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Abstract

Background A mass of visceral adipose tissue is one of

the most important determinants of progressive liver injury

in nonalcoholic fatty liver disease (NAFLD). In accor-

dance, nonalcoholic steatohepatitis (NASH) and fibrosis

are believed to occur more commonly in morbidly obese

patients compared with nonobese NAFLD patients.

Aim of the study Comparative analysis of NAFLD his-

topathologic features and angiogenesis activity in morbidly

obese and nonobese subjects.

Materials and methods Biopsy samples from 40 severely

obese (BMI C40 kg m-2) and 30 nonobese (BMI

B30 kg m-2) NAFLD patients were examined. Kleiner’s

classification was used to diagnose NASH by grading ste-

atosis, cytoplasmatic ballooning of hepatocytes, and lobu-

lar inflammation. The severity of fibrosis was evaluated

according to the liver fibrosis staging system. Qualitative

and quantitative immunohistochemical analyses of VEGF

A, Flk-1, and CD34 were performed to study angiogenesis

and the terminal deoxynucleotidyl transferase-mediated

dUTP nick end-labeling (TUNEL) method was used to

study hepatocyte apoptosis.

Results Severely obese patients did not differ from non-

obese patients with respect to age and sex distribution.

NASH was diagnosed in nine (22.5%) severely obese

patients and in seven (23.3%) nonobese patients. Fibrosis

was more common in morbidly obese patients (82.5 vs.

43.5%, v
2

= 11.71, p = 0.003) and was not associated

with NASH. Moreover, the severity of fibrosis was greater

in obese patients, as advanced fibrosis (bridging fibrosis

and cirrhosis) occurred in six (15%) severely obese patients

and in two (6.7%) nonobese patients. In morbidly obese

individuals, angiogenesis was independent of NASH and

was activated at the stage of simple steatosis. In severe

obesity, there was a positive relationship between the stage

of fibrosis and angiogenic activity.

Conclusion In severely obese patients, fibrosis is probably

promoted by mechanisms independent of NASH. In these

patients, angiogenesis is activated early in the natural his-

tory of NAFLD and correlates with the severity of fibrosis.

Keywords NAFLD � Morbid obesity � Fibrosis �
Angiogenesis

Introduction

Nonalcoholic fatty liver disease (NAFLD) includes a wide

spectrum of liver pathologies, ranging from pure steatosis,

usually a benign and nonprogressive condition, to nonal-

coholic steatohepatitis (NASH), which may progress to
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liver cirrhosis [1]. Studies on the natural history of NAFLD

show that histopathologic progression occurs in 32–37% of

patients over a period of 3–6 years and up to 12% of

patients may progress to cirrhosis over a period of

8–10 years [2].

NAFLD is a growing problem due to the epidemic of

obesity. Data from the USA suggest that 20–30% of the

general population develop NAFLD and 3–5% develop

NASH. It has been shown that the prevalence of NASH

among morbidly obese patients is higher than in the general

population; however, this prevalence was assessed as a

broad range between 25 and 75% [3, 4].

Central obesity is the most important constituent of the

metabolic syndrome and waist circumference is a key

diagnostic feature of this syndrome. A high prevalence of

NAFLD/NASH in patients with morbid obesity seems to be

a consequence of a large amount of visceral tissue [large

waist circumference and body mass index (BMI)] and

advanced insulin resistance in this population. Visceral fat

is active endocrine tissue that releases many peptides and

hormones to the portal venous system, which reach the

liver and promote insulin resistance and steatoinflamma-

tory reactions. Moreover, activated macrophages located in

visceral fat liberate proinflammatory cytokines that may

interfere with liver resident macrophages and sinusoidal

endothelial cells.

Angiogenesis is a critical step in tissue damage, healing,

and vascular remodeling. Angiogenesis and sinusoidal

remodeling occur concurrently with, or may even precede,

fibrosis formation in most types of chronic liver disease [5,

6]. A number of experimental studies support a causative

role for these vascular changes in the pathogenesis of

fibrosis and portal hypertension. Recent data suggest that

hepatic angiogenesis may be activated by certain adipose-

related cytokines and hormones [7].

The aim of this study was to compare NAFLD histo-

pathologic features and angiogenic activity in morbidly

obese and nonobese subjects.

