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Abstract

AIM: The utility of serum alpha-fetoprotein (a-FP)
in the detection of hepatocellular carcinoma (HCC) is
questionable. Very high circulating levels of nociceptin/
orphanin FQ (N/OFQ), a ligand for a novel opioid
receptor, have recently been reported in HCC. The aim of
this study was to assess the role of plasma N/OFQ in the
diagnosis of HCC arising in patients with liver cirrhosis.

METHODS: Plasma N/OFQ levels were measured by
ELISA in 58 patients (28 HCC and 30 liver cirrhosis) and
in 25 healthy controls. The values were correlated with
clinical and laboratory features including o-FP. Spearman
index, biserial correlation coefficient, non parametric
combination (NPC) test and discriminant stepwise
analysis were used for statistical evaluation of data.

RESULTS: The upper normal limit of nociceptin was
122 pg/mL. Plasma levels above this cut-off were found
in 21.4% of patients with HCC, in 23.3% of those with
cirrhosis and in 8% of healthy subjects. a-FP serum
levels > 200 ng/mL were found in 46.4% of the patients
with HCC and in none of those with cirrhosis. No
correlation was found between N/OFQ levels and any of
the clinical and laboratory features, including a-FP. By
NPC test, HCC and cirrhotic patients were different with
regard to o-FP (P = 0.000) but not in terms of nociceptin
(P = 0.595). By point biserial correlation, HCC presence
was positively correlated with a-FP (rpb = 0.52, P =
0.000) but not with N/OFQ (rpb = 0.16, P = 0.157). In
a discriminant analysis, a-FP was significant in the Wilks
test (Y = -0.709 + 0.03 o-FP) and properly classified
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81% of all patients and 61% of HCC. N/OFQ had lower
sensitivity, specificity and predictive values than o-FP.

CONCLUSION: Nociceptin is increased in patients with
chronic liver disease, independently of the presence of
HCC, although the underlying mechanism has yet to be
clarified. We conclude it is not a useful marker for HCC.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Nociceptin/orphanin FQ (N/OFQ) is a 17-aminoacid
neuropeptide with selective binding affinity for a novel
opioid receptor-like 1 (ORL1/NOP). N/OFQ is
synthesized in the neurons of the central and peripheral
nervous system and is present in the blood and in the
cerebrospinal fluid. The N/OFQ/NOP system has been
implicated in a variety of biological functions at both
central and peripheral levels: pain modulation, immunity,
memory, learning, feeding, locomotion, thermoregulation
and activities of the gastrointestinal, cardiovasculat, renal
and respiratory systems'™”. However, its precise biological
role in humans has not been fully defined. The presence
of N/OFQ/NOP has also been reported in human
neuroblastoma cell-lines”. N/OFQ is detectable in the
blood and high circulating levels have been reported in
incidences of acute and chronic pain, where they are
correlated with the duration of symptoms'”. In Wilson
disease, probably in relation to altered catabolism caused
by liver and/or brain deposits of copperlsj, and in cirrhosis
of the liver” slightly increased circulating levels of N/
OFQ have recently been found. Moreover, very high
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levels have been reported in patients with hepatocellular
carcinoma (HCC) suggesting that plasma N/OFQ level
might represent a specific marker for HCC',

HCC is the leading cause of death in patients with
cirrhosis of the liver”!. The most commonly used
serological marker for HCC surveillance, alpha-fetoprotein
(a-FP), has highly variable sensitivity and specificitym
while the diagnostic utility of other markers, such as des—X—
carboxyprothrombin', human hepatocyte growth factor"”,
and serum chromogranin-A""! remains unclear.

The aim of this study was to investigate the utility of
plasma N/OFQ levels in the diagnosis of HCC in patients

with liver cirrhosis.

