, IL-6, and IL-8, in decreasing the expression of VDR 

in HepG-2, spontaneously reducing the capacity and effectiveness of vitamin 
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D action in HepG-2. IL-1β has been shown to increase mRNA expression of 

Cyp27B1, cyp24A1, and VDR in HepG-2. As mentioned, IL-1β contributes in 

the development of steatosis by down-regulating PPARα promoter activity 

through the NF-кB – dependent mechanism. However, the association 

between IL-1β and calcitriol in the liver has not been reported.  Calcitriol was 

reported to increase production of IL-1β in differentiated human monocytic cell 

line U937 by increasing the expression of Pro-IL-1β through activation of the 

pro IL-1β transcription factor CCAAT enhancer binding protein β (C/EBPβ) 

[193]. The aforementioned study linked calcitriol to pro-inflammatory signaling 

of macrophages. Additionally, calcitriol was found to enhance the synthesis of 

mature IL-1β from the macrophage during Mycobacterium tuberculosis 

infection [193]. As stated above, TLRs in kupffer cells can be activated by 

LPSs and other endotoxins to produce IL-1β. The resulting inflammatory 

response is linked to hepatic steatosis. We hypothesize that anti-microbial 

action of vitamin D plays a key role in preventing Gut-liver axis microbiota; 

mediated by inflammatory signaling molecules and cytokines, vitamin D 

deficiency contributes to NAFLD by increasing endotoxin exposure to the liver 

The association of low vitamin D circulating levels and NAFD has been well 

established and been linked with the disease progression and severity. Our 

data suggest that the anti-inflammatory and anti-fibrotic properties of vitamin 

D provide possible mechanisms by which vitamin D may reduce the effects of 

proinflammatory cytokines and subsequent inflammation that associated with 

NAFLD progression. Most of the inflammatory effects associated with NAFLD 

development are mediated through NF-кB activation. Thus one methods of 

reducing NAFLD progression basically may be determined by inhibiting NF-кB 
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dependent inflammatory pathways. Calcitriol in this study not only down-

regulates the NF-кB activation by upregulating IкBα expression and 

subsequently prevents its phosphorylation and disassociation form NF-кB 

subunits, but also downregulation importin α3 expression and hence prevents 

translocation of liberated NF-кB to the nucleus. Therefore, it could be 

necessary to supplement vitamin D in combination with the treatment of 

NAFLD in order to delay the disease progression (Figure 52).   

 

Limitations of the Study and Outstanding Questions: one of the possible 

limitation is that these studies are in-vitro, which need in vivo studies 

verification; in additional to the lack of signaling transduction studies that 

associated with these molecular alterations. Finally, the possibility role of 

other endogenous mediators other than vitamin D, to control Importin α3 and 

IкBα expression in HepG-2 cannot be excluded.  
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Figure: 52 schematic presentation of immune-modulatory action of 

calcitriol in NAFLD.   Proinflammtory cytokines such as TNF-α, IL-1β, IL-6, 

and IL-8 are produced intensively in NAFLD; they activate NF-κB transcription 

factor by down-regulating IκBα expression leading to its liberation and 

phosphorylation from NF-κB subunits; in addition to up-regulating the 

expression of importin α3, which translocate the NF-κB in to nucleus. Calcitriol 

suppresses the effects of these pro-inflammatory cytokines by increasing 

expression of IκBα thus preventing its phosphorylation and decreasing the 

expression of importin α3 thus inhibiting the freed NF-κB from entering the 

nucleus. Through these methods calcitriol could moderate the ongoing 

chronic inflammation that associated with NAFLD; consequently control the 

disease progression.                                     
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