Materials and methods

Patient selection and clinical characteristics

The study was based on liver biopsy specimens from

patients diagnosed with NAFLD from 2002 to 2007.

Biopsy specimens embedded in paraffin blocks were

retrieved from the files of two pathomorphology units. The

liver samples were divided into two groups depending on

the BMI of the sample donor. The first group included liver

samples from consecutive patients with morbid obesity

(BMI C40 kg m-2). These patients were referred to the

bariatric surgical center where percutaneous liver biopsy

was a routine procedure before surgery. The second group

included randomly selected biopsy samples from nonobese

NAFLD patients (BMI B30 kg m-2).

The biopsy samples were provided by the Department of

Gastroenterology and Hepatology of the Medical Univer-

sity of Silesia. Liver biopsies were performed on patients

with metabolic syndrome, echo-bright liver on ultrasound

and chronic hypertransaminasemia. The diagnosis of met-

abolic syndrome was established according to International

Diabetic Federation (IDF) criteria, where a required feature

was waist circumference [94 cm in males and [80 cm in

females (set points accepted for a European Caucasian

population). Moreover, at least two of the following fea-

tures had to be present: (1) fasting glucose [100 mg dl-1

or a previous diagnosis of diabetes; (2) arterial blood

pressure [130/85 or pharmacologically treated hyperten-

sion; (3) triglyceride-levels[150 mg dl-1 or current use of

fibrates; and (4) HDL-cholesterol \40 mg dl-1 (males) or

50 mg dl-1 (females).

The clinical data that excluded patients from the study

were: regular consumption of alcohol, C120 or C70 g

weekly in males and females, respectively; BMI

\18.5 kg m-2; chronic or acute inflammatory bowel dis-

ease; past intestinal surgery; infection with hepatitis C

virus (HCV) or hepatitis B virus (HBV); a saturation

transferrin index [50%; a low serum level of ceruloplas-

min; and administration of drugs known to induce liver

steatosis, such as methotrexate, amiodarone, corticoste-

roids, or antidepressants. The histopathologic exclusion

criteria were less than seven portal triads in the specimen,

\5% of hepatocytes showing fatty degeneration, and the

presence of features contradicting NAFLD as a main liver

disorder. The number of patients/biopsies that were

excluded from the study were 4 and 5, respectively.

Finally, 40 patients were included in the morbid obesity

group and 30 patients in the nonobese NAFLD group. All

patient charts were reviewed to obtain clinical character-

istics. The laboratory tests reviewed included the pro-

thrombin index, serum levels of bilirubin, alanine and

aspartate aminotransferases, alkaline phosphatase, c-glut-

amyl transpeptidase, creatinine, and serologies of HCV and

HBV.

Histopathology

Liver biopsy samples embedded in paraffin were cut into

tissue sections 4 lm thick, mounted on adhesive slides,

incubated at 58�C, and then deparaffinized in xylene and

re-hydrated in alcohol solutions of decreasing concentra-

tions. Sections were counterstained with hematoxylin–

eosin and Masson trichrome. Histopathologic examination

was simultaneously performed by two experienced

pathologists using a double-headed microscope. Kleiner’s
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classification was used to grade steatosis, cytoplasmatic

ballooning of hepatocytes, and lobular inflammation

(NAFLD Activity Score: NAS) [8]. The histopathologic

NAS score is defined as the unweighted sum of the scores

for steatosis (0–3), lobular inflammation (0–3), and bal-

looning (0–2); thus ranging from 0 to 8. Cases with NAS of

0–2 were considered not diagnostic of NASH; however,

scores of C5 were diagnosed as NASH. Cases with activity

scores of 3 and 4 were considered as borderline (indeter-

minate) NASH. In addition, portal inflammation was

assessed semiquantitatively: none or minimal (grade 0)

and higher (grade 1). Severity of fibrosis was evaluated

according to the simplified liver fibrosis staging system [8].

The terminal deoxynucleotidyl transferase-mediated

dUTP nick end-labeling (TUNEL) method was used to

disclose hepatocyte apoptosis and qualitative and quanti-

tative immunohistochemical analyses of VEGF A, Flk-1,

and CD34 were performed to study angiogenesis.