MATERIALS AND METHODS

Patients and healthy subjects

Fifty-eight consecutively observed patients, 28 with HCC
and 30 with liver cirrhosis, and 25 healthy members of the
medical staff were included in the study. Informed written
consent was obtained from patients and healthy controls.
The diagnosis of HCC was based on imaging findings
and/or histological confirmation. The diagnosis of liver
cirrhosis was clinical and/or histological. The demographic
and clinical characteristics of the populations studied are
shown in Table 1.

Parameters examined

Clinical features (age, gender, etiology, Child-Pugh score,
HCC size, presence of pain) and laboratory parameters as
reported in Table 2 (plasma N/OFQ, serum a-FP, blood
glucose, blood urea, serum creatinine, K, Na, Ca, bilirubin,
aspartate aminotransferase, alanine aminotransferase,
gamma glutamyl transpeptidase, alkaline phosphatase,
lactic dehydrogenase, creatine phosphokinase, amylases,
cholinesterase, albumin, erythrocyte sedimentation rate,
C-reactive protein, fibrinogen, international normalized
ratio, hemoglobin, red blood cells, white blood cells,
platelets) were evaluated through statistical analysis.

N/OFQ assay

Blood drawn from fasting subjects between 7.30 and
9.30 AM was collected in tubes containing K-EDTA.
Aprotinin was immediately added to inhibit proteases.
Plasma samples, stored at -80°C for less than one month,
were loaded onto C-18 containing Sep-columns (Phoenix
Europe GmbH, Karlsruhe, Germany), washed with 0.1%
trifluoroacetic acid, eluted with 60% acetonitrile in 1%
trifluoroacetic acid and freeze-dried. ELISA assay of N/
OFQ was performed using a commercially available kit
(Phoenix Europe GmbH, Karlsruhe, Germany). Briefly, the
lyophilized samples reconstituted with assay buffer were
placed in microwells, together with rabbit anti-orphanin
FQ serum and biotinylated peptide. After 2 h incubation
at room temperature, streptavidin-horseradish peroxidase
was added followed by a 1 h incubation. After washing, 100
uL. of substrate solution was added and the reaction was
terminated after 1 h with 100 uL. of 2N HCI. Absorbance
was read at 450 nm and results were compared to a
standard curve ranging from 10 to 100.000 pg/mL.

HCC Cirrhosis Controls
Number of patients 28 30 25
Mean age + SD (yr) 70+4.8 653+11.1 354+13.9
Male/Female 20/8 21/9 10/15
Etiology 1 (%)
HCV 24 (85.8) 15 (50)
HBV - 3 (10)
Alcohol 8(26.7)
Cryptogenic 4 (13.3)
Child - Pugh score 1 (%)
A 22 (78.6) 19 (63.3)
B 6 (21.4) 7 (23.3)
C 4(13.3)
Patients with pain (%) 4 (14.3) 5 (16.6) 6 (24)
HCC diameter min-max (cm) 1.2-125

HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular
carcinoma.

Statistical analysis

Correlations among the variables studied were calculated
using non-parametric Spearman index and biserial
correlation coefficient!”) as appropriate. Differences
between groups were evaluated using the Non Parametric
Combination Test, NPC'". P < 0.05 was considered as
statistically significant. Variables discriminating the groups
of patients were identified with discriminant stepwise
analysis (Wilks test and Classification results)!"”. The upper
normal limit of N/OFQ was defined as the 95" percentile
of the values in healthy controls. Software packages used
were Methodologica S.R.L. (2001) for non-parametric
analysis NPC test, Confidence Interval Analysis (CIA)
Windows version 2.0 (2000) for sensitivity and specificity
evaluation, and SPPS, Windows 11.0 (2001) for correlation
index and disctiminant analysis.

RESULTS

The upper normal limit of N/OFQ was 122 pg/mL.
Plasma levels above this cut-off were found in 6 patients
with HCC (21.4%), in 7 patients with cirrhosis (23.3%) and
in 2 healthy subjects (8%). a-FP serum levels > 200 ng/mL,
reported in the literature as highly suggestive for HCC™,
were found in 13 patients with HCC (46.4%) and in none
of the patients with cirrhosis (Figure 1).

