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Fig. 4. Lipid and apo composition of HDL in SI lymph perfusates from WT mice. A: Lipid and protein
composition of HDL in plasma (P-HDL), SI lymph perfusates (SI-HDL), and liver perfusates (L-HDL) sepa-
rated by serial preparative ultracentrifugation. HDIL, was further separated by HPLC to determine its lipid
composition. B: Comparison of apo compositions of SFHDL and L-HDL. SFHDL and L-HDL were obtained
by in situ perfusion followed by serial preparative ultracentrifugation and subjected to SDS-PAGE followed
by Western blot analysis using antibodies against the indicated apos.

Apo composition of SI-HDL

To characterize the apo composition of SI-HDL, L-HDL
and SI-HDL separated by ultracentrifugation from liver
perfusates and SI lymph perfusates, respectively, were run
on SDS-PAGE and then subjected to Western blot analy-
sis for apo Al, apo AIV, and apo E (Fig. 4B). As shown in
Fig. 4B, L-HDL contained a very limited amount of apo
ATV but a considerable amount of apo E, whereas an op-
posite trend was seen for SI-HDL. This result indicates that
SI-HDL was rich in apo AIV compared with I-HDL, and
SI-HDL is different from L-HDL with respect to the com-
position of apos.

Size distribution of SI-HDL

Because SI-HDL was protein rich compared with P-HDL
(Table 1), we used EM to examine the size distribution of
HDL separated using ultracentrifugation from SI lymph
perfusates and plasma of WT mice (Fig. b). Fig. bA shows
the representative negative-stain electron micrographs of
SI-HDL and P-HDL. As shown, SEFHDL particles were a pop-
ulation of spheres with a very small number of discs. We
measured the particle diameter of spherical particles in SI-
HDL and P-HDL (Fig. 5B, C). Fig. 5B shows the size distri-
bution of SI-HDL and P-HDL. As shown, SI-HDL particles,
similar to P-HDL, were heterogeneous in size, but the distri-
bution of SI-HDL particles was more diverse than that of
P-HDL, and the size distributions of SI-HDL and P-HDL
overlaid (Fig. 5B). However, SI-HDL apparently had a
higher proportion of smaller particles as compared with
P-HDL (Fig. 5B). Fig. 5C shows the individual data and the
box plots of SILHDL and P-HDL. As shown, although the
size range of SIHIDL covered that of P-HDL, the peak diame-
ter of SI-HDL particles shifted toward smaller particles as
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compared with that of P-HDL, and the average size of SI-
HDL particles (mean + SD: 11.06 + 2.70 nm) was signifi-
cantly (£ < 0.001) smaller than that of P-HDL particles
(12.94 + 1.64 nm). This result indicates that the particle size
of SIFHDL was smaller than that of P-HHDL.

Inhibitors of ABCAI and LCAT affect the
formation of SI-HDL

Because we have shown that most of the HDL particles
secreted from the SI are spherical using EM (Fig. 5A), to
identify the mechanism for SIFHDL assembly, we exam-
ined the effects of inhibitors of ABCAl and LCAT on the
formation of SI-HDL. It is well known that ABCA1 lipidates
apo Al to form HDL and LCAT converts lipid-poor pre-B-
migrating HDL to mature a-migrating HDL. We used gly-
buride (26) and DTNB (27) as inhibitors of ABCAl and
LCAT, respectively (Fig. 6A). The effects of ABCAl and
LCAT inhibitors were examined by collecting SI lymph
perfusates from WT mice that underwent in situ perfusion
using buffers with and without the presence of the inhibi-
tors (Fig. 6).

As shown in Fig. 6B, nondenaturing PAGE followed by
Western blot analysis for apo Al showed that there was a
marked increase in free apo Al and small HDL in SI lymph
perfusates in the presence of glyburide compared with the
absence of glyburide. This result suggests that ABCAI is
involved in the lipidation of apo Al to form SI-HDL.

As shown in Fig. 6C, two-dimensional electrophoresis of
SI lymph perfusates followed by Western blotting for apo
Al showed that the presence of premature HDL such as
pre-B1-and pre-B2-HDL (41, 42) was observed in the pres-
ence of DTNB, but not in the absence of DTNB. A re-
duction in o-HDL particle size was also observed in the

158

#102 ‘01 Joquiaoaq Uo ‘MIYOVYMIIWIZS N YIVSO 18 Bio 4 mmm woly pepeojumo(



o

lemental Material can be found at:
tphvww jir.orgfeontent/sunpl/ 201470

26y M047761.DCH

A P-HDL

SI-HDL

=3

Frequency of HDL particles (%)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
HDL particle diameter (nm)

204
— b ¢
E 184 H -
- ] .
s 4 -t
Z 16 e
) 1 el
14 N
£, ]SRlEs
° 10 PR~ >
K [4
L g ¢
g ;
& 67 (n=1412) 1
-l 4]
o *
I 24
a

P-HDL SI-HDL

Fig. 5. Electron micrographs of negatively stained HDL from SI lymph perfusates. A: Representative negative-stain EM of HDL separated
by serial ultracentrifugation from SI lymph perfusates (SI-HDL, lower panel) and plasma (P-HDL, upper panel). Magnification: 200,000x;
scale bar: 100 nm. B: Size distribution of SI-HDL and P-HDL particles from negative-stain electron micrographs. The frequency distribu-
tions of the size of SIFHDL (pink bars; n = 913) and P-HDL (gray bars; n = 1,412) were plotted together, and the red bars represent the
overlaid parts. Two measurements were made for the diameter of each HDL particle, and the mean diameter was used to calculate the size
frequency. C: Box-and-whisker plots showing the mean (M), median (middle bar in the rectangle), and 10th (bottom bar), 25th (bottom
of rectangle), 75th (top of rectangle), and 90th (top bar) percentiles of the sizes of SIFHDL (black) and P-HDL (red) particles. The indi-
vidual data are shown on the left of the boxes. * P<0.001, SI-HDL versus P-HDL, assessed by the Wilcoxon rank sum test.

presence of DTNB (Fig. 6C). This result suggests that LCAT
may be involved in the maturation of SI-HDL.

