Serum resistin levels in nonalcoholic fatty liver disease
and their relationship to severity of liver disease
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Abstract

Background: Resistin is a hormone that is linked to the development of insulin resistance (IR), but information on the direct relationship of resistin
levels in humans with nonalcoholic fatty liver disease (NAFLD), and their effect on the histological severity of NAFLD, is lacking.

Objective: The aim of the current study is to determine the circulating resistin levels obtained from patients with NAFLD and to correlate them with
insulin resistance and hepatic histological features.

Methods: Blood samples were collected from 30 consecutive patients with liver-biopsy-proven NAFLD and 30 subjects as controls. Serum resistin
levels were measured. Body mass index (BMI) was calculated for all subjects, and serum insulin, C-peptide, and lipoprotein levels were also
measured.

Results: Mean serum resistin level and BMI in the NAFLD group were significantly higher than in the controls (both P < 0.001). Both men and women
in the NAFLD group had higher mean serum resistin levels than did the men and women in the control group (all P < 0.001). Multivariate analysis
showed that the percentage of hepatic steatosis, sex, BMI, and homeostasis model assessment of insulin resistance [HOMA(IR)] were related to
serum resistin levels.

Conclusion: These data suggest increased resistin levels in NAFLD patients which are related to histological severity of the disease. These findings

support the link between resistin, insulin resistance and BMI in these patients.
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Introduction

Resistinis a 10 kDa protein composed of 94 amino acids. It was cloned in
2001 and was shown to be a thiazolidinedione (TZD)-regulated cytokine
expressed in adipose tissue."?3 The effect of resistin on insulin action
has been extensively investigated in laboratory models.* It was shown
to be involved in hepatic glucose and lipid metabolism and appears to
play a pivotal role in hepatic insulin resistance (IR) induced by high-fat
diet.>® Further studies on animal models suggested that resistin could
represent a link among obesity, insulin resistance, and diabetes.” Data
on the role of this adipokine in insulin sensitivity and obesity in human
studies are controversial.® Some studies indicated that high serum
resistin levels are associated with increased obesity, visceral fat, insulin
resistance, and type 2 diabetes, while others failed to show the same
observations 510"

Nonalcoholic fatty liver disease (NAFLD) represents a spectrum of
disorders characterised by macrovesicular hepatic fat accumulation
occurring in individuals without alcohol consumption. It is a complex
metabolic condition in which both lifestyle and genetic factors play a
pathogenic role.'>'® Moreover, NAFLD has been convincingly associated
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with the metabolic syndrome and insulin resistance.™ Insulin resistance,
through inhibition of lipid oxidation and increased fatty acid and
triglyceride synthesis, is believed to be a key factor in the development
of fatty liver. Moreover, insulin resistance states, such as obesity and
diabetes, are also characterised by altered production of adipokines
(adiponectin, leptin, resistin, TNF, TGF, and plasminogen activator
inhibitor-1). Because activation of inflammatory mechanisms was found
in adipose tissue, it is possible that changes in the resistin concentration
may be involved in the pathogenesis of NAFLD."® Pagano et al reported
that patients with NAFLD were characterised by higher serum resistin
levels in association with the nonalcoholic steatohepatitis (NASH),
whereas no correlation was found with insulin resistance.'® The aim
of our study is to to determine circulating resistin levels obtained from
patients with NAFLD and to correlate its levels with insulin resistance
and hepatic histological features.

Materials and methods

Patients

A total of 30 consecutive patients with liver-biopsy-proven NAFLD
from March 2007 to September 2007 at Cairo University Hospital (Kasr
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El Aini Hospital) were enrolled in this prospective clinical trial. The
30 persons recruited as a control group included healthy subjects who
were matched with the studied patients in terms of age, sex and BMI. All
study patients had had a liver biopsy either during laparoscopic or open
cholecystectomy. All patients signed an informed consent document.
The clinical trial protocol and the consent form were approved by the
Human Investigational Board of Cairo University Hospital. The open
liver biopsies were taken from the inferior border of the liver, while
laparoscopic biopsies were taken from the epigastric port using scissors
and diathermy for adequate haemostasis.