In all the groups, N/OFQ levels wete not correlated
with any of the demographic-clinical features nor with
the laboratory parameters mentioned in the materials and
methods section. In particular, N/OFQ levels were not
correlated with a-FP levels.

The NPC test showed that patients with HCC and
patients with cirrhosis were significantly different with
regard to o-FP (P = 0.000), but not according to N/OFQ
levels (P = 0.595). Point biserial correlation showed that
HCC presence was positively correlated with the levels
of a-FP (rpb = 0.52 P = 0.000) but not with those of
N/OFQ (rpb = 0.16 P = 0.157). Within the discriminant
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Figure 1 N/OFQ (pg/mL) and a-FP (ng/mL) values in patients with HCC, with cirrhosis and in healthy controls.

Mean values + SD HCC Cirrhosis  Controls
a-FP (ng/mL) 346 £461°  92+8 39404
N/OFQ (pg/mL) 728 £1460  515+1205 138 +493
Aspartate aminotransferase 60 +28.5 54 +35 26+9
(U/L)

Alanine aminotransferase 37+15 53 £50.5 33 +£10.5
(/L)

y-glutamyl transpeptidase 111+ 58 78 + 60 28 +£11
(U/L)

Alkaline phosphatase (U/L) 325+113.5 285+185  122+75
Cholinesterase (U/L) 3695+1910 4105 +2891 9680 + 2899
Bilirubin (mg/dL) 1.6+13 377 05£0.3
Albumin (g/dL) 32+04 34+0.6 37+04
Lactic dehydrogenase (U/L) 418 £53.5 347 £ 89 263+78
Creatine phosphokinase (U/L) 136 + 61 72+18 87 £52
Amylases (U/L) 107 £19 90 + 33 76 45
Blood urea (mg/dL) 44 +16 71+425 32+11
Creatinine (mg/dL) 11+£03 1.2+£05 09+0.2
Na (mmol/L) 135+3.8 136 £ 6.8 139+5.1
K (mmol/L) 44+03 45+05 43+05
Ca (mg/dL) 91+£05 87+04 49+03
Red blood cells (10°/mm®) 3.8+0.6 19+17 42+02
With blood cells (10°/mm’) 49+2 5+1.8 7+13
Hemoglobin (g%) 11.7+15 10.6+22  13.6+0.9
Platelets (10°/mm°) 116 +48 99 + 47 249 + 58
Blood glucose (mg/dL) 96 + 14 111+38 78 £11
Erythrocyte sedimentation 66.6+17.7 494+171 74+41
rate (mm)

C-reactive protein (mg/L) 184+29.7 103%97 27+14
Internationl Normalized Ratio 1.22+0.2 1.31+0.3 0.8+0.1
Fibrinogen (mg/L) 288 £103 243 + 68 291+93

°P < 0.001 vs cirrhosis and controls.
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N/OFQ a-FP
Sensitivity % (CI) 214 (0.06 - 0.36) 46.4 (0.29 - 0.64)
Specificity % (CI) 76.7 (0.61 - 0.91) 100 (0.88 - 1.00)
Positive predictive 46.2 (0.19-0.73) 100 (0.77 - 1.00)
value % (CI)
Negative predictive 51.1 (0.36 - 0.65) 66.7 (0.52-0.78)
value % (CI)
Positive likelihood 0.92 (0.35 - 2.40) £ (4.01 - o)
ratio (CI)
Negative likelihood 1.02 (0.77 - 1.35) 0.53 (0.33 - 0)
ratio (CI)

analysis, the Wilks test showed that only a-FP was
significant in the model (Y = -0.709 + 0.03 a-FP). The
classification of results demonstrated that o-FP properly
classified 81% of all patients and 61% of patients with
HCC. Sensitivity, specificity and predictive values of N/
OFQ and a-FP in the diagnosis of HCC are reported in
Table 3.

