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Serum midkine is a more
 sensitive predictor for
hepatocellular carcinoma than Dickkopf-1 and
alpha-L-fucosidase in cirrhotic HCV patients
Ayman F. El-Shayeb, MDa,b , Nihal M. El-Habachi, MDb,c , Amal R. Mansour, MDc,d ,
Mariam S. Zaghloul, MDe,∗

Abstract
Alpha fetoprotein (AFP) level is the gold standard diagnostic tool for detection and monitoring hepatocellular carcinoma (HCC) but with
low sensitivity. Thus, the identification of alternative or combined serummarkers ofHCC is highly needed. Therefore, the aim of thiswork
was to verify the value of serummidkine (MDK), Dickkopf-related protein 1 (DKK1), and alpha-L-fucosidase (AFU) in detection of HCC.
We recruited 244 subjects to the present study; 89 with liver cirrhosis, 86 cirrhotic hepatitis C virus (HCV) induced HCC, and 69

apparently healthy volunteers as controls. Serum AFP, MDK, DKK1, and AFU were measured by ELISA.
Patients with HCC showed significantly higher serumMDK, DKK1, and AFU levels compared with those patients with liver cirrhosis

and healthy controls (X2=179.56, 153.94, and 90.07 respectively) (P< .001 in all). In HCC cases, neither of MDK, DKK1, or AFU was
correlated with tumor number. On the other hand, only serum DKK1 was significantly higher in lesions >5cm, those with portal vein
thrombosis and advanced HCC stage. Receiver operator characteristic (ROC) curve analysis showed that serum MDK levels
discriminated between cirrhosis and HCC at a sensitivity of 100%, a specificity of 90% at cut-off value of >5.1ng/mL.
Although our results showed that serum MDK, DKK-1, and AFU are increased in HCC cases only MDK may be considered as the

most promising serological marker for the prediction of the development of HCC in cirrhotic HCV patients.

Abbreviations: AFP = alpha fetoprotein, AFU = alpha-L-fucosidase, DKK1 = Dickkopf-related protein 1, HCC = hepatocellular
carcinoma, IQR = interquartile range, MDK =midkine, ROC = receiver operator characteristic, WNT/B =wingless related integration
site.

Keywords: alpha-L-fucosidase, biological markers of hepatocellular carcinoma, chronic hepatitis C, Dickkopf-related protein 1,
hepatocellular carcinoma, liver cirrhosis, midkine, serum midkine
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Key Points

� No single biomarker was found to have optimal
performance for diagnosis of HCC.

� Serum MDK, DKK-1, and AFU are increased in HCC
cases and they could complement each other and improve
the early diagnostic rate.
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� MDK alone may be considered as the most promising
serological marker for the prediction of the development
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1. Introduction
Hepatocellular carcinoma (HCC) is the fourth most common
cancer and third leading cause of cancer death worldwide.[1] It
has been recognized that liver cirrhosis is the most common risk
factor for the development of HCC as about 80% of HCC
develop in cirrhotic liver.[2]

Egypt has high prevalence of hepatitis C virus (HCV) antibody
of about 10.0%, and active viraemia HCV RNA of 7.0%
according to the last Egyptian Demographic Health Survey.[3]

Hence the remarkable high incidence of HCV related HCC in
Egypt as demonstrated in several center studies.[4,5]

The diagnosis of HCC patients is difficult particularly in the
early disease development hence alphafetoprotein (AFP) which is
widely used as a diagnostic biomarker has a suboptimal
performance.[6]

Midkine (MDK) is a heparin-binding secreted growth factor
protein of a highly regulated gene family which has a pivotal role
in cell growth and angiogenesis.[7] Over expression of MDK was
observed in various human malignancies including HCC at both
mRNA and protein level.[8]

Wingless related integration site (WNT/B catenin pathway)
plays an important role in cellular homeostasis[9] and
interruption of which may result in developmental abnormali-
ties and diseases particularly cancers.[10] Secreted
WNT antagonists play a role in regulation of WNT/ B catenin,
of these antagonists are the Dickkopf (DKK) proteins’
family.[11]

DKK-1 block the interaction between the secreted WNT
ligands and the low-density lipoprotein receptor related protein
5/6 resulting in B catenin degradation.[12] The oncogenic role of
DKK-1 as well as its prognostic value in cancer outcome was
highlighted by several studies.[13]
Figure 1. Flow ch
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Serum alpha-L-fucosidase (AFU) is one of the liposomal
enzymes that is widely present in tissues and body fluid. AFU is
engaged in the breakdown of fucose containing glycoconju-
gates.[14] Several studies have revealed increases serum levels of
AFU in patients with HCC.[15]