All subjects underwent a detailed clinical and laboratory evaluation,
including liver function tests, markers for hepatitis markers, and
autoantibodies, in addition to upper abdominal ultrasonography. Alcohol
consumption was absent in all subjects. Subjects with a previous or
current history of acute or chronic viral hepatitis, malignant disease,
acute infections, pituitary, adrenal, thyroid and pancreatic disease,
or evidence for any other endocrine disorder, or prolonged use of
corticosteroids or sex hormones were excluded. The controls had normal
liver enzymes and no clinical, laboratory or imaging evidence of liver
disease. Bright liver at ultrasound scanning was defined as an evident
sonographic contrast between hepatic and renal parenchyma, vessel
blurring, focal sparing, and narrowing of the lumen of the hepatic veins,
according to international guidelines."”

Clinical and laboratory evaluation

Overnight (12-hour) fasting samples of serum were obtained from the
study subjects and stored in aliquots at -70 C until assayed. Clinical
and laboratory data were collected on the date that the liver biopsy
was performed. A complete medical history and physical examination
was accomplished in all patients and controls. BMI was calculated
using the following formula: BMI = weight (kg)/height (m)>. Laboratory
evaluation included tests for liver enzymes, glucose, complete blood
count, total cholesterol, triglycerides, viral serology for hepatitis B and
C, and autoantibodies. C-peptide and insulin were measured by direct
chemiluminescent technique, using an ADVIA centre immunoassay
system, Bayer, Germany. The IR index was calculated on the basis of
fasting values of plasma glucose and insulin according to the homeostasis
model assessment for insulin sensitivity (HOMA) model formula:
HOMA(IR) = fasting insulin (mIU/L) x fasting glucose (mmol/L)/22.5.

Resistin was measured using a commercially available sandwich ELISA
kit (MBL International Corporation, Woburn, MA, USA) within the range
of 16-20 000 pg/ml, according to the manufacturer’s instructions. The
absorbance of each well was read using a microplate reader, stat fax
2100 (Awareness Technology, Inc, Palm City, FL, USA).

Liver histology

Liver biopsy specimens were at least 15 mm in length, had been
fixed in neutral-buffered formalin, routinely processed and stained by
haematoxylin and eosin, and Masson’s trichrome stain, for assessment
of fibrosis. All biopsies had the appropriate number of portal tracts
(a minimum of four portal tracts) to enable a confident evaluation of
histological features and diagnosis.' Liver biopsies were read by a
single liver pathologist who was unaware of the patients’ clinical and

Table I: Activity score

<5%
5-33%
33-66%
> 66%

Steatosis

0
1
2
3
Lobular inflammation g LAl
1 < 2 foci/200 x field
2 2-4 foci/200 x field
3 > 4 foci/200 x field
0 None
1 Few balloon cells
2 Many cells/prominent ballooning

Ballooning

Table II: Fibrosis staging

Zone 3 perivenular perisinusoidal/pericellular fibrosis,
focal or extensive
1 - 1A — delicate perisinusoidal fibrosis
- 1B — dense perisinusoidal fibrosis
- 1C — portal-only fibrosis

2 As above with focal or extensive periportal fibrosis
3 Bridging fibrosis, focal or extensive
Cirrhosis

laboratory data. All biopsies were interpreted, graded and staged by the
Nonalcoholic Steatohepatitis Clinical Research Network scoring system
(Nonalcoholic Steatohepatitis Activity Score — NAS), Kleiner et al, 2005,
Tables I and II.

Degree of steatosis was assessed on a scale of 0-3: 1, mild (5%-33%
of hepatocytes affected); 2, moderate (33%—66% of hepatocytes
affected); and 3, severe (> 66% of hepatocytes affected). The grades
of inflammation and stages of fibrosis were modified to two categories
as follows: mild inflammation (Kleiner grade 1) and moderate-to-severe
inflammation (Kleiner grades 2 and 3), mild fibrosis (stages 1 and 2), and
advanced fibrosis (stages 3 and 4).

