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Abstract

Background & Aims—Nonalcoholic fatty liver disease (NAFLD) is extremely common among
morbidly obese patients. We assessed the usefulness of plasma caspase-generated cytokeratin 18
(CK-18) fragments as a novel marker for NAFLD in a bariatric cohort.

Methods—The cohort consisted of 99 consecutive patients who underwent liver biopsy at the time
of bariatric surgery. CK-18 levels were measured using an enzyme-linked immunosorbant assay
before and 6 months after surgery. Patients were subdivided into four histological groups: not
NAFLD (normal liver biopsy), NAFL, borderline diagnosis, and definitive nonalcoholic
steatohepatitis (NASH).

Results—CK-18 levels were significantly higher in subjects with NASH compared to those with
not NAFLD, NAFL, or borderline diagnosis (median [Q25, Q75]: 389 U/L [275, 839] vs. 196 U/L
[158, 245], vs. 217 U/L [154, 228], or vs. 200 U/L [176, 274], respectively; P<0.0001). CK-18 levels
were significantly higher in subjects with moderate to severe fibrosis versus those with no or mild
fibrosis (334.5 U/L [240.5, 896] vs. 207 U/L [175, 275], respectively; P=0.007). A significant
decrease in CK-18 levels was observed in most patients 6 months postoperatively. The area under
the ROC curve for NASH diagnosis was estimated to be 0.88 (95% CI: 0.77, 0.99). The values with
the best combination of sensitivity and specificity were 252 U/L (sensitivity = 82%, specificity =
77%) and 275 U/L (sensitivity = 77%, specificity = 100%).

Conclusion—These results support the potential utility of this test for diagnosis and staging of
NAFLD before bariatric surgery.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease
in the United States and occurs mainly in overweight or obese individuals (1,2). It is extremely
common among patients undergoing bariatric surgery (3,4). NAFLD encompasses a wide
spectrum of conditions ranging from nonalcoholic fatty liver (NAFL) or steatosis to
nonalcoholic steatohepatitis (NASH) to cirrhosis (5). NASH is a potentially serious condition
since as many as 25% of patients may progress to cirrhosis and experience its complications
(6,7). A liver biopsy remains the only reliable way to differentiate steatosis from NASH and
determine the stage and grade of the disease (8). Morbidly obese patients undergoing bariatric
surgery are a group at particular risk for NAFLD and for development of the more serious
forms of this condition (9,10). Development of reliable noninvasive biomarkers to diagnose
and determine disease severity prior to bariatric surgery and to monitor disease status
postoperatively would be of significant clinical utility.

Increased hepatocyte death by apoptosis may play an important role in liver injury and disease
progressionin NAFLD (11). During the process of apoptosis, effector caspases (mainly caspase
3) are activated and cleave a number of substrates inside the cell including cytokeratin 18
(CK-18), the major intermediate filament protein in the liver, resulting in the characteristic
morphologic changes of apoptosis (11). Previously, we demonstrated that the plasma
concentration of caspase-generated CK-18 fragments accurately differentiate NASH from
NAFL and predicts stage of fibrosis in patients with NAFLD (12,13). The aim of this study
was to assess the utility of this novel biomarker in determining NASH, assessing disease
severity and monitoring disease status following bariatric surgery in morbidly obese patients.

PATIENTS AND METHODS

Patient characteristics

The study was approved by the Cleveland Clinic Institutional Review Board. Our cohort
consisted of 99 consecutive patients who underwent liver biopsy at the time of bariatric surgery
as part of a standard clinical procedure. > The diagnosis of NAFLD was based on liver biopsy
features as assessed by an experienced hepatopathologist (L.Y.). Patients were subdivided into
four histological groups: not NAFLD (normal liver biopsy), NAFL, borderline diagnosis and
definitive NASH. The NAFLD NIDDK activity score (14) was applied to each patient (see
below). Demographic, clinical and laboratory data were obtained from clinic visits (2—4 wks)
prior to surgery. The absence of current excessive alcohol use was defined by an average daily
consumption of alcohol of <20 grams/day for men and <10 grams/day for women. Prevalence
of diabetes, hypertension and hyperlipidemia was assessed by review of past medical history.
Prevalence of diabetes was based on past medical history and/or fasting plasma glucose of
126mg/dl or greater.