Therefore, the combined use of these promising biomarkers
would aid early accurate diagnosis. Our study aimed to verify the
value of serum MDK, DKK1, and AFU in detection of HCC
development in cirrhotic HCV patients.
2. Patients and methods

This observational cross-sectional study was performed in 175
patients; 89 patients were cirrhotic HCV patients without HCC
(group I) and 86 cirrhotic HCV patients with HCC (group II).
Besides, 69 apparently healthy volunteers were included as a
control group (group III), who were presenting to the outpatient
clinic or the inpatient ward of the main University hospital
between March 2016 and February 2017. Figure 1.
Inclusion criteria: Inclusion of patients with these criteria;

HCV positive proven by PCR, age: 18 to 65years, any sex,
possibility of continuous communication during the study period.
Ultrasound (US) (for all patients) and Triphasic CT examination
was performed for those with US proven hepatic focal lesion to
define HCC patients.
Exclusion criteria: Patients with these conditions were

excluded from the study: Chronic diseases, for example, chronic
hepatitis B virus (HBV) infection, diabetes, renal failure, and
patients with other malignancies. Patients who fail to sign the
informed consent were excluded.
All patients and controls were subjected to proper and detailed

history taking and thorough clinical examination. After
art of patients.
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overnight fasting, blood sampling of 10mL and the sample was
derived into 2 halves; 5mL for routine laboratory investiga-
tion[16]; CBC, liver function tests (AST, ALT, total bilirubin, total
protein and albumin, prothrombin time and activity, and AFP)
and renal function tests, viral markers for hepatitis B (HBs Ag)
and hepatitis C (anti-HCV) by ELISA, and PCR for HCV-
RNA.[17]

The other 5mL were centrifuged, and separate aliquots of
serum were frozen at �80 °C for the time of analysis of serum
Midkine by a commercially available enzyme-linked immuno-
sorbent assay kit (Human Midkine PicoKine ELISA Kit [Boster
Biological Technology, Pleasanton CA, Catalog # EK1235]),
serum DKK1 by using a commercially available enzyme-linked
immunosorbent assay kit (Human DKK-1 PicoKine ELISA Kit
(Boster Biological Technology, Pleasanton CA, Catalog #
EK0867), and serum AFU by a commercially available
enzyme-linked immunosorbent assay kit (Human Tissue alpha-
L-fucosidase, ELISA Kit [EIAab www.eiaab.com, Catalog No:
E0807h]).
2.1. Ethical approval

All patients and healthy controls who participated in the present
study signed an informed consent form. The study protocol was
approved by the Ethics Committee of the Faculty ofMedicine and
is in accordance with the Helsinki Declaration of 1975.
2.2. Statistical methods

Differences between groups were analyzed with the unpaired t
test or the Mann–Whitney U test, where appropriate. Results
were expressed as median and interquartile range (IQR)and were
analyzed by using the Independent-samples Kruskal–Wallis test.
To assess the accuracy of the diagnostic tests, the matched data
sets (chronic liver diseases patients and HCC patients) regarding
Table 1

The clinical and demographic data of the 3 studied groups.

Variable Group I liver cirrhosis (n=89) Group II HCC (n=

Age, y 52 (47–60) 59 (55–62)
ALT, U/L 39 (27–54.5 42.5 (25–74.5
AST, U/L 59 (42–83) 68.5 (45.75–9
Albumin, g/dL 2.7 (2.1–3.2) 2.7 (2.1–3.3)
Total bilirubin, mg/dL 1.7 (1.1–2.4) 1.5 (1–3.4)
Platelet count (�109 L�1) 111.5 (71–143) 76 (55–124)
Child class (A/B/C) 21/41/27 26/32/28
BCLC classification (A/B/C/D) 7/34/12/33

Data are given as median (IQR). Reference intervals are given in parentheses. HCC=hepatocellular car
∗
Significant at P� .05.

Table 2

Serum AFP, MDK, DKK1, and AFU in the 3 studied groups.