1. TUNEL

Sections were deparaffinized, hydratated, and pre-

treated by microwave irradiation for 5 min with

0.01 M sodium citrate buffer at pH 6.0 to enhance

TUNEL. The endogenous peroxidase was blocked

with 3% hydrogen peroxide. The in situ detection kit,

POD (Roche, Basel, Switzerland) for TUNEL was

used according to the manufacturer’s instructions.

The samples were incubated with the TUNEL reac-

tion mixture containing terminal deoxynucleotidyl

transferase (TdT) for 60 min at 37�C and consecu-

tively with Converter POD for 30 min at the same

temperature. TUNEL was visualized using 3.3-diam-

inobenzidine (DAB) as the chromogen. Samples were

examined under 9200 magnification (Labophot 2

microscope, Nikon). The number of hepatocytes with

a positive TUNEL reaction was recorded in five visual

areas.

2. VEGF A, Flk-1

To retrieve the antigens, preparations were placed in

TRS (Dako, Glostrup, Dania) solution and submerged

in a water bath at 97�C for 30 min. After cooling and

rinsing, the endogenous peroxidase was blocked with

3% hydrogen peroxide for 5 min. Next, the sections

were incubated with primary antibodies to VEGF

(Santa Cruz, USA) and to Flk-1 (Santa Cruz, USA) in

dilutions 1:100 for 30 min at room temperature. The

remaining immunohistochemical reaction was done

with DAKO LSAB ? (Dako, Glostrup, Denmark).

Labeling was visualized using the chromogen DAB

(Dako, Glostrup, Denmark). Sections were rinsed

between consecutive laboratory steps with TBS/Tween

(BUF 028, Serotec), then dehydrated, cleared in

xylene, and coversliped with DPX.

Intensity of the reaction was assessed with densitom-

etry in bioptate microphotography under 9200 mag-

nification using Image-Pro Plus v.3.0 software (Media

Cybernetics, Silver Spring, USA) with an Olympus

microscope supplied with a digital camera.

3. CD34

To retrieve the antigen, preparations were placed in

TRS solution, submerged in a water bath at 97�C for

30 min. Subsequently, the sections were incubated

with CD34 antibody (Dako, Glostrup, Denmark) for

30 min. The remaining immunohistochemical reac-

tions were performed with LSAB 2 (Dako, Glostrup,

Denmark). DAB was used as the chromogen and the

positive reaction for antigen CD34 was primarily

evaluated under 940 and 9100 magnifications to find

the highest number of newly formed blood vessels

(only a cytoplasmatic reaction was considered as

positive). Blood vessels positive for CD34 were

assessed in three visual areas.

Statistical analysis

The data were presented as medians with interquartile

ranges for continuous variables and frequency distributions

for categorical variables. Intergroup differences of quanti-

tative variables were tested with Mann–Whitney U and

ANOVA rank Kruskal–Wallis tests for independent vari-

ables. If a p value was \0.05, the Mann–Whitney U test

was subsequently used in post hoc analysis. A Fisher’s test

was applied to compare categorical variables. A v2 test was

used to compare categorical variables between three or

more groups. If a p value was \0.05, the Fisher’s test was

subsequently used in post hoc analysis. A p value of\0.05

was considered to be statistically significant (Statsoft

Statistica 7.0).

Results

Clinical characteristics of patients are shown in Table 1.

Morbidly obese patients did not differ from nonobese

NAFLD patients with respect to age, sex ratio, height,

arterial blood pressure, and serum cholesterol levels.

Morbidly obese patients had higher serum levels of tri-

glycerides, lower serum levels of aminotransferases, and

higher AST to ALT ratios.

Histopathologic diagnosis for both groups is shown in

Table 2. There was no difference in the prevalence of

simple steatosis, borderline form, and NASH between

morbidly obese and nonobese NAFLD patients (Table 2;

v2 = 0.0084, p = 0.999). No difference was found with

regard to grades of steatosis, cytoplasmatic ballooning, and
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activity of lobular inflammation (Table 3). In addition, the

occurrence of moderate and severe portal inflammation

(grade 1) was similar in obese and nonobese individuals

(22.5 vs. 26.7%; p [ 0.05). By contrast, fibrosis was more

common in morbidly obese than in nonobese patients

(Table 4; v2 = 11.71, p = 0.003). The fibrosis was found

in 13 (43.5%) nonobese patients and in 33 (82.5%) severely

obese patients. Moreover, advanced fibrosis (bridging

fibrosis or cirrhosis) was diagnosed in two (6.7%) nonobese

patients and in six (15%) morbidly obese patients

(p \ 0.005). The difference in fibrosis prevalence between

obese and nonobese individuals was found only at the stage

of simple steatosis or ‘‘borderline’’ lesions, according to

Kleiner’s criteria, and was absent in patients with ‘‘definite’’

NASH (Table 5). The illustrative histopathologic images,

all obtained from obese patients, are presented in Fig. 1.