Statistical analysis

Hepatic steatosis was assessed as categorical (absent or present) or a
continuous variable from 0%-100%. Comparisons between the NAFLD
group and controls were made using Student’s ¢ test for continuous
variables and the X2 or Fisher’s exact probability test for categorical
data. All values are presented, as mean + SD. P < 0.05 was considered
to be statistically significant. Multiple linear regression has been used in
multivariate analysis of factors associated with resistin levels, including
age, sex, degree of hepatic steatosis, BMI, C-peptide and IR.

Results
Comparison of patients and controls

Clinical and biochemical characteristics of the patients with NAFLD and
controls are compared in Table lll. Serum resistin levels were found to
be significantly higher in patients with NAFLD as compared with the
controls (P < 0.001), and higher in levels of insulin and HOMA than the
controls. There was no significant difference in serum total cholesterol,
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Table IlI: Clinical and laboratory data of patients with NAFLD and controls
L [mAD  [ontol  [Paale
n 30 30
Gender (female/male) 15/15 16/14 0.8

Age (years) 4196 +8.36 43.94+8.35 0.375

BMI (kg/m?) 26.48 £3.11 23.98 +1.88 <0.001
Total cholesterol (mg/dI) 159 + 321 153+ 25 0.446
Triglyceride (mg/dl) 137 + 54 116 = 34 0.075
C-peptide (nmol/L) 1.78+029 18034  0.505
Glucose (mg/L) 98 + 17 90 + 12 0.072
Insulin (mU/L) 1422 +2.66 8.64+1.88 <0.001
HOMA(IR) 346+1.04 192+045 <0.001

< 0.001 272+097 45+1.52 Resistin (ng/ml)

triglyceride, C-peptide or glucose levels in patients with NAFLD when
compared with the controls.

Table IV: Resistin results according to gender

n 15 14 15 16
Resistin  4.3+1.42 23+094 <0.001 55+157 32=099 <0.001
(ng/ml)

Gender difference in serum resistin

As expected, serum resistin levels were significantly higher in women
than in men in the NAFLD group (P = 0.002).

Both men and women in the NAFLD group had higher mean serum
resistin levels than did the men and women in the control group (all
P < 0.001, Table V).

Table V: Resistin results in relation to degree of steatosis

n 17 13

Gender (female/male) 9/8 6/7 0.7
HOMA(IR) 2.98 + 0.86 420 +0.83 0.001
72 +1.76 6.42 + 1.64 0.004

Steatosis (n = 30)

Resistin (ng/ml)

Histological evaluation

Upon histological staging, steatosis was found to be mild in 17 patients
and moderate to severe in 13; inflammation was mild in 16 and moderate
to severe in 14; fibrosis was absent in 9, mild in 20, and advanced in
one patient. As summarised in Table V, patients with moderate to severe
steatosis had significantly higher levels of resistin than those with mild
steatosis. Similarly, patients with moderate to severe steatosis were
more insulin resistant, as indicated by higher values of HOMA(IR).

Table VI: The results of BMI and resistin levels in NASH patients with normal
weight and those that are overweight

n 12 18

Female/male 8/4 9/9 0.5
HOMA(IR) 4.07 =1.05 3.13+0.88 0.01

Resistin (ng/ml) 6.83 +1.46 452+1.14 < 0.001

Relationship of serum resistin levels with BMI

To determine the relationship between obesity and resistin more clearly,
the NAFLD patients were divided into two groups according to mean
BMI (26.5) as a cut-off point. Thus, patients with a BMI of 26.5 were
defined as being overweight. There were 12 patients with a BMI > 26.5,
and there were 18 patients with a BMI < 26.5. The serum resistin levels
and HOMA(IR) values were significantly higher in the overweight group
than in the normal weight group (P < 0.001 and P = 0.01, respectively)
(Table VI).