Variable Group I liver cirrhosis (n=89) Group II HCC (n=86)

AFP, ng/mL Median (IQR) 8.8 (2.9–30) 108.3 (11.75–516.67)
MDK, ng/mL Median (IQR) 1.96 (1.08–2.8) 12.23 (9.38–21.44)
DKK1, ng/mL 1.82 (1.46–3.42) 7.58 (3.42–20.68
AFU, U/L Median (IQR) 0.38 (0.25–1.35) 0.67 (0.37–1.87)

Data are given as median (IQR). Reference intervals are given in parentheses. AFP= alpha fetoprotein, AF
midkine
∗
Significant at P� .05.
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AFP, MDK, DKK1, and AFU were analyzed by using receiver
operator characteristic (ROC) curve analysis. All statistical
procedures were performed using SPSS software, version 20 for
Windows (IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.).
3. Results

The clinical and demographic data of the 3 studied groups are
shown in Table 1. The mean age of HCC patients was
significantly higher than those with liver cirrhosis and controls
(P= .00 and .01 respectively). In addition, patients with HCC had
statistically significant lower platelet count than those with liver
cirrhosis and controls (P< .001 in both).
3.1. Serum AFP, MDK, DKK1, and AFU

Serum AFP was significantly higher in group II than in groups I
and III (Z=–6.41 and –8.81 respectively) (P= .00 and .00
respectively). Also, serum AFP was significantly higher in group I
than in group III (Z=–5.77) (P= .00) Table 2.
SerumMDKwas significantly higher in group II than in groups

I and III (Z=10.38, 10.58) (P= .00) and in group I than in group
III (Z=3.12 and P= .00).
Also, DKK-1 was significantly higher in HCC cases compared

with cirrhotic and controls (Z=9.66, 10.55) (P= .00). Moreover,
it was significantly higher in cirrhotic patients than controls (Z=
9.20) (P= .00) Table 2.
As regards AFU, it was significantly higher in group II than in

groups I and III (Z=2.75, 8.99) (P= .00) and in group I than in
group III (Z=7.15 and P= .00) Table 2.
In group II (HCC patients), multiple lesions were found in 53

patients and 33 patients presented with single focal lesion. Early
HCC cases were 41 (BCLC A+B) while late HCC cases were 45
(BCLC C+D). Portal vein thrombosis was present in 12 patients
86) Group III healthy (n=69) P
∗

Significance between groups

50 (46–55) <.001 I–II/II–III
) 26 (24–45) .002 I–III/II–III
2) 24 (19–54) .003 I–III/II–III

3.8 (3.5–5) <.001 I–III/II–III
1 (0.5–1.2) .035 I–III/II–III

180 (152–250) <.001 I–II/I–III/II–III

cinoma.

Group III healthy (n=69) X2 P
∗

Significance between groups

2.6 (0.8–5.3) 98.5 .00
∗

All
1.1 (1.09–2.77) 153.94 .00

∗
All

) 0.72 (0.48–0.88) 179.56 .00
∗

All
0.23 (0.21–0.26) 90.07 .00

∗
All

U= alpha-L-fucosidase, DKK1=Dickkopf-related protein 1, HCC=hepatocellular carcinoma, MDK=

http://www.eiaab.com/
http://www.md-journal.com


Table 3

Sensitivity, specificity, PPV, NPV, and accuracy of the studied parameters for prediction of HCC.

AUC CI 95% Cutoff Sensitivity Specificity PPV NPV Accuracy

AFP, ng/mL 0.83 0.73–0.89 10 78% 45% 61.5% 71.2% 65.14%
Midkine, ng/mL 0.95 0.95–0.99 5.1 100% 90% 89% 100% 94%
DKK-1, ng/mL 0.92 0.93–0.97 2.3 89% 80% 80.2% 88,6% 84%
AFU, U/L 0.62 0.69–0.81 0.37 74% 50% 58.33% 65.67% 61.1%

AFP=alpha fetoprotein, AFU= alpha-L-fucosidase, AUC= area under the curve, CI= confidence interval, DKK1=Dickkopf-related protein 1, HCC=hepatocellular carcinoma, NPV=negative predictive value,
PPV=positive predictive value.
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and absent in 74 patients. Lesions >5cm were observed in 36
patients while 50 patients had lesions <5cm.
SerumMDKwas higher in patients with multiple focal lesions,

lesions >5cm and those with portal vein thrombosis (median=
14.43, 12.88, and 16.44 respectively) than in single focal lesion,
lesions <5cm and those without portal vein thrombosis
(median=10.41, 12.18, and 12.1 respectively) but was statisti-
cally insignificant (Z=1.00, 0.71, and 1.89) (P= .31, .47, and .06
respectively).
Furthermore, lesions >5cm have significantly higher levels of