Liver histology—The histological diagnosis of NAFLD was established by the study
pathologist according to her expertise and following the NAS in a blinded manner regarding
the CK-18 fragment measurements and patient’s clinical and laboratory data (14). In this
scoring system, the degree of steatosis, liver injury and inflammatory activity is measured using
an 8-point scale (steatosis 0-3; lobular inflammation 0-3; ballooning degeneration of
hepatocytes 0-2). The NAS is the unweighted sum of steatosis, lobular inflammation and
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hepatocellular ballooning scores. The stage of fibrosis was similarly measured using a 6-point
scale (1a, b = mild (1a)/moderate (1b) zone 3 perisinusoidal fibrosis; 1c = portal fibrosis only;
2 = zone 3 and portal/periportal fibrosis; 3 = bridging fibrosis; 4 = cirrhosis).

Measurement of caspase-generated CK-18 fragments in the blood—CK-18 levels
were measured in 86 patients who had plasma available within one week prior to surgery using
a sandwich immunoELISA specific for CK-18 fragments. Additionally, CK-18 levels were
measured 6 months after bariatric surgery in those patients with available plasma (n = 34). All
samples were initially processed to plasma and stored frozen at —80°C. The plasma was
subsequently used for quantitative measurement of the apoptosis-associated neo-epitope in the
C-terminal domain of CK-18 by the M30-Apoptosense ELISA kit (PEVIVA, Alexis,
Griinwald, Germany). All assays were performed in duplicate and the absorbance was
determined using a microplate reader (Molecular Devices M2, Sunnyvale, California, US).

Statistical Analysis—Descriptive statistics were computed for all variables. These include
means and standard deviations or medians, as well as 25th and 75th percentiles for continuous
factors. For categorical variables, frequencies and percentages were estimated. Kruskal-Wallis
and Dunn’s tests were used to assess whether CK-18 levels were significantly different between
the three subject groups. In addition, Wilcoxon rank sum tests were used to compare CK-18
levels between subjects with moderate to severe fibrosis and those with mild fibrosis.
Spearman’s correlation coefficients were used to assess associations between CK-18 levels
and histological characteristics. Logistic regression analysis was used to assess the association
between plasma levels of CK-18 fragments and the likelihood of having definitive NASH as
opposed to simple steatosis. To predict the presence of NASH with optimal sensitivity and
specificity, receiver operating characteristic curve analysis was used to estimate potential
cutoff values of plasma CK-18 fragments. The same was done to assess the utility of CK-18
levels in the prediction of fibrosis. A P value of 0.05 was considered statistically significant.
SAS version 9.1 software (SAS Institute, Cary, NC) and R 2.0.1 software (The R Foundation
for Statistical Computing) were used to perform all analyses.

Characteristics of the patient population

The main clinical and laboratory characteristics of the patients are described in Table 1 while
the histological characteristics of the liver biopsies are summarized in Table 2. The patients’
age (median 51 years), gender (68% females), and BMI (median 48 kg/m?) did not statistically
differ among the four histological groups. There was no difference in the prevalence of diabetes,
hypertension or hyperlipidemia among the groups. Serum AST and ALT were within the
normal range in most patients, although subjects with NASH tended to have significantly higher
AST and ALT levels than both subjects without NAFLD and those with NAFL. In addition,
borderline subjects had higher ALT levels than those without NAFLD.

CK-18 fragments are markedly increased in patients with definitive NASH

Plasma levels of CK-18 fragments ranged from 103 to 1000 U/L (Median (Q25, Q75): 226 U/
L (177, 298)). Compared to either subjects with not NAFLD, NAFL or borderline diagnosis,
CK-18 levels were significantly higher in subjects with NASH (median (Q25, Q75): 196 (158,
245) vs. 217 (154, 228) vs. 200 (176, 274) vs. 389 (275, 839), respectively; P<0.0001) (Fig.
1). On the other hand, there was no evidence to suggest a difference in CK-18 levels between
subjects without NAFLD, and those with NAFL or borderline diagnosis (P>0.40).

CK-18 fragment levels showed a significant positive correlation with NAS, the individual NAS
components, as well as with fibrosis (Table 3). The majority of patients had no or mild fibrosis;
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nevertheless, CK-18 levels were significantly higher in subjects with moderate to severe
fibrosis (stage 2-3) than in those with no or mild fibrosis (stage 0 -1) (median (Q25, Q75):
334.5 (240.5, 896) vs. 207 (175, 275), respectively; P=0.007) (Fig. 2, and Fig. 3). Moreover,
we further performed a restricted analysis looking only at patients with NASH or borderline
diagnosis and found similar results: CK-18 levels were significantly higher in those patients
with borderline diagnosis or NASH with moderate to severe fibrosis than in those with no or
mild fibrosis (334.5 (240.5, 896) vs. 234.5 (181.5, 346), respectively; P=0.047).