Discussion

Our data shows that NAFLD patients have increased circulating resistin
and that increased levels are correlated with insulin resistance, body
mass index and histological severity of the disease. We found higher
resistin in patients with histological diagnosis of NASH compared to pure
fatty liver. Based on this finding, the present study is in agreement with
the hypothesis that resistin may play a role in the progression of the
natural history of NAFLD. In other studies, the relationship in humans
between resistin and BMI and insulin resistance is under debate.
Serum resistin was found by some authors to be increased in cases
of obesity and to be positively correlated with BMI or body fat.'®% Qur
hypothesis is partially supported by data reported by Bajaj et al 2004,
who showed that serum resistin correlated with hepatic fat content and
hepatic insulin resistance, but not with peripheral insulin resistance
in type 2 diabetic patients.?** A major target organ of resistin is the
liver, where resistin induces insulin resistance and increases glucose
production. This concept was supported by experiments in rodents that
clearly showed a major role of resistin in hepatic glucose metabolism
and in the pathogenesis of diet-induced hepatic insulin resistance.?%
The findings of the present study show that resistin is involved in
metabolic abnormalities that lead to steatosis in NAFLD patients. The
serum resistin level was significantly higher in women. The difference
is, therefore, in part, due to the higher percentage of body fat in women.
In addition, our study showed that serum resistin levels were strongly
correlated with BMI or fat mass, consistent with a number of previous
studies.®**'%2 Also, the above results suggest a significant difference
between normal-weight and overweight NAFLD patients with regard to
serum resistin levels.

One of the important results of the study was that higher serum resistin
levels were detected in patients with moderate to severe steatosis,
compared with mild steatosis. There are two most likely explanations
for this finding. Firstly, resistin is related to IR. It has been suggested
that resistin may contribute to hepatic steatosis by promoting IR and
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by altering insulin signalling in hepatocytes, so as to promote increased
intracellular levels of fatty acids.> Moreover, at a later stage, resistin may
cause hepatic steatosis to turn into steatohepatitis by amplifying selected
pro-inflammatory responses.* This explanation is based mainly on the
effect of insulin on hepatic fat metabolism. In this study, an elevation of
serum insulin level and HOMA (IR) was detected in NAFLD patients, by
comparison with the controls, which supports the latter suggestion. Both
IL-6 and TNFo. may have a role in NAFLD patients, as many studies prove
that their levels improve with lifestyle modification, together with the
improvement of liver damage.* Therefore it is possible that resistin may
participate in the pathways underlying liver damage and the progression
of pure fatty liver to NASH and fibrosis.* Furthermore, we cannot rule
out the possibility that increased resistin in NAFLD patients may come
also from increased production in immune and inflammatory cells. As
the hepatic stellate cells produce a variety of cytokines, it may be that
elevated circulating resistin reflects increased resistin production by
these cells inside the liver.*® This requires further study in order to be
proved. The inconsistent link between serum resistin, obesity and insulin
resistance may also be explained by genetic factors. It has been reported
that a genetic polymorphism in the promoter region of the resistin gene
may be an independent predictor of circulating resistin in humans.%:%%
Hence it is not possible to exclude that this gene polymorphism may be
responsible for high resistin levels in NAFLD patients.

Conclusion

Our study reported higher resistin levels in the serum of NAFLD patients,
which were correlated to insulin resistance, adiposity and histological
effect on the liver. The precise molecular mechanisms of these findings
still need to be clarified. Further prospective studies are needed to
prove the predictive value of the serum resistin levels for progression of
NAFLD, change in the body fat, and change in insulin resistance.

References

1. Wolf G. Insulin resistance and obesity: Resistin, a hormone secreted by adipose tissue. Nutr Rev
2004;62(10)389-394.

2. Holcomb IN, Kabakoff RC, Chan B, et al. FIZZ1, a novel cysteine-rich secreted protein associated
with pulmonary inflammation defines a new gene family. EMBO J 2000;19(15)4046-4055.