The number of hepatocytes with a positive TUNEL

reaction was significantly higher in nonobese than obese

patients (p = 0.011). Occurrence of apoptosis was not

directly associated with histopathologic diagnosis but, in

morbidly obese patients, was negatively related to the

grade of steatosis (p = 0.019). This relationship was not

found in nonobese patients.

In severely obese patients, Flk-1 expression was posi-

tively correlated with VEFG-A expression (r = 0.36;

p = 0.035). In these patients, the VEGF A and Flk-1

expressions and the density of newly formed CD34-posi-

tive blood vessels were significantly increased in compar-

ison with nonobese NAFLD patients (Fig. 2). The increase

in expression of angiogenic factors was observed in the

stage of simple steatosis and ‘‘borderline’’ NASH (Fig. 3).

The nonobese patients with NASH showed activation of

VEGF-A and CD34 as compared with earlier stages of

NAFLD. On the contrary, an advanced fibrosis was asso-

ciated with further increase in expression of Flk-1 and

VEGF only in obese patients (Fig. 4). There was a positive

relationship in these patients between the stage of fibrosis

and strength of Flk-1 cytoplasmatic expression (r = 0.56;

p = 0.001). Such a relationship was not found in the

nonobese group.

Discussion

A mass of visceral adipose tissue is believed to be the most

important determinant of progressive liver injury in NA-

FLD due to an inflammatory state and release of free fatty

acids to the portal venous system. There have been many

Table 1 Characteristics of

morbidly obese and nonobese

NAFLD patients

HDL high density lipoprotein,

AST aspartate transaminase,

ALT alanine transaminase, BP
blood pressure

Median values (interquartile

ranges), Mann–Whitney U test

Parameters NAFLD patients p

Morbidly obese Nonobese

Males/females 16/24 15/15 0.47

Age (years) 41.0 (34.0–51.0) 51.0 (36.0–54.0) 0.17

Body weight (kg) 138 (123–175) 83.8 (76.8–95.5) \0.0001

Height (cm) 164 (162–171) 169 (159–176) 0.79

BMI (kg/m2) 49.9 (45.1–56.6) 27.8 (26.6–28.6) \0.0001

Waist circumference (cm) 137 (117–144) 101 (97.5–108) 0.0001

Hip circumference (cm) 141 (134–170) 107 (104–112) \0.0001

Fasting glucose (mg/dl) 5.6 (5.1–7.1) 5.4 (4.9–6.2) 0.33

Triglycerides (mg/dl) 187 (144–266) 143 (119–199) 0.049

HDL (mg/dl) 47.0 (42.0–48.0) 41.0 (34.5–51.5) 0.18

Cholesterol (mg/dl) 227 (198–265) 220 (189–266) 0.49

AST (IU/l) 28 (22–37) 45 (35–68) 0.004

ALT (IU/l) 36 (27–54) 76 (52–111) 0.0003

AST/ALT 0.92 (0.66–1.00) 0.59 (0.44–0.72) 0.001

Systolic BP (mmHg) 140 (130–140) 130 (120–140) 0.1

Diastolic BP (mmHg) 90 (80–90) 85 (80–90) 0.32

Hemoglobin (g/dl) 14.3 (13.0–15.9) 14.9 (13.9–16.0) 0.52

Platelets (G/mm3) 225 (210–264) 235 (156–240) 0.71

Table 2 Histopathological diagnosis according to NAFLD Activity

Score in morbidly obese and nonobese patients

NAFLD

patients

Steatosis alone

(%)

Borderline form

(%)

NASH

(%)

Obese 16 (40) 15 (37.5) 9 (22.5)

Nonobese 12 (40) 11 (36.7) 7 (23.3)