Although our experiments were limited in that the in-
hibitory effects of ABCAl and LCAT are unknown, our re-
sults suggest that ABCA1 and LCAT may play important
parts in the formation of SI-HDL.

Nutritional regulation of the production of HDL from SI

A previous study showed that intestine significantly con-
tributes to plasma HDL-C levels (44). We examined the
effects of fasting and high-fat feeding on the production
of HDL from SI in WT mice using our in situ perfusion
model to clarify the nutritional regulation of SI-HDL. HDL
in lymph perfusates collected under different nutritional
conditions was analyzed by non-SDS-PAGE followed by
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Western blot analysis for apo Al As shown in Fig. 7A,
plasma HDL-C levels and the contents of HDL-apo Al in SI
lymph perfusates from WT mice ad libitum were mark-
edly reduced after 24 h fasting. In contrast, a 4-week
high-fat diet markedly increased plasma HDL-C levels and
the contents of HDL-apo Al in lymph perfusates from WT
mice (Fig. 7B). These results indicate that fasting reduces
and high-fat diet increases the production of HDL from
the SI.

Apo E KO reduces the production of HDL from the SI
Apo E KO mice are characterized by a marked reduction
of HDL-C levels in plasma. Because intestinal HDL has
been shown to significantly contribute to plasma HDL (16),
we used our in situ perfusion model to examine whether

Small intestine-derived high density lipoprotein 913
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Fig. 6. Effects of glyburide and DTNB on the assembly of SI-HDIL. A: Possible mechanism for the assembly of SI-HDL. Glyburide and
DTNB are known inhibitors of ABCAI and LCAT, respectively. B: Effect of glyburide on immunoblot patterns of HDL in SI lymph per-
fusates from WT mice. WT mice were subjected to in situ SI perfusion in the presence (right panel) and absence (left panel) of glyburide
in the perfusion buffer. SFHDL was run on non-SDS-PAGE followed by the detection of apo Al. Arrowhead represents free apo Al C: Effect
of DTNB on the formation of SI-HDL. SI lymph perfusates were obtained from WT mice that were perfused using a perfusion buffer in the
presence (right panel) and absence (left panel) of DTNB in the perfusion buffer.

the production of HDL from the SI is reduced in apo
E KO mice. As shown in Fig. 7C, apo E KO mice had mark-
edly lower levels of HDIL-C and reduced contents of HDL-
apo Al in SI lymph perfusates as compared with WT mice.
These results indicate that apo E may play a role in the
biogenesis of SI-HDL.

DISCUSSION

To selectively evaluate HDL produced from the intes-
tine, we developed an in situ perfusion model using surgi-
cally isolated mouse SI. Using our in situ perfusion model,
we found that the SI produces HDL in mice and ABCA1
plays an important role in the production of SI-HDL, that
SI-HDL is different from HDL produced by the liver, and
that SI-HDL may be regulated by nutritional and genetic
factors.

Our in situ perfusion model using surgically isolated
mouse SI was developed for the selective evaluation of SI-
HDL because HDL in mesenteric lymph collected from anes-
thetized mice originates either from the secretion by the SI
or from the filtration from plasma through the blood capil-
lary-lymph loop into the intestinal lymph duct (19-22).
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Our novel in situ perfusion model achieves the selective
evaluation of HDL by dissociating HDL production by the
SI from the filtration of HDL from plasma. In this model,
arterial blood supply for the SI is blocked by ligation of
abdominal aorta and other arteries, leaving only the supe-
rior mesenteric artery open as the perfusion inlet (Fig. 1A).
Perfusion buffer is pumped through a needle that is con-
nected to a tube and inserted antegrade through the tho-
racic descending aorta into the abdominal aorta just
before ligation of the abdominal aorta (Fig. 1A). There-
fore, after perfusion starts, no additional systemic blood
will enter the SI, and the possible filtration of plasma HDL
from the systemic circulation into the SI lymph duct can
be prevented. The SI lymph duct and portal vein are can-
nulated as outlets for perfusion buffer (Fig. 1A). Under
these conditions, the HDL in the infusates collected from
the SI lymph duct would originate only from the SI.

Using our in situ perfusion model, we found that HDL
was detected in SI lymph perfusates from WT mice (Fig. 1B),
indicating that the SI produces HDL. This finding sup-
ports the notion that the intestine, along with the liver, is
an important site for the secretion of apo Al and the pro-
duction of HDL (12-16). We did not detect HDL in SI
lymph perfusates from ABCA1l mice (Fig. 1B), indicating
that ABCAL is essential for the production of HDL by the
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Fig. 7. Nutritional and genetic regulation of SI-HDL. The HDL-C concentration (mg/dl) in different per-
fusates was measured by HPLC as described in the Methods and is shown under each column. A: Effect of
fasting on SI-HDL in WT mice. Mice were subjected to in situ perfusion at ad libitum and after 24 h of fast-
ing. SI lymph perfusates were analyzed by using non-SDS-PAGE followed by Western blot analysis for apo AL
B: Effect of a high-fat diet on SI-HDL in WT mice. Mice were subjected to in situ SI perfusion after being fed
a high-fat diet for 4 weeks. C: Comparison of SIFHDL production in 14-week-old WT and apo E KO mice.
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SI. This finding supports those of Brunham et al. (16) that
mice that specifically lack ABCAI in the intestine had
~30% lower plasma HDL-C levels. However, we detected
free apo AI in SI lymph perfusates from ABCAI mice
(Fig. 1B), indicating that cellular lipids are not available
for the lipidation of apo Al to form SI-HDL in the absence
of ABCA1 (45).