DISCUSSION

HCC is the third leading cancer-related cause of death
wotldwide!"”. In western countries, HCC arises in cirrhotic
livers with an annual incidence of 3%-5%. Early detection
of HCC allows optimal application of curative treatments.
The increased survival, after radical treatment in the
last decade, recommends surveillance for detection of
early HCC in cirrhosis"®. Ultrasonography plays a key
role in the detection of HCC but its sensitivity for small
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nodules is low"” and other imaging techniques, such as
CT and MRI, are too expensive for screening programs.
An elevation in serum @-FP is associated with HCC but
it is also elevated in non-hepatic malignancies"” and in
hepatitis'”. Although the diagnostic accuracy of serum
o-FP is highly variable in the reported series depending
on the cut-off level™, it remains the most commonly used
serological marker for HCC surveillance. The diagnostic
value of other markers proposed so far, such as des-y-
carboxyprothrombin, human hepatocyte growth factor'"”,
serum chromogranin-A"" is not well defined. It has
recently been published that plasma levels of N/OFQ are
very high in all patients with HCC, including those with
normal g-FP", With the aim to define if plasma N/OFQ
values represent an indicator of HCC even in absence of
increased a-FP, we studied circulating N/OFQ and o-FP
levels in patients with liver cirrhosis, with and without
HCC, comparing the diagnostic value of the two markers.

Mean N/OFQ values were higher both in patients
with liver cirrhosis alone and in those with HCC than in
controls, but did not differ significantly between the two
patient groups, with a similar percentage of values above
the normal range. On the other hand, mean -FP levels in
HCC patients were higher than in cirrhotics, with a higher
percentage of values > 200 ng/mL. The NPC test showed
significant differences between patients with and without
HCC with regard to a-FP but not for N/OFQ. Such data
are in accordance with the results of Szalay e# a/” with
respect to the increase in plasma N/OFQ values seen in
cirthotic patients, but do not confirm the unique finding
of extremely elevated values in the entire population
with HCC. Since the demographic and clinical features,
including size of the tumor and presence of pain, are
similar among the patients enrolled in the two studies, we
are not able to suggest any explanation other than possible
genetic differences for the discordant results.

Receptors for N/OFQ are normally present in the liver
as shown by detection of mRNA for the ORL1/NOP
receptor”’. Therefore, an increase in plasma N/OFQ
values in some patients with chronic liver disease, with and
without HCC, might be due to the chronic liver disorder
with a reduced ability to bind N/OFQ.

Transcription of the N/OFQ gene is enhanced by
estrogen””, therefore another explanation for the increase
of N/OFQ plasma levels in cirrhotic livers, independently
of the presence of HCC, might be the increase of
estrogen hormones, common in patients with advanced
liver disease.

A higher N/OFQ content has been shown in HCC
tissue as compared to tumor-free liver tissue in one patient
with PBC® and in rats with experimentally induced
tumors”!, suggesting that the HCC cells might produce
N/OFQ or give signals for neuronal production. However,
we were not able to find any correlation between plasma
N/OFQ levels and tumor size, in agreement with the
finding of Szalay ez al”.

Peripheral blood neutrophils express and secrete
N/OFQ following degranulation”; N/OFQ stimulates
P and is present at sites of inflammation, such
as synovial exudates”™. However, in this study, we were not
able to correlate the amounts of circulating N/OFQ with

chemotaxis

any of the inflammatory indices (erythrocyte sedimentation
rate, C-reactive protein, petipheral leukocytes, fibrinogen,
platelets).

It has been demonstrated that N/OFQ plays a role in
the perception of pain, inhibiting the release of various
neurotransmitters, including pain related peptides”™*,
Howevet, no correlation between plasma values of N/
OFQ and the presence of pain in any of the groups
studied was found.