Simple steatosis\3 points; indeterminate form 3–4 points, NASH C5

points
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studies that characterized liver histopathology in patients

with morbid obesity and nonobese NAFLD, but none

focused on searching for histopathologic differences with

regard to BMI using the same methodology. In randomly

investigated morbidly obese and nonobese NAFLD

patients who were age and sex matched, we found no

difference in histopathologic severity of steatosis, hepato-

cyte ballooning, and inflammation. Instead, a higher

prevalence of and more advanced fibrosis was associated

with morbid obesity. These findings are in keeping with the

current knowledge on liver status in patients with morbid

obesity in whom severe fibrosis and cirrhosis were reported

to be more common than in nonobese populations with

NAFLD [9–12]. On the contrary, our study disagrees with a

widespread opinion on more advanced steatosis and more

common prevalence of NASH in morbidly obese people.

In different series of obese patients undergoing bariatric

surgery, the prevalence of NASH was reported in the range

of 24–36.4% [4, 12–15], being as high as 79.3% in a

Taiwanese study [16]. This discrepancy may result from

different histopathologic criteria for NASH and variable

involvement of patients with type 2 diabetes. The NAFLD

Activity Score system, which is now a standard approach to

the diagnosis of NASH, specifies a group of diagnostically

uncertain cases classified as borderline NASH. The pres-

ence of such patients whose liver disease may evolve in

both directions explains the diversity of data on NASH

prevalence in different cohorts. In the context of published

data, the prevalence of NASH at 22.5% in morbidly obese

subjects found in our study seems to be a realistic figure.

However, the high prevalence of NASH in nonobese

patients could be biased by selection criteria, as the deci-

sion on liver biopsy was based on the persistent elevation

of aminotransferases. Knowledge on the occurrence of

NASH in the general population with metabolic syndrome

and BMI ranging from normal to excessive is rather lim-

ited. In one study, histopathology of liver donors disclosed

steatosis in 38% and NASH in 16% of cases, and in another

study the occurrence of NASH among liver donors did not

exceed 2.5% [17, 18].

It is not clear if body weight itself has a direct influence

on the degree of steatosis and risk for NASH. In a study by

Gholam et al. [15], the histopathology of liver samples

taken from 97 obese subjects clearly showed that the

Table 3 Gradings of different histopathological NAFLD features in morbidly obese and nonobese patients

NAFLD patients Steatosisa Ballooningb Lobular inflammationc

S1 S2 S3 0 1 2 0 1 2 3

Obese 15 12 13 25 14 1 21 12 5 2

37.5% 30% 32.5% 62.5% 35% 2.5% 52.5% 30% 12.5% 5%

Nonobese 11 9 10 15 13 2 16 11 3 0

36.7% 30% 33.3% 50% 43.3% 6.7% 53.3% 36.7% 10% 0%

a Percentage of hepatocytes involved with steatosis 5-33% (grade S1), 34-66% (grade S2); [66% (grade S3)
b Ballooning: 0 = absence, 1 = few hepatocytes, 2 = numerous hepatocytes
c Lobular inflammation: 0 = absence, 1 = \2 foci per single vision field, 2 = 2–4 foci per single vision field, 3 = 3- [ 4 foci per single vision

field

Table 4 Severity of fibrosis in morbidly obese and nonobese NAFLD

patients

NAFLD patients Fibrosis staging

F0 F1 F2

Obese 7 27 6

17.5% 67.5% 15%

Nonobese 17 11 2

56.7% 36.7% 6.7%

F0, none; F1, moderate perisinusoidal or portal/periportal; F2,

advanced fibrosis, i.e., bridging fibrosis or cirrhosis

Table 5 Severity of fibrosis in morbidly obese and nonobese patients depending on diagnosis based on NAFLD Activity Score

Group: Obese Nonobese v2 p

Fibrosis: F0 F1 F2 F0 F1 F2

Steatosis alone 4 10 2 9 3 0 7.269 0.026

25% 62.5% 12.5% 75% 25%

Indeterminate form 2 11 2 7 3 1 7.095 0.027

13.3% 73.3% 13.3% 63.6% 27.3% 9.1%

NASH 1 6 2 1 5 1 0.177 0.915

11.1% 66.7% 22.2% 14.3% 71.4% 14.3%
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severity of metabolic abnormalities, such as hyperglycemia

and insulin resistance, was more important for the devel-

opment of NASH than an excess of adipose tissue. Simi-

larly, Marchesini et al. [19] found that the number of

metabolic syndrome features is more important for the

development of NASH than body weight. In comparison

with NASH, steatosis seems to be more dependent on BMI.