Because SI-HDL is not formed in the absence of ABCAI,
we used ABCA1 KO mice to clarify whether plasma HDL
can filtrate from the abdominal aorta through the SI into
a lymph duct. We perfused the SI of ABCA1 KO mice us-
ing perfusion buffer to which had been added serum from
WT mice and found that the collected SI lymph perfusates
contained a substantial amount of HDL (Fig. 1C). It is pos-
sible that lipids in lipoproteins in the aortic perfusate may
be delivered to the SI through transintestinal transport,
that is, via the transintestinal cholesterol efflux pathway
(48), and lipidate apo Al from intestinal secretion to form
HDL. However, in the absence of ABCA1, which is located
at the basolateral membrane of enterocytes (49), cellular
lipids will not be available to free apo Al to form HDL.
Therefore, HDL that was detected in SI lymph per-
fusates of ABCAI mice perfused with serum from WT mice
(Fig. 1C) can originate only from filtration of plasma HDL.
Using our in situ perfusion model, we provided direct
evidence that systemic plasma HDL can filtrate into the SI
lymph duct.

One of the most likely mechanisms responsible for this
perfusion is the “blood capillary-lymph loop” (50). Our
finding that no apo B was present in SI lymph perfusates
from ABCA1 KO mice that were perfused with buffer con-
taining serum from WT mice indicated that HDL from the
systemic circulation can, whereas apo-B-containing lipo-
proteins cannot, filter into the SI lymph duct (Fig. 1C),
suggesting that bigger molecules cannot pass through the
blood-capillary wall. Consistent with this finding, apo B48,
but not apo B100, was detected in our analyses of apos in
ultracentrifugation density fractions of lipoproteins in SI
lymph perfusates from WT mice (Fig. 3B). Therefore, we
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consider the conventional cannulation experiment to be
useful for the analysis of apo-B-containing lipoproteins be-
cause we used it to demonstrate an increase in the produc-
tion of CMs in CD36 KO mice (51). However, for the
selective evaluation of SI-HDL, the newly developed perfu-
sion technique may be the best method available for elimi-
nating the interference of plasma HDL.

Our finding that HDL was produced by the SI (Fig. 1A)
but plasma HDL can also filtrate into the SI lymph duct
(Fig. 1B) resolves controversies regarding intestinal-
derived HDL (19-22). A previous study showed that HDL
from the intestinal lymph duct obtained in vivo from anes-
thetized mice is likely to contain HDL from the systemic
circulation, the majority of which is derived from the liver
(16). Therefore, peptide mapping of HDL using LC/MS
was performed to compare SI-HDL in SI lymph perfusates
collected using our in situ perfusion model, C-HDL col-
lected from the SI lymph duct in anesthetized mice, and
L-HDL collected from liver perfusates (Fig. 2). C-HDL and
L-HDL were very similar in that they had the same number
of major peptides and relative peptide-ion intensities
(Fig. 2C, D). This result agrees with the finding of Brunham
et al. (16) that intestinal HDL in mice that lacked intesti-
nal ABCA1 predominantly originates from the liver.

However, we found that SFHDL in SI lymph perfusates
was different from C-HDL and L-HDL in that SI-HDL con-
tained additional major peptides (m/z 542 and m/z 524)
that were not detected in L-HDL or C-HDL (Fig. 2). It is
possible that the SI may secrete some known or unknown
apos that are not secreted by the liver, and this proposition
will need to be examined in future studies.

Our result that the two peptides (m/z 542 and m/z 524),
which were detected as major peaks in SI-HDL obtained
using our in situ perfusion model, were not detected in
C-HDL obtained from the SI lymph duct in anesthetized
mice (Fig. 2), suggests that rate of the production of HDL
by the SI is slow as compared with that of filtration of pre-
existing liver-originated HDL from the abdominal aorta
into the SI lymph duct, and thus liver-originated HDL is

Small intestine-derived high density lipoprotein 915
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predominant in the SI lymph duct in anesthetized mice.
This finding explains the result of Brunham et al. (16)
that lymph from mice that specifically lack ABCAL in the
liver had no detectable HDL-C.

Our finding, obtained with peptide mapping of HDL
using LC/MS, that C-HDL was very similar to L-HDL but
different from SI-HDL (Fig. 2) further confirms our find-
ing, obtained by perfusion of ABCA1 KO mice with serum
from WT mice, that plasma HDL can filtrate from the ab-
dominal aorta into the SIlymph duct (Fig. 1C). Therefore,
our novel findings indicate that our in situ perfusion
model can selectively evaluate HDL produced from the SI
without possible interference from plasma HDL or HDL
derived from the liver.

Using the novel in situ perfusion model, we character-
ized SI-HDL in comparison with plasma HDL and L-HDL.
We found that SI-HDL had a much higher protein content
and a lower lipid content than plasma HDL and that CE
and PL were the major lipids (Table 1, Fig. 4A). Consistent
with these findings, by examining SI-HDL using EM, we
found that most SI-FHDI was spherical and HDL was
smaller than plasma HDL (Fig. 5). Our finding that SI-HDL
is small and dense compared with plasma HDL suggests
that SI-HDL may have higher antiatherogenic activity than
plasma HDL (52).

When mice were fed ad libitum, SI-HDL separated from
lymph perfusates by ultracentrifugation contained more
TG and less CE than that from liver perfusates (Table 1),
suggesting that the composition of core lipids of intestinal
HDL is different from that of hepatic HDL. It is possible
that HDL becomes TG rich due to fusion between nascent
HDL and TG-rich lipoprotein (TRL). We have previously
shown that HIDL reconstituted from apo Al and PLs re-
models plasma apo-B-containing lipoprotein from a pa-
tient with Tangier disease, which was TG rich (53), and
from a patient with hypercholesterolemia (35). TG in
HDL is known to be hydrolyzed by hepatic TG lipase. A
lack of hepatic TG lipase in SI lymph perfusates may also
lead to TG-rich SI-HDL.