When we compated the diagnostic utility of N/OFQ
and o-FP in HCC, a-FP had better sensitivity (46% vs
21%), better specificity (100% »s 77%), higher positive
predictive value (100% »s 46%) and negative predictive
value (67% vs 51%).

In conclusion, from our expetience, N/OFQ cannot
be recommended as a marker for early detection of HCC
in patients with liver cirrhosis. o-FP is very specific when
a high cut-off (200 ng/mL) is adopted but its sensitivity
is low. N/OFQ is increased in patients with chronic liver
disease, independent of the presence of HCC, although
the underlying mechanism needs to be clarified. In the
diagnosis of HCC, further research is needed in order to
find serum markers more sensitive than o-FP.

ACKNOWLEDGMENTS

We would like to thank Dr. Maria Concettina Tripoli for
her important contribution in the revision of the English

language
REFERENCES

1 Calo’ G, Guerrini R, Rizzi A, Salvadori S, Regoli D. Pharma-
cology of nociceptin and its receptor: a novel therapeutic tar-
get. Br | Pharmacol 2000; 129: 1261-1283

2 Mogil JS, Pasternak GW. The molecular and behavioral phar-
macology of the orphanin FQ/nociceptin peptide and receptor
family. Pharmacol Rev 2001; 53: 381-415

3 Spampinato S, Di Toro R, Qasem AR. Nociceptin-induced
internalization of the ORL1 receptor in human neuroblastoma
cells. Neuroreport 2001; 12: 3159-3163

4 Ko MH, Kim YH, Woo RS, Kim KW. Quantitative analysis of
nociceptin in blood of patients with acute and chronic pain.
Neuroreport 2002; 13: 1631-1633

5 Hantos MB, Szalay F, Lakatos PL, Hegedus D, Firneisz G, Re-
iczigel ], Torok T, Tekes K. Elevated plasma nociceptin level in
patients with Wilson disease. Brain Res Bull 2002; 58: 311-313

6 Szalay F, Hantos MB, Horvath A, Lakatos PL, Folhoffer A,
Dunkel K, Hegedus D, Tekes K. Increased nociceptin/orph-
anin FQ plasma levels in hepatocellular carcinoma. World |
Gastroenterol 2004; 10: 42-45

7 Benvegnu L, Gios M, Boccato S, Alberti A. Natural history
of compensated viral cirrhosis: a prospective study on the
incidence and hierarchy of major complications. Gut 2004; 53:
744-749

8 Daniele B, Bencivenga A, Megna AS, Tinessa V. Alpha-
fetoprotein and ultrasonography screening for hepatocellular
carcinoma. Gastroenterology 2004; 127: S108-5112

9 Aoyagi Y, Oguro M, Yanagi M, Mita Y, Suda T, Suzuki Y, Hata
K, Ichii K, Asakura H. Clinical significance of simultaneous
determinations of alpha-fetoprotein and des-gamma-carboxy
prothrombin in monitoring recurrence in patients with hepa-
tocellular carcinoma. Cancer 1996; 77: 1781-1786

10 Yamagamim H, Moriyama M, Matsumura H, Aoki H, Shimi-
zu T, Saito T, Kaneko M, Shioda A, Tanaka N, Arakawa Y.
Serum concentrations of human hepatocyte growth factor is a
useful indicator for predicting the occurrence of hepatocellular

www.wjgnet.com



4720 ISSN 1007-9327  CN 14-1219/R

World ] Gastroenterol

August 7, 2006 Volume 12 Number 29

11

12

13

14

15

16

17

18

19

20

carcinomas in C-viral chronic liver diseases. Cancer 2002; 95:
824-834

Spadaro A, Ajello A, Morace C, Zirilli A, D’arrigo G, Luigiano
C, Martino F, Bene A, Migliorato D, Turiano S, Ferrau O, Fre-
ni MA. Serum chromogranin-A in hepatocellular carcinoma:
diagnostic utility and limits. World | Gastroenterol 2005; 11:
1987-1990