CK-18 fragments as an independent predictor of NASH

The risk of having definitive NASH on liver biopsy increased with increasing CK-18 fragment
levels. For every 50 U/L increase in the plasma level of CK-18, the likelihood of having NASH
increased 2.45 times (OR (95% ClI): 2.45 (1.20, 5.00)). Using the area under the receiver
operating characteristic (ROC) curve approach we next calculated potential cutoff values to
separate patients with “definitive NASH” from those with simple steatosis or borderline
diagnosis (Fig. 4). The area under the ROC curve was estimated to be 0.88 (95% CI: 0.77,
0.99) and was found to be significantly higher than 0.5 (i.e. better than chance assignment).
The values with the best combination of sensitivity and specificity were 252 U/L
(sensitivity=82% and specificity=77%) and 275 U/L (sensitivity=77% and specificity=100%).
The positive and negative predictive values with a CK-18 level of 252 U/L were 85.7% and
71.4%, respectively, and with a CK-18 level of 275 U/L were 100% and 72.2%, respectively.

Changes in CK-18 fragment levels following bariatric surgery

CK-18 fragment levels were measured at 6 months after bariatric surgery in 34 patients (8 with
not NAFLD, 5 with NAFL, 11 with borderline diagnosis and 10 with NASH). The baseline
and 6-month laboratory and clinical features of these patients are summarized in Table 4. Of
the 34 patients, 3 (8.8%) had an increase in CK-18 levels and 31 (91.2%) had a decrease. CK-18
decreases ranged between 13% and 88% of the original value with a median value of 44%.
Initial CK-18 fragment concentration was found to be significantly correlated to the percent
change in CK-18 fragment levels (rho (95% CI): 0.59 (0.30, 0.88)). Subjects with NASH had
a significantly greater decrease in CK-18 values than those without NASH (Median (Q25,
Q75): 70 (50, 80) vs. (40 (20, 50); p=0.003). In addition, the percent change in CK-18 fragment
levels was positively correlated to changes in both ALT and AST levels (Fig. 5).

DISCUSSION

Obesity is major public health problem worldwide (15) and it is strongly associated with
NAFLD, an increasingly recognized form of chronic liver disease that can progress to cirrhosis
and end-stage liver disease (16,17). Morbidly obese patients are a population at particular risk
for developing NAFLD (18,19) and recent studies assessing the histological characteristics of
liver biopsies from these patients at the time of bariatric surgery have demonstrated that
NAFLD is almost universally present (3,20-22). Thirty to 50% of these patients may have
NASH and close to 50% some degree of fibrosis, while about 10% may have severe fibrosis
(3). Moreover, increasing evidence suggests that bariatric surgery is an effective weight loss
treatment that rapidly corrects many of the metabolic complications of obesity including
NAFLD (10,23). At the present time, an invasive liver biopsy is the only reliable way to
diagnose NASH and assess the severity of liver damage (8). A reliable non-invasive test to not
only assess for NASH and disease severity prior to surgery but also allow for frequent
monitoring of disease status after bariatric surgery would be of great clinical utility.

Emerging data suggest that hepatocyte apoptosis may be a key component of the “second hit”
involved in the progression of NAFLD to the more severe forms of this disease (11,24-27). A
central consequence of the apoptotic process is the activation of the effector caspases (mainly
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caspase 3) which cleave a number of different substrates inside the cell including cytokeratin
18 (CK-18), the major intermediate filament protein in the liver, resulting in the characteristic
morphologic changes of apoptosis. We have demonstrated in a small pilot study using a specific
immunoELISA assay that these fragments are strikingly increased in the serum of patients with
NASH as compared to both patients with NAFL and normal liver biopsies (13). Using this
novel approach in a recent study, we were able to demonstrate that determination of CK-18
fragments in the blood accurately identifies the presence of NASH and the severity of fibrosis
on liver biopsy in adult patients with well-characterized NAFLD (12). Our current data extend
these observations by demonstrating that determination of CK-18 fragment levels in the blood
accurate identifies the presence of NASH and disease severity in morbidly obese patients
undergoing bariatric surgery. Using the AUC approach, two cutoff values were identified: the
first one to minimize the rate of false positive results (275 U/L) with a specificity of 100% and
a sensitivity of 77%, and a second one to minimize the false negative rates (252 U/L) with a
specificity of 77% and a sensitivity of 82%. Finally, bariatric surgery resulted in a dramatic
decrease in CK-18 levels 6 months following surgery. These changes were greater in those
subjects with NASH and positively correlated with changes in transaminases, suggesting that
measuring CK-18 fragment levels in the blood may be a useful test to monitor disease status
postoperatively. A limitation of the current study in this regard is that we do not have follow
up liver biopsies to assess histological changes after surgery. However, previous data (10,23)
clearly demonstrate a dramatic effect of bariatric surgery to achieve profound weight loss,
normalize hyperlipidemia, resolve hyperglycemia and improve NAFLD. Therefore, to further
assess the utility of this biomarker to monitor disease status following surgery and as a
prognostic marker in this population, we are in the process of planning a larger longitudinal
prospective study with baseline and 1-year follow up liver biopsies. Thus, the CK-18 test
appears to have several unique features that fulfill many of the requirements for an ideal
biomarker for NAFLD including that the test is simple, easy to measure and handle, and is
reproducible. It not only identifies the presence of NASH but also the risk of associated fibrosis,
and it allows for monitoring disease progression over time.