Our analyses of apos in ultracentrifugation density frac-
tions of lipoproteins in SI lymph perfusates showed that apo
AIV and apo Al were distributed in both the HDL and non-
HDL fractions (Fig. 3B). We compared the compositions of
apos of intestinal and hepatic HDL in HDL density frac-
tions separated from SI lymph perfusates and liver per-
fusates from WT mice using ultracentrifugation (Fig. 4B).
We found that I-HDL contained a very limited amount of
apo AIV but a considerable amount of apo E, whereas an
opposite trend was seen with SI-HDL (Fig. 4B).

Ohta et al. (54) showed that apo AIV exists as a complex
with apo Al. They separated apo-AlV-containing HDL us-
ing an anti-apo AIV immunoabsorbance column from a
human lymph TRL fraction, lymph lipoprotein-deficient
fraction (LDF), plasma HDL, and plasma LDF and ana-
lyzed apos after separation by SDS-PAGE. Also, Bottcher
et al. (65), who separated plasma HDL into charge-based
subfractions using preparative isotachophoresis, showed
that slow-migrating HDL contained both apo AIV and apo
Al, whereas fast-migrating HDL contained only apo Al
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However, Duka et al. (56) showed that apo-AlV-containing
HDL is formed in the absence of apo Al by using apo AT
mice that had been transfected with the apo AIV gene.
Therefore, apo AIV coexists with apo Al but can form HDL
independent of apo Al if apo Al is absent. It would be
interesting to know whether apo-AlV-containing HDL is
formed in patients with a genetic apo Al deficiency.

Apo AIV, which is mainly expressed in the SI, is a 46 kDa
plasma protein associated with CM and HDL (54, 57) and
reportedly can inhibit lipid oxidation and enhance cho-
lesterol efflux. In addition, the overexpression of apo
ATV was found to reduce atherosclerosis in mice models
(58-60). Therefore, it would be of considerable interest to
determine the function and relevance of SI-HHDL, particu-
larly with respect to atherosclerosis.

Because the examination of SI-HDL by EM showed spher-
ical particles (Fig. 5), we examined the involvement of
ABCA1 and LCAT in the formation of SI-HDL by using
inhibitors of ABCA1 and LCAT (Fig. 6). We found that in
SI lymph perfusates from WT mice markedly increased
levels of free apo Al were detected in the presence of an
ABCAI inhibitor in the perfusion buffer, and pre-g-HDL
appeared in the presence of an LCAT inhibitor in the per-
fusion buffer (Fig. 6). This finding indicates that both
ABCA1 and LCAT may be involved in the formation of SI-
HDL (2).

Complete inhibition of ABCA1 or LCAT was not achieved
in our experiments, and this may have been due to techni-
cal reasons; that is, the selection and dosage of inhibitors
was limited because of the sensitivity of the SI to the or-
ganic solvents (methanol and ethanol) used for solving
the inhibitors. However, because we have shown that SI-
HDL is rich in apo AIV, our finding is consistent with that
of Duka et al. (56), who showed that ABCA1 and LCAT
participate in the bio;enesis of apo-AlV-containing parti-
cles by using ABCA1™" ~and LCAT /~ mice that had been
transfected with the apo AIV gene.

Using this novel in situ perfusion model, we also found
that fasting drastically reduced, and high-fat feeding dras-
tically increased, HDL-apo Al and HDL-C levels in SI
lymph perfusates from WT mice (Fig. 7A, B). Our findings
indicate that the production of SI-HDL can be dynami-
cally regulated by nutritional factors. It would be interest-
ing to determine whether the ratio of apo Al in HDL to
lipid-poor apo Al is similar under different dietary condi-
tions. Our in situ perfusion model should be useful for
further investigating the regulation of the production of
SI-HDL by various diet components such as saturated and
unsaturated fatty acids.

We found that the production of SI-HDL was markedly
reduced in the major experimental murine model for ath-
erosclerosis, apo E KO mice (Fig. 7C). Reduced HDL-apo
Al and HDL-C in SI lymph perfusates from apo E KO mice
may be caused by a redistribution of apos from HDL to
non-HDL due to substantial hyperlipidemia and abnormal
lipoprotein metabolism. Our results showed that apo Al in
SI lymph perfusates was distributed in HDL in WT mice
but was distributed in non-HDL in apo E KO mice (Fig.
7C). Duka et al. (56) showed that apo AIV was contained
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in HDL in apo AT /= mice but was redistributed to non-
HDL in apo A" x apo E~/ " mice.

Using our in situ perfusion model, we obtained novel in-
formation regarding the production of HDL by the SI, the
characteristics of SIFHDL, and the regulation of HDL. How-
ever, this model is limited because the effects of anesthesia
on gut motility and intestinal lipid trafficking are not clear.

The inhibition of cholesteryl ester transfer protein
(CETP) may be a strategy for raising HDL. However, it has
been demonstrated that such a strategy needs to be recon-
sidered because some clinical trials with CETP inhibitors
have failed and been terminated (61-63). We reported in
the 1990s that genetic human CETP deficiency was athero-
genic rather than beneficial (64-66). Based on both these
previous and current studies, an increase in the production
of SIFHDL may be a therapeutic target for raising HDL.

In summary, we have shown that our in situ perfusion
model using surgically isolated mouse SI achieves the se-
lective evaluation of HDL produced from the intestine.
Using this model, we showed that the production of HDL
from the SI in mice requires ABCA1, and that SI-HDL is
different from HDL produced by the liver and is regulated
by nutritional and genetic factors. Because the intestine is
a promising target for raising HDL, our in situ perfusion
model represents a useful tool for developing novel strate-
gies for the prevention and treatment of atherosclerosis.
In addition, the SI performs various important functions
in not only lipid homeostasis (67) but also immune de-
fense as well as the production of hormones and cytokines.
Therefore, our novel in situ perfusion system, which can
be used in other spontaneous and genetically engineered
mouse models, may also be a useful research tool for inves-
tigating physiological and pathological conditions in the
SI and adjacent organs Bl

The authors thank Drs. Seiichiro Tarui and Masao Kawasaki for
their helpful comments and discussion, Dr. Kazumitsu Ueda
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ABSTRACT

Objectives: Recent advances in sophisticated technologies in
proteomics should provide promising ways to discover novel
markers for hepatocellular carcinoma (HCC) in the early
diagnosis.