DKK-1 than those<5cm (Z=3.88 and P= .00). Also, those with
portal vein thrombosis have higher levels of DKK-1 than those
without it (Z=4.99 and P= .00). DKK-1 levels were significantly
higher in advanced HCC stage than in early ones (Z=2.64 and
P= .00).
Although serum DKK-1 levels were higher in those with

multiple focal lesions than in patients with single lesion but that
was statistically insignificant (median 9.37 and 5.98 respectively)
(Z=1.86, P= .06).
Figure 2. Receiver-operator characteristics (ROC) curve analyses showing the
occurrence. AFP=alpha fetoprotein, AFU=alpha-L-fucosidase, DKK1=Dickkopf
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Regarding AFU, it was observed that serum AFU doesn’t have
any association with tumor number, size, severity, or portal vein
thrombosis.
ROC curve analysis reveals that serumMDK and DKK1 at cut

off 5.1 and 2.3ng/mL respectively showed better performance
than AFP at a cut off ≥10 and AFU at a cut off 0.37m/L in
differentiation between HCC patients and those with liver
cirrhosis. (Table 3, Fig. 2).
Using 10ng/mL as a diagnostic cut-off value for AFP, it was

positive in 78% of (67/86) HCC patients and negative in 22%
(19/86) of them. While in those HCC patients with negative AFP,
serum AFU was positive in 15/19 (79%), serum DKK1 was
positive in 16/19 (84.2%), and serumMDKwas positive in 19/19
(100%).
A logistic regression analysis was performed to ascertain the

effects of serum MDK, DKK1, and AFU on the like hood that
cirrhotic HCV patients would have HCC. The logistic regression
model was statistically significant X2=137.45 and P= .000.
Among the 3 variables tested, only serum MDK and DKK1
diagnostic potential of serum AFP, AFU, DKK1, and MDK to detect HCC
-related protein 1, HCC=hepatocellular carcinoma, MDK=midkine.
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significantly predicted HCC development in cirrhotic HCV
patients (P= .00 and .017 respectively).
4. Discussion

Serum biomarkers are reliable potential tools for screening and
diagnosis of HCC.Meanwhile, no single biomarker was found to
have optimal performance for diagnosis of HCC. Therefore,
combination of several biomarkers have been shown to
complement each other and improve the early diagnostic rate.[18]

Evidence that MDK has a significant role in cancer process
such as proliferation, anti-apoptosis, and angiogenesis has been
documented in many solid tumors, including HCCs.[19]

In this study, serumMDKwas significantly elevated in patients
with HCC compared with those with cirrhosis (P< .001).
In addition, ROC curves showed a higher classification power

of MDK (93.54% of HCC patients) to detect HCC patients at a
cutoff value of 5.1ng/mL with respect to AFP at a cutoff value of
10ng/mL (36% of HCC patients). This indicates that serum
MDK could be a useful marker with a lower false-positive rate in
diagnosing and differentiating HCC from liver cirrhosis.
Our results were in agreement with Zhu et al,[20] who showed

that serum MDK may serve as a novel diagnostic tumor marker
for the detection of HCC, particularly for those with negative
AFP and/or at an early stage. However, most of the HCC patients
in their study are HBV-related. Similar findings were reported by
Hung et al[21] and Shaheen et al.[22]

MDKwas significantly elevated in HCC tissue as well as serum
in Zhu et al[20] study with AUC of 0.91% and 95% confidence
interval (CI) 0.89–0.93 similar to ours 0.95% and 95% CI of
0.92–0.98. In Zhu study,[20] 13.2% of patients with liver
cirrhosis had elevated serumMDK (false positive) versus 10.11%
in our study.
In Shaheen et al,[22] serum MDK was higher in HCC patients

than in those with liver cirrhosis and controls. Also, out of 40
HCC patients 15 have AFP <20, in those 15 patients MDK was
higher than cut off 0.387ng/mL in 14/15. Furthermore, MDK
was positive (above the cut off value of in 19/19 cases of HCC
with negative AFP) (100%).
A large-scale multicenter study was performed with patients

affected by liver diseases includingHCC, chronic hepatitis B virus
(HBV), or liver cirrhosis to assess whether DKK1 could serve as
an alternative biomarker to alpha-fetoprotein (AFP) for HCC
diagnosis.[23]