3. Kim KH, Lee K, Moon YS, Sul HS. A cysteine-rich adipose tissue-specific secretory factor inhibits
adipocyte differentiation. J Biol Chem 2001;276(14)11252-11256.

4. Sato N, Kobayashi K, Inoguchi T, et al. Adenovirus-mediated high expression of resistin causes
dyslipidemia in mice. Endocrinology 2005;146(1):273-279.

5. Rajala MW, Obici S, Scherer PE, Rossetti L. Adipose-derived resistin and gut-derived resistin-
like molecule-beta selectively impair insulin action on glucose production. J Clin Invest
2003;111:225-230.

6. Muse ED, Obici S, Bhanot S, et al. Role of resistin in diet-induced hepatic insulin resistance. J Clin
Invest 2004;114:232-239.

7. Ukkola 0. Resistin —a mediator of obesity-associated insulin resistance or an innocent bystander?
Eur J Endocrinol 2002;147:571-574.

8. Pagano G, Marin 0, CalcagnoA, et al. Increased serum resistin in adults with Prader-Willi syndrome
is related to obesity and not to insulin resistance. J Clin Endocrinol Metab 2005;90:4335-4340.

9. Matsuda M, Kawasaki F, Yamada K, et al. Impact of adiposity and plasma adipocytokines on
diabetic angiopathies in Japanese type 2 diabetic subjects. Diabet Med 2004;21:881-888.

10.  Burnett MS, Devaney JM, Adenika RJ, Lindsay R, Howard BV. Cross-sectional associations of
resistin, coronary heart disease, and insulin resistance. J Clin Endocrinol Metabol 2006;91:64-68.

11, Farvid MS, Ng TW, Chan DC, Barrett PH, Watts GF. Association of adiponectin and resistin with
adipose tissue compartments, insulin resistance and dyslipidaemia. Diabetes Obes Metab
2005;7:406-413.

12. Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;346(16):1221-1231.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34,

35.

36.

37.

38.

39.

American Gastroenterology Association Medical position statement: nonalcoholic fatty liver
disease. Gastroenterology 2002;123:1702-1704.

Marchesini G, Bugianesi E, Forlani G, et al. Nonalcoholic fatty liver, steatohepatitis, and the
metabolic syndrome. Hepatology 2003;37:917-923.

Comlekei, A., H. Akpinar, S. Yesil, |. Okan, E. Ellidokuz, A. Okan, G. Ersoz, E. Tankurt, Y. Batur,. Serum
leptin levels in patients with liver cirrhosis and chronic viral hepatitis. Scand J Gastroenterol,
2003, 38(7): 779-786.16. Pagano C, Soardo G, Pilon C, et al. Increased serum resistin in
nonalcoholic fatty liver disease is related to liver disease severity and not to insulin resistance. J
Clin Endocrinol Metab 2006;91(3):1081-1086.

Joseph AE, Saverymuttu SH, al-Sam S, Cook MG, Maxwell JD. Comparison of liver histology with
ultrasonography in assessing diffuse parenchymal liver disease. Clin Radiol 1991;43:26-31.
Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a histological scoring system for
nonalcoholic fatty liver disease. Hepatology 2005;41(6):1313-1321.

Fujinami A, Obayashi H, Ohta K, et al. Enzyme-linked immunosorbent assay for circulating human
resistin: resistin concentrations in normal subjects and patients with type 2 diabetes. Clin Chim
Acta 2004;339:57-63.

Degawa-Yamauchi M, Bovenkerk JE, Juliar BE, et al. Serum resistin (FIZZ3) protein is increased
in obese, humans. J Clin Endocrinol Metab 2003;88(11):5452-5455.

Volarova de Courten B, Degawa-Yamauchi M, Considine RV, Tataranni PA. High serum resistin is
associated with an increase in adiposity but not a worsening of insulin resistance in Pima Indians.
Diabetes 2004;53:1279-1284.