Methods: Serum peptide and protein profiling was conducted
by matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS). Profiling was
carried out in a training set of 16 patients with HCC and

a testing set of 15 patients with cirrhosis without HCC.

All the patients were hepatitis C virus positive. Candidate
peaks were processed to partial purification, followed by
protein identification by amino acid sequence analysis.
Immunoprecipitation was conducted to confirm the

protein identity.

Results: Partial purification and protein identification
revealed that one peak that was up-regulated in HCC sera
both in the training and the testing sets was a fragment of
apolipoprotein A-I (apo A-I). Immunoprecipitation confirmed
this result.

Conclusions: MALDI-TOF MS analysis revealed that apo
A-I is a potential novel serum marker of HCC. Combination
of these pretreatments and the current magnet bead-assisted
MALDI-TOF MS will further enhance the efficiency of
biomarker discovery for HCC.
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Hepatocellular carcinoma (HCC) is the most common
form of primary hepatic malignancy.! Because the majority of
HCCs develop in cirrhotic livers, patients with liver cirrhosis
are recommended to have examinations on a regular basis for
early detection of HCC.?

The current methods for early detection of HCC rely on
several tools combining imaging techniques and serologic
markers. Imaging techniques are expensive, and ultrasonogra-~
phy is highly dependent on the ability of operators.>* There-
fore, sensitive and specific serum markers capable of detect-
ing HCC at an early stage are desirable.

Serum tumor markers for detecting HCC are classified
into 4 groups: oncofetal and glycoprotein antigens, enzymes
or isoenzymes, genes, and cytokines. a-Fetoprotein (AFP)
and des-y-caroboxy prothrombin (DCP), also called protein
induced by vitamin-K absence or antagonist-II, are 2 rep-
resentative tumor markers for HCC. Although AFP is most
widely used, serum AFP levels may be normal in up to 40%
of patients with HCC, particularly during the early stages.*®
Furthermore, the specificity of AFP is not satisfactory because
serum levels can be elevated in hepatitis and cirrhosis as
well.” Although DCP is a useful adjunct to AFP in detecting
HCC, elevated DCP level was found in only 28% to 50% of
HCCs less than 3 cm in size.®® DCP is also known as a prog-
nostic factor for HCC.!10

More recently, some other tumor markers, such as
glypican 3,!! y-glutamyltransferase 11,'?> a-1-fucosidase,'?
vascular endothelial growth factor,!# and transforming growth
factor B-115 have been proposed as complementary mark-
ers for AFP. Furthermore, the circulating messenger RNA
(mRNA) markers, such as AFP-mRNA!® and human telom-
erase reverse transcriptase mRNA,!” have been shown to be
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diagnostic and prognostic indicators of HCC. None of these
markers are satisfactory enough in terms of sensitivity and
specificity to replace AFP and DCP.

A proteome is the complete set of proteins found in a
given cell type in any particular state. Proteomics is the sys-
tematic study of proteomes focusing on the large-scale iden-
tification and characterization of proteins through the mea-
surement of protein expression and modifications in studied
samples. Proteomic approaches have been used in an attempt
to identify new diagnostic markers and therapeutic targets in
various clinical fields.'®!®

An increasing number of recent reports provide evidence
that the proteomic approach offers promising tools to discover
and identify possible biomarkers for HCC.2 In particular,
surface-enhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF MS) is a representative
example of a proteomics technique for the high-throughput
fingerprinting of serum proteins and peptides.?!?? We used
SELDI technology to generate comparative protein profiles
of consecutive serum samples obtained during abstinence
from alcoholic patients and found some potential biomarker
for excessive alcohol consumption.?>** Using this technique,
several protein peaks leading to differentiation of patients
with HCC from patients with cirrhosis alone have been dis-
covered.?>?% Although SELDI-TOF MS can rapidly analyze
many samples at a time, it has several drawbacks including
high cost, difficulty in further identifying proteins, and limita-
tion in separating small peptides.

More recently, a new high-throughput workflow with
matrix-assisted laser desorption/ionization—time-of-flight/
time-of-flight mass spectrometry (MALDI-TOF/TOF MS)
was established for discovering and identifying serum pep-
tides.?” This method uses magnetic beads with different
chemical chromatographic surfaces instead of ProteinChip
arrays (Bio-Rad, Hercules, CA). Protein selectively bound to
the magnetic beads are eluted and analyzed with MALDI-TOF
MS. Compared with the SELDI-TOF MS ProteinChip system,
the cost is low and one can proceed to further protein identi-
fication relatively easily. We have used this system (ClinProt,
Bruker Daltonics, Bremen, Germany) and have so far found
some helpful biomarkers for multiple sclerosis,>’ alcoholism,!
and gastric cancer.?? Here, we took advantage of the ClinProt
system and searched for novel markers for HCC.

Materials and Methods

Patients and Blood Sample Preparation

A total of 103 patients seen at the Division of Gastroen-
terology, Chiba University Hospital, Chiba, Japan, from June
2003 to March 2004 (training group) and May 2006 to March
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2007 (testing group) were included. The training group con-
sisted of 16 patients with HCC and 15 with liver cirrhosis; the
testing group consisted of 34 patients with HCC and 38 with
liver cirrhosis for the second study step; 41 healthy individu-
als were included as control subjects. All the patients were
hepatitis C virus (HCV) positive. In patients with cirrhosis,
HCC was ruled out on the basis of the results of intensive
imaging studies. Clinical data from these 103 patients are
presented in ETable 18 and ETable 28. Serum samples were
obtained from each patient before treatment, were collected
under standardized conditions, and were subjected to the same
sample preparation procedures that we described previously.*?
Serum samples were stored in aliquots at —80°C. Written
informed consent was obtained from each patient before
beginning the study.