In summary, our findings support the usefulness of this test as a noninvasive NASH biomarker
in the care of morbidly obese patients undergoing bariatric surgery.
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Figure 1. CK-18 fragments in morbid obese patients undergoing bariatric surgery

Vertical axis is plasma CK-18 levels in U/L and horizontal axis patient groups. The box
represents the interquartile range (the 25th and 75th percentiles) from the median (the
horizontal line), the bars the 95% confidence interval. CK-18 fragment levels were significantly
increased in patients with NASH as compared to patients with normal liver biopsy, NAFL and
borderline diagnosis.
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Figure 2. CK-18 fragments are increased with the severity of fibrosis on liver biopsy

Vertical axis is plasma CK-18 levels in U/L and horizontal axis is the grade of fibrosis. The
box represents the interquartile range (the 25th and 75th percentiles) from the median (the
horizontal line), the bars the 95% confidence interval. CK-18 fragment levels were significantly
higher in patients with moderate to severe fibrosis (stage 2-3) compared to those patients with
no or mild fibrosis (stage 0-1).
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Figure 3. CK-18 fragments positively correlates with stage of fibrosis on liver biopsy

Vertical axis is plasma CK-18 levels in U/L and horizontal axis is the stage of fibrosis. The
box represents the interquartile range (the 25th and 75th percentiles) from the median (the
horizontal line), the bars the 95% confidence interval.
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Figure 4. CK-18 fragment levels accurately diagnose NASH in morbid obese patients undergoing
bariatric surgery

The area under the ROC curve for NASH diagnosis was estimated to be 0.88 (95% CI: 0.77,
0.99) and was found to be significantly higher than 0.5 (i.e. better than chance assignment).
The values with the best combination of sensitivity and specificity were 252 U/L
(sensitivity=82% and specificity=77%) and 275 U/L (sensitivity=77% and specificity=100%).

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Diab et al. Page 11

ooooo
e R ©; - ® e
o °
[— el <
£ E s o
o & — ° o ®
CE *
O
= 9 o —
o O - °
_gl-o— R—' <o e
02; '
o
®e B
=0 -
~ —*® ALT
S AST oce
| | T T T
-150 -100 -50 0 50

% Reduction in Aminotransferases level

Figure 5. CK-18 fragment levels significantly decrease following bariatric surgery and the percent
change positively correlates with changes in aminotransferases levels
A positive correlation between changes in CK-18 fragment levels and changes in activities of

ALT and AST is shown. ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 2
Histological Characteristics of the patient population (n = 86)

Factor Number (%)
Steatosis

<5% 31 (36)

5-33% 30 (35)

34-65% 14 (16)

>=66% 11 (13)
Lobular Inflammation

None 34 (39)

<2 under 20x 36 (42)

2-4 under 20x 16 (19)
Ballooning

None 28 (33)

Few 22 (26)

Many 36 (42)
Fibrosis

0 51 (61)

1 21 (25)

2 9(11)

3 3(4)
NAS

0 21 (24)

1 10 (12)

2 3(3.5)

3 14 (16)

4 16 (19)

5 9 (10.5)

6 5 (6)

7 8(9)
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Correlation Between CK-18 Levels and Histological Characteristics

Table 3

Page 14

Factor rho 95% ClI P value
NAS 0.44 (0.24,0.63) <0.001
Steatosis 0.4 (0.20,0.60) <0.001
Lobular Inflammation 0.45 (0.25,0.64) <0.001
Ballooning 0.33 (0.12,0.53) 0.002
Fibrosis 0.27 (0.06,0.48) 0.013
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Table 4
CK-18 fragment levels, BMI, AST and ALT values at baseline and 6 month post-surgery

Page 15

Baseline 6 months
CK-18 fragment levels 248 (183, 338) 133.8 (102.9, 157.5)
BMI 50 (44, 54) 38.5(33, 43)
ALT 22 (14, 34) 13 (10, 24)
AST 21 (16, 30) 17 (14, 21)

Statistics include median (25th and 75th percentiles)
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