Ryan et al. [20] found a more frequent occurrence of ste-

atosis in patients with BMI between 26 and 37 kg m-2

than B25 kg m-2 (27 vs. 9%). A correlation between the

degree of liver steatosis and BMI was also found by

Marchesini et al. [19] and, Angelico et al. [21]. The causes

of a similar degree of steatosis in morbidly obese and

nonobese NAFLD patients in our study are unknown.

Hepatocyte apoptosis is a characteristic feature of pro-

gressive NASH [22, 23]. In our study, apoptosis was

inversely related to the degree of steatosis in obese

patients. This finding suggests that obese individuals with a

high degree of hepatic steatosis may develop antiapoptotic

mechanisms, contributing to the inhibition of pathways

Fig. 1 Histopathologic images obtained from morbidly obese

patients showing a stage-3 fibrosis (9100), b immune staining for

CD34 in a patient with stage-3 fibrosis (9100), c immune staining for

Flk-1, densitometry 0.631 (9100), and d immune staining for VEGF

A, densitometry 0.649 (9100)

Fig. 2 Strength of reactions with antibodies to Flk-1, VEGF A, and

CD34 measured by densitometry in morbidly obese and nonobese

NAFLD patients

Fig. 3 Strength of reactions with antibodies to Flk-1, VEGF A, and

CD34 measured by densitometry in morbidly obese and nonobese

patients in relation to histopathologic diagnosis based on NAFLD

Activity Scores
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leading to NASH. Lower levels of ALT in obese patients

confirm this hypothesis. In accordance, it has recently been

found that obese patients with NAFLD demonstrate lower

levels of aminotransferases than their nonobese counter-

parts [24].

Liver fibrosis is the most important step in the progression

of NAFLD, demanding a different approach to the patient. In

this study, morbid obesity was accompanied by more com-

mon and more significant liver fibrosis. A higher prevalence

of liver fibrosis in obesity was reported in many studies [25–

30]. Ratziu et al. [9] found bridging fibrosis in 30% and

cirrhosis in 11% of patients with BMI [25 kg m-2. Simi-

larly, Angulo et al. [11] found moderate fibrosis in 55% and

severe fibrosis in 12% of patients with BMI [35 kg m-2.

More importantly, our study clearly demonstrated that liver

fibrosis predominated in patients, not accomplishing the

criteria of NASH. There are two possible explanations for

this relationship. First, fibrosis enforces the regression of

inflammation and apoptosis/necrosis of hepatocytes. Sec-

ond, NASH is not an indispensable intermediate step on the

way to the development of significant fibrosis/cirrhosis in

morbidly obese patients. Fibrosis without prior steatohepa-

titis is a known optional event in the natural history of

alcoholic liver disease that pathomorphologically is very

similar to NAFLD. It is conceivable that, in morbidly obese

patients, high levels of adipokines and hyperinsulinemia

stimulate directly or indirectly stellate cells without con-

current injury to hepatocytes.

Angiogenesis seems to play an important role in the

progression of chronic liver disease as neovascularization

has been shown to be closely associated with fibrosis and

development of portosystemic microcollaterals [31]. The

mechanisms of angiogenesis are executed by increased

levels of VEGF-A and angiopoietin I and their receptors.

Our study suggests that angiogenesis is triggered differ-

ently in obese and nonobese patients. In obesity, the

angiogenesis was activated at an early stage of the natural

history of NAFLD, namely simple steatosis, whereas in

nonobese patients activated at the level of NASH. Devel-

opment of NASH in severely obese patients had no influ-

ence on hepatic expression of angiogenic factors. By

contrast, these factors were positively correlated with the

severity of fibrosis. This observation clearly indicates that

development of fibrosis is preceded by angiogenesis that is

independent of NASH.

In conclusion, patients with morbid obesity do not differ

in severity of steatosis, hepatocyte damage, and lobular

inflammation compared with nonobese NAFLD subjects,

however, they have more significant fibrosis. In severely

obese patients, fibrosis and angiogenesis seem to be inde-

pendent of NASH and are activated at the stage of simple

steatosis.
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