Serum Pretreatment with WCX Magnetic Beads by
ClinProt Robot

We used weak cation exchange (WCX) magnetic beads
(Bruker Daltonics) and performed serum peptide fraction-
ation according to the manufacturer’s protocol. A 5-puL serum
sample was mixed with a 10-pL. binding solution to which
5 ul. of WCX magnetic beads were added, and the solution

ATable 11

Clinical Features of Patients in the Training Group

Patient Characteristics LC HCC

No. of patients 15 16

M/F 7/8 13/3

Mean age, y 63.5+ 10.9 67.9+8.8

Child-Pugh (A/B/C) 9/6/0 11/5/0

Stage (I/1/1I/IV)2
AFP, ng/mL 18.0+155 123.3+120.8
DCP, mau/mL 16.8+4.2 2054.6 + 5304.0

AFP, a-fetoprotein; au, arbitrary units; DCP, des-gamma-carboxy prothrombin;
HCC, hepatocellular carcinoma, with diagnosis according to 2002 American Joint
Committee on Cancer/International Union for Cancer Control (AJCC/IUCC)
system; LC, liver cirrhosis.

 Stage indicates AJICC/TNM cancer staging based on 2001 criteria.

ETable 28
Clinical Features of Patients in the Testing Group
Patient Characteristics Normal LC HCC
No. of patients 41 38 34
M/F 25/16 16/22 22/12
Mean age, y 57575 62.8 £ 9.1 718226
Child-Pugh (A/B/C) 24/10/4 16/12/6
Stage (I/1I/1/IV)2 5/24/4/1
AFP, ng/mL 1.7+1.86 36.8 £ 82.1 250.0 = 360.5
DCP, mau/mL 19.9£5.0 38.2+43.1  259.7 +758.1

AFP, a-fetoprotein; au, arbitrary units; DCP, des-gamma-carboxy prothrombin;
HCC, hepatocellular carcinoma, with diagnosis according to 2002 American Joint
Committee on Cancer/International Union for Cancer Control (AJCC/IUCC)
system; LC, liver cirrhosis.

2 Stage indicates AJCC/TNM cancer staging based on 2001 criteria.
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was mixed. Next, the tube was placed in a magnetic bead
separator to allow separation of the unbound solution, and the
supematant was removed. The beads were then washed three
times with 100 pL of wash buffer, and proteins and peptides
were eluted from the magnetic beads with 10 pul. each of an
elution solution and a stabilization solution. The eluate was
diluted 1:10 in matrix solution 2-cyano-4-hydroxycinnamic
acid (Bruker Daltonics). Then 1 pL of the mixture was spot-
ted onto an AnchorChip target (Bruker Daltonics) and left for
several minutes at room temperature until it dried. These pro-
cedures from bead fractionation to spotting were performed
automatically using the ClinProt robot (Bruker Daltonics)
under strictly controlled humidity, as previously described.?*

Mass Spectrometry

The AnchorChip target plate was placed in an autoflex II
TOF/TOF mass spectrometer (Bruker Daltonics) controlled
with Flexcontrol 2.4 software (Bruker Daltonics). The instru-
ment is equipped with a 337-nm nitrogen laser, delayed-
extraction electronics, and a 25-Hz digitizer. The instrument
was externally calibrated by means of standard procedures.
All acquisitions were generated by an automated acquisition
method included in the instrument software and based on
averaging 700 randomized shots. The acquisition laser power
was set between 25% and 35%. Spectra were acquired in
positive linear mode in the mass range of m/z between 600
and 10,000. Peak clusters were completed using a second-
pass peak section (signal to noise ratio >5). The relative peak
intensities, normalized to a total ion current of m/z between
600 and 10,000, were expressed as an arbitrary unit (au). All
measurements were performed using ClinProtools 2.0 soft-
ware (Bruker Daltonics).

Data Analysis

All spectra obtained from MALDI-TOF MS were ana-
lyzed with Bruker Daltonics FlexAnalysis 2.0 software in
automatic mode and ClinProtools 2.0 software (the data
interpretation software of the MS—based ClinProt solutions
for biomarker analysis), the former to detect the peak intensi-
ties of interest and the latter to compare the peaks across the
spectra obtained from all samples. Intra-assay coefficient of
variance for the particular peak was calculated using 31 dif-
ferent samples.

The discriminatory power for each putative marker was
further described via receiver operating characteristic (ROC)
area under the curve analysis. The ROC curve was generated
using IBM SPSS Statistics 19 software (SPSS, Chicago, IL).

Protein Purification and Identification

After pretreatment with WCX magnetic beads four
times, the serum sample of one patient with HCC was
eluted and an 80-uL eluate was obtained. High-pressure
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liquid chromatography separations were performed on an
automated Shiseido Nanospace SI-2 System (Shiseido Fine
Chemicals, Tokyo, Japan). Injection was performed by an
auto-sampler with a completely filled 100-uL injection loop.
The eluate (80 pL) was directly loaded onto the Intrada

WP-RP column (Imtakt, Kyoto, Japan). The reversed-phase

separations for each flow-through were performed under a
set of conditions using a multisegment elution gradient, with
eluent A (0.1% trifluoroacetic acid [TFA] in water, vol/vol)
and eluent B (0.08% TFA in 90% acetonitrile, vol/vol). The
gradient conditions consisted of three steps with increasing
concentrations of the eluent B: 5%, 5 minutes; 5% to 95%,
23 minutes; 95%, 11 minutes; and 5%, 21 minutes for re-
equilibration of the column at a flow rate of 0.40 mL/min for
a total runtime of 60 minutes.

The chromatograms were monitored at 218 nm, and 40
fractions were collected at 0.5-minute intervals from 19.1 to
39.1 minutes. Each fraction was dried in a centrifugal vacuum
concentrator and stored at —80°C for subsequent MS analysis.
Fractions rich in the peptide of interest were collected and
subjected to NH,-terminal amino acid sequence analysis in a
Procise 494 cL.C protein sequencing system (Applied Biosys-
tems, Carlsbad, CA).