Our study revealed significant higher serum DKK-1 levels in
HCC patients compared with healthy controls. This was in
accordance with previous studies done by Kim et al[24] and Bakr
et al.[25] In addition, several studies reported high expression of
DKK-1 in hepatocellular carcinoma.[26]

We found a significant elevation of serumDKK-1 levels in cases
with lesions >5cm compared with smaller one (<5cm). This
finding was in accordance with Bakr et al[25] andDala et al[27] this
also was similar in late stage disease and in those with portal vein
thrombosis.
Dala et al[27] showed that DKK-1 at a cut off value of 1.122ng/

mL had a sensitivity of 80%, specificity of 77.1% with an area
under curve of 0.810 and P value of <.001 while our cut off was
2.3ng/mL that showed sensitivity of 89%, specificity of 80%
with an area under curve of 0.92 and P value of <.001.
However, patients with multiple HCC lesions showed no

significant difference of DKK-1 levels compared with single
lesions. These results were in agreement with previous studies
5

that showed positive correlation between serum DKK-1 and
tumor size ≥5cm.[23,28]

We have noticed significant increased serum DKK-1 levels in
patients with BCLC (C–D) than BCLC (A–B) stages. Similar
results were reported by Kim et al,[24] and Bakr et al.[25]

Moreover, in 31 cases of HCC who have normal AFP, DKK-1
was higher above the cut off value in 28 cases. This also in
accordancewith Bakr et al[25] who reported elevatedDKK-1 in all
cases with normal AFP. This finding was similar to results of Tao
et al[29] and Gomceli et al.[30]

Also, Mohamed et al,[31] in Egyptian patients with HCC found
that 17/40 have normal AFP but DKK-1 was above the cut off
value. Also, in their study at cut off value of 400ng/mL AFP
(sensitivity 28% and specificity 100%) while ours 100%
specificity was associated with 30% sensitivity.
Alpha-L-fucosidase enzyme has been proposed as a marker of

HCC.[32–35] The results of our study confirm the work of the
previously mentioned studies of an increased serum activity of
alpha-L-fucosidase enzyme in patients with HCC. The reason for
the increase of alpha-L-fucosidase is still unknown. One possible
explanation is an increased synthesis of proteins by tumor with a
consequent increase in fucose turnover.[36]

Our results revealed that AFU was also higher in those with
liver cirrhosis than healthy controls which is consistent with the
studies that suggested that elevated AFU was not directly derived
from tumors.[37] El-Houseini et al[37] reported that AFU could be
used as a diagnostic biomarker of HCC 6months before
detection by ultrasound.
Our study included 60/86 (Child B+C) of HCC cases, high

levels of cytokines in advanced cirrhotic disease process could
upregulate AFU levels.[38]

In AFP negative HCC patients, serum AFU was positive in 15
patients (79%). Similar finding was reported by Wang et al,[39]

who showed that 17 patients with HCC with negative AFP have
higherAFUbut the difference between our study andWang is their
cut off value for AFP is >400ng/mL while ours was 10ng/mL.
Our study revealed that AFU sensitivity and specificity were

60.5% and 57.3% for HCC diagnosis which is lower than AFP
(64% and 82%). These findings were in accordance with
Bukofzer et al,[32] who reported less sensitivity and specificity of
AFU than AFP. While Zhang et al[40] showed the sensitivity of
AFU was 72.4% and the specificity was 63.8%.
Alpha-L-fucosidase enzyme showed no relation with the size of

the tumor. This finding came in agreement with Takahashi
et al[41] who found no relationship between alpha-L-fucosidase
enzyme activity and tumor size.
This study had its potential limitations. First, the small number

of patients, and this was owing to the pilot nature of the study to
discover the efficacy of these markers together. Also, our patient
cohort did not include hepatocellular carcinoma secondary to
other etiologies than HCV. So, larger multicenter studies
investigating these markers would help to define the cut off
levels and recommend their use as an alternative biomarker for
HCC.On the other hand, this was the first study to combine these
3 promising biomarkers.
5. Conclusions

Although our results showed that serumMDK, DKK-1, and AFU
are increased in HCC cases only MDK may be considered as the
most promising serological marker for the prediction of the
development of HCC in cirrhotic HCV patients.

http://www.md-journal.com
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