Chen PY, Popovich PM. Correlation: Parametric and nonpara-
metric measures. Thousand Oaks, CA: Sage Publications, 2002
Pesarin F. Multivariate permutation tests: with application in
biostatistic. Chichester, New York, Weinheim, Brisbane, Singa-
pore, Toronto: John Wiley & sons, LTD 2001

Hirdle W, Simar L. Applied Multivariate Statistical Analysis.
Berlin, Heidelberg, New York, Hong Kong, London, Milan,
Paris, Tokyo: Springer-Verlag, 2003

Parkin DM, Bray F, Ferlay ], Pisani P. Global cancer statistics,
2002. CA Cancer ] Clin 2005; 55: 74-108

Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet 2003; 362: 1907-1917

Kim CK, Lim JH, Lee W]. Detection of hepatocellular carci-
nomas and dysplastic nodules in cirrhotic liver: accuracy of
ultrasonography in transplant patients. | Ultrasound Med 2001;
20: 99-104

MclIntire KR, Waldmann TA, Moertel CG, Go VL. Serum
alpha-fetoprotein in patients with neoplasms of the gastroin-
testinal tract. Cancer Res 1975; 35: 991-996

Bayati N, Silverman AL, Gordon SC. Serum alpha-fetoprotein
levels and liver histology in patients with chronic hepatitis C.
Am | Gastroenterol 1998; 93: 2452-2456

Nguyen MH, Garcia RT, Simpson PW, Wright TL, Keeffe EB.
Racial differences in effectiveness of alpha-fetoprotein for
diagnosis of hepatocellular carcinoma in hepatitis C virus cir-

www.wjgnet.com

21

22

23

24

25

26

27

28

rhosis. Hepatology 2002; 36: 410-417

Wang JB, Johnson PS, Imai Y, Persico AM, Ozenberger BA,
Eppler CM, Uhl GR. cDNA cloning of an orphan opiate recep-
tor gene family member and its splice variant. FEBS Lett 1994;
348: 75-79

Xie GX, Ito E, Maruyama K, Suzuki Y, Sugano S, Sharma M,
Pietruck C, Palmer PP. The promoter region of human prepro-
nociceptin gene and its regulation by cyclic AMP and steroid
hormones. Gene 1999; 238: 427-436

Horvath A, Folhoffer A, Lakatos PL, Halosz J, Illyes G, Schaff Z,
Hantos MB, Tekes K, Szalay F. Rising plasma nociceptin level
during development of HCC: a case report. World | Gastroente-
rol 2004; 10: 152-154

Horvath A, Folhoffer A, Csak T, Lakatos PL, Zalatnai A, Han-
tos MB, Tekes K, Szalay F. Increased nociceptin and nocistatin
in plasma, cerebrospinal fluid and tumor tissue indicates al-
tered opioid system in rats with experimental hepatocellular
carcinoma. | Hepatol 2004; 40 S1: 79 AB 250

Fiset ME, Gilbert C, Poubelle PE, Pouliot M. Human neu-
trophils as a source of nociceptin: a novel link between pain
and inflammation. Biochemistry 2003; 42: 10498-10505

Serhan CN, Fierro IM, Chiang N, Pouliot M. Cutting edge:
nociceptin stimulates neutrophil chemotaxis and recruitment:
inhibition by aspirin-triggered-15-epi-lipoxin A4. | Immunol
2001; 166: 3650-3654

Schlicker E, Morari M. Nociceptin/orphanin FQ and neu-
rotransmitter release in the central nervous system. Peptides
2000; 21: 1023-1029

Helyes Z, Németh ], Pintér E, Szolcsanyi J. Inhibition by noci-
ceptin of neurogenic inflammation and the release of SP and
CGRP from sensory nerve terminals. Br | Pharmacol 1997; 121:
613-615

S- Editor Wang ] L- Editor Barrett KE E- Editor Bai SH