Immunoprecipitation

Immunocapturing kit MB-IAC Prot G (Bruker Dalton-
ics) was used according to the manufacturer’s protocol. At
first, 15 pL of protein G beads (PB) was diluted in 100 pL
immobilization buffer (IB). The 115-uL diluted PB was
incubated with individual 5-pg samples of anti—apolipo-
protein A-I (apo A-I) antibody (Abcam, Tokyo, Japan) and
5-ug samples of anti—apolipoprotein A-II (apo A-II, Abcam)
antibody at room temperature with rotation for 1 hour and
then washed with 100 pL. of IB on the magnetic separator.
A 25-pL serum sample (diluted 5 times) was added and
incubated with anti-apo A-II antibody bound to PB for 2
hours. The tube was placed in the magnetic separator and
the supernatant was collected. The 20-uL supernatant was
incubated with anti-apo A-I antibody bound to PB for 2
hours. The tube was placed in the magnetic separator, and
the supematant was collected and used for further pretreat-
ment with WCX magnetic beads.

Other Procedures

Serum levels of AFP and DCP were measured using
commercial enzyme immunoassay kits (Fujirebio, Tokyo,
Japan), with cutoff values set at 100 ng/mL and 40 mau [arbi-
trary units}/mL.

The significance of differences in the aforementioned
analyses was examined using IBM SPSS Statistics 19. The
overall diagnostic accuracy of each tumor marker was evalu-
ated with ROC analysis using R statistical software, version
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2.12.1 (http://www.r-project.org/) with the pROC add-on
package. P < .05 was considered significant in all analyses.

Results

Serum Protein Profiling with MALDI-TOF MS and Data
Analysis

To determine proteomic patterns and discover a new
HCC tumor marker, serum samples were fractionated using
magnetic beads coated with WCX chromatography resins,
followed by profiling of the mass spectral patterns of serum
samples from 16 patients with HCC and 15 with cirrhosis.
Using ClinProt software to analyze the peaks across the spec-
tra obtained from the samples, we found a total of 26 peaks
that differed significantly between the two patient groups as
summarized in BTable 38 and KTable 41.

To validate the results obtained in the training set, we
conducted the same procedures using the test set samples.
The candidate peaks selected in both the training and test-
ing sets are summarized (Table 4; discriminatory peaks
detected both in the training set and the testing set). Of the
10 peaks detected by MALDI-TOF MS with peak intensi-
ties of 1,000 or above, we focused on two consecutive peaks
(m/z of 8,567 and 8,894) in which the difference between
HCC and cirrhosis was striking and consistent. Representa-
tive mass spectra are shown in RFigure 1.
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iTable 3
Discriminatory Peaks and P Values in the Training Set

Peaks Increased in HCC Peaks Decreased in HCC

m/ P m/z P
8567.16 <.0001 759.78 <.0001
9024.26 <.001 786.09 <.0001
1628.33 <.01 808.23 <.0001
1741.71 <.01 1350.82 <.0001
2660.62 <.01 1451.22 <.0001
4955.92 <.01 1207.72 <.01
8711.65 <.01 1780.07 <.01
1884.05 <.05 1897.78 <.01
3240.01 <.05 3949.11 <.01
4293.88 <.05 6613.03 <.01
5793.00 <.05 1466.87 <.05
8894.67 <.05 2022.97 <.05
9246.83 <.05 4087.09 <.056

HCC, hepatocellular carcinoma.

ATable 48
Discriminatory Peaks Detected in Both the Training and
Testing Sets

Peaks Increased in HCC Peaks Decreased in HCC
m/z P m/z P
2660.62 <.0001 1451.22 <.01
1628.33 <.001
8711.65 <.001
1741.71 <.01
3240.01 <.01
8567.16 <.01
8894.67 <.01
4293.88 <.05
4955.92 <.05

HCC, hepatocellular carcinoma.
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BFigure 18 Representative matrix-assisted laser desorption/ionization (MALDI) spectra of serum samples obtained from two
patients each with hepatocellular carcinoma (HCC) and liver cirrhosis (LC) in the training group. Mass spectra were generated
with MALDI-time-of-flight mass spectrometry after prefractionation of serum samples using weak cation exchange magnetic
beads with a ClinProt robot. The expression of the 8,567-Da and 8,894-Da peptides was greater in HCC than in LC (arrows). au,

arbitrary units.
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Partial Purification and Identification of the Peaks
of Interest

The peaks of interest were partially purified as outlined
in the “Materials and Methods” section. Serum samples were
first subjected to WCX magnetic beads, and the eluate was
directly loaded onto the Intrada WP-RP column BFigure 2AR.
Under multisegment elution gradient conditions, the elu-
ate was fractionated WFigure 2BE. The fraction check during
column chromatography was conducted with MALDI-TOF
MS. Fractions rich in the peaks of interest were concentrated
and subjected to NH,-terminal amino acid sequence analysis
in a Procise 494 cLC protein sequencing system. Amino acid
sequencing of 8,567 Da revealed that it was a fragment of apo
A-I BFigure 2CHL.

Immunoprecipitation

According to the literature, the 8,894-Da peak is likely to
be a fragment of apo A-I1.33 Immunoprecipitation confirmed
that the 8,894-Da peak was a fragment of Apo A-II. When

HCC serum samples were incubated with sepharose beads
coated with apo A-II mouse monoclonal antibody and cen-
trifuged, in contrast to the serum samples without antibody
treatment BFigure 3AN, a fragment of apo A-II levels in the
supernatant was minimal EFigure 3BH.

The supernatant that had been immunoprecipitated with
anti-apo A-II antibody was further immunoprecipitated with
anti-apo A-I antibody. After these treatments, the peak inten-
sity of the 8,567-Da peak was remarkably decreased, indicat-
ing that the 8,567-Da peak is indeed equivalent to a fragment
of apo A-I BFigure 3CH.