Panidis D, Koliakos G, Kourtis A, Farmakiotis D, Mouslech T. Serum resistin levels in women with
polycystic ovary syndrome. Fertil Steril 2004;81:361-366.

Silha JV, Murphy LJ. Serum resistin (FIZZ3) protein is increased in obese humans. J Clin
Endocrinol Metab 2004;89:1977-1978.

Bajaj M, Suraamornkul S, Hardies LJ, Pratipanawatr T, DeFronzo RA. Plasma resistin concentration,
hepatic fat content, and hepatic and peripheral insulin resistance in pioglitazone-treated type Il
diabetic patients. Int J Obes Relat Metab Disord 2004; 28(6):783-789.

Stejskal D, Adamovska S, Bartek J, Jurakova R, Proskova J. Resistin: concentrations in persons
with type 2 diabetes mellitus and in individuals with acute inflammatory disease. Biomed Pap
Med Fac Univ Palacky Olomouc Czech Repub 2003;147:63-69.

Yagmur, E., C. Trautwein, AM. Gressner, F. Tacke,. Resistin serum levels are associated with
insulin resistance, disease severity, clinical complications, and prognosis in patients with chronic
liver diseases. Am J Gastroenterol, 2006; 101(6): 1244-52.

Smith SR, Bai F, Charbonneau C, Janderova L, Argyropoulos G. A promoter genotype and oxidative
stress potentially link resistin to human insulin resistance. Diabetes 2003;52:1611-1618.
Banerjee RR, Rangwala SM, Shapiro JS, et al. Regulation of fasted blood glucose by resistin.
Science 2004;303:1195-1198.

Rangwala SM, Rich AS, Rhoades B, et al. Abnormal glucose homeostasis due to chronic
hyperresistinemia. Diabetes 2004;53:1937-1941.

Ankarberg-Lindgren C, Dahlgren J, Carlsson B, et al. Hormone adiponectin alleviates nonalcoholic
fatty liver diseases. Eur J Endocrinol 2001;145:43-51.

Ong KK, Watts AP, Morrell DJ, Preece MA, Dunger DB. Elevated adipokines levels are associated
with excess gains in fat mass in girls, but not boys, with type 1 diabetes: longitudinal study during
adolescence. J Clin Endocrinol Metab 2001;86:1188-1193.

Rosenbaum M, Nicolson M, Levine LS, et al. Effect of puberty on the relationship between
circulating adipokines and body composition. J Clin Endocrinol Metab 2001;85:1509-1518.
Kaplan LM. Leptin, obesity, and liver disease. Gastroenterology 1998;115:997-1001.

Kugelmas M, Hill DB, Vivian B, Marsano L, McClain CJ. Cytokines and NASH: a pilot study of the
effects of lifestyle modification and vitamin E. Hepatology 2003;38:413-419.

Chitturi S, Farrell GC. Etiopathogenesis of nonalcoholic steatohepatitis. Semin Liver Dis
2001;21:27-41.

Diehl AM. Nonalcoholic steatosis and steatohepatitis. IV. Nonalcoholic fatty liver disease
abnormalities in macrophage function and cytokines. Am J Physiol 2002;282:G1-G5.

Smith SR, Bai F, Charbonneau C, Janderova L, Argyropoulos G. A promoter genotype and oxidative
stress potentially link resistin to human insulin resistance. Diabetes 2003;52:1611-1618.

Cho YM, Youn BS, Chung SS, et al. Common genetic polymorphisms in the promoter of resistin
gene are major determinants of plasma resistin concentrations in humans. Diabetologia
2004;47:1337-1338.

Burnett MS, Devaney JM, Adenika RJ, Lindsay R, Howard BV. Cross-sectional associations of
resistin, coronary heart disease, and insulin resistance. J Clin Endocrinol Metab 2006;91:64-68.

JEMDSA 2010 Volume 15 No 1