Comparison with AFP and DCP

Relative intensities of the 8,567-Da peak and 8,894-Da
peak together with AFP and DCP data in 34 test set patients
with HCC are presented in #Table 5K.

BFigure 48 shows the ROC curves for AFP, DCP, the
8,567-Da peak, and the 8,894-Da peak when the sensitivities
were determined from the results of 34 patients with HCC,
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VQPYLDDFQK KWQEEMELYR QKVEPLRAEL QEGARQKLHE LQEKLSPLGE EMRDRARAHV
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EFigure 28 Partial purification of the 8,567-Da protein peaks. A, Matrix-assisted laser desorption/fionization-time-of-flight mass
spectrometry spectrum of a serum sample with hepatocellular carcinoma after prefractionation with weak cation exchange
magnetic beads. B, The eluate (total, 80 plL) was subjected to high-performance liquid chromatography and fractionated as
described in the “Materials and Methods” section. The fraction (No. 19) rich in the specific protein (high peak) was collected
{arrow). €, The No.19 fraction was concentrated and subjected to NH,-terminal amino acid sequence analysis in a Procise 494
cLC protein sequencing system, which is matched by amino acid sequencing as shown in bold. au, arbitrary units.
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and specificities were based on 38 patients with cirrhosis. The
areas under the curves for the §,567-Da peak and the 8,894-
Da peak were comparable with those for AFP and DCP. The
ROC curves of AFP, DCP, the 8,567-Da peak, and the 8,894~
Da peak were 0.682, 0.679, 0.660, and 0.648, respectively.
The ROC curves of the AFP and DCP combination and the
AFP, DCP, 8,567-Da peak, and 8,894-Da peak combination
were 0.740 and 0.844, respectively #Figure 58

The cutoff levels for the 8,567-Da and 8,894-Da peaks
were set at the mean + two standard deviations of the data
obtained in 38 patients with cirrhosis without HCC 924.8 au
and 454.6 au, respectively. AFP levels were less than 100
ng/mL in 22 cases, and DCP levels were less than 40 TU/
mL in 18 cases. In 16 cases, both AFP and DCP were not
significantly elevated. It is noteworthy that among these 16
cases, both the 8,567-Da and 8,894-Da peaks were above
the cutoff levels in three cases, and one of the two peaks
was elevated in three cases. Thus, measurements of these

AJCP | OriGINAL ARTICLE

peaks were complementary to AFP and DCP in six cases
in which conventional tumor markers were not diagnostic.

When AFP and DCP were combined, their sensitivity and
specificity were 52.9% and 76.3%, respectively. When AFP,
DCP, the 8,567-Da peak, and the 8,894-Da peak were com-
bined, the sensitivity and specificity were 67.6% and 76.3%,
respectively.

Discussion

The sequencing of the human genome has opened the
door for comprehensive transcriptome and proteome analysis.
Transcriptome analyses have revealed unique patterns of gene
expression that are clinically informative. mRNA abundances,
however, are not necessarily predictive of corresponding
protein abundances.?® Because a detailed understanding of
biological processes, both in healthy and pathologic states,
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BFigure 38 An immunoprecipitation assay was performed to confirm the 8,567-Da and 8,894-Da peaks. A, The baseline mass
spectrum of serum samples with hepatocellular carcinoma (HCC) treated with protein-G sepharose beads and the cluster peaks °
of 8,667 Da and 8,894 Da showed high expression (arrows). B, Mass spectrum of supernatant after incubation of HCC serum
samples with anti-apolipoprotein A-ll antibody bound to protein-G sepharose beads. The 8,894-Da peak intensity was remarkably
decreased (arrow). €, Mass spectrum of supernatant pretreated with anti-apolipoprotein A-ll antibody after incubation of anti-
apolipoprotein A-l antibody bound to protein-G sepharose beads. Compared with A and B, the 8,567-Da peak was disappearing,
indicating that the 8,5667-Da peak is indeed equivalent to apolipoprotein A-l {arrow). au, arbitrary units.
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requires the direct study of relevant proteins, proteomics
bridges the gap between the information coded in the genome
sequence and cellular behavior. Proteomics holds the prom-
ise of improving our understanding of HCC carcinogenesis
and progression as well as discovering useful diagnostic and
therapeutic markers.

Increasing numbers of studies have taken advantage
of various proteomic technologies to discover and identify
potential HCC markers.?® Clinical tissue samples have been
the most extensively studied samples in HCC proteomic
studies. Most studies compared protein expression profiles
of tumor tissues and adjacent nontumor tissues using two-
dimensional electrophoresis and two-dimensional fluores-
cence difference gel electrophoresis.

ITable 51
Relative Intensities of the 8,567-Da Peak and 8,894-Da Peak
Together With AFP and DCP Data in Test Set Patients®

Case AFP, DCP, 8,567 8,804
No. Stage ng/mLP mauw/mL" Da, au Da, au
1 | 1,200 75 363.7 603.5
2 | 52 26 1,018.1 797.6
3 | 28 20 147.7 206.6
4 I 16 407 68.5 239.5
5 I 42 35 481.7 244.8
6 Il 255.9 247 19.7 249
7 i 3.8 25 687.9 111.3
8 i 162.8 76 6563.9 357
9 i 26 32 620 89.2
10 I 7 13 989 529.8
1 i 42 26 576.9 639
12 i 6.5 16 1,043.4 7311
13 Il 45 20 1,162.1 233.7
14 i 28 880 573.7 188.2
15 i 457 551 573.1 243.6
16 il 63,670 520 762.6 401.6
17 Il 141 104 1,230 350.5
18 1l 182 52 1,654.5 509.8
19 ll 200 138 615 342.4
20 1l 37.6 23 738 257.9
21 1l 93 14 28.7 51.6
22 Il 7.9 4,401 161.7 162.8
23 Il 649 14 23.7 14.2
24 Il 6.4 227 1,607.3 875.2
25 Il 3.4 144 530.6 254.3
26 Il 11.6 "1 246 107.6
27 It 19.6 26 150.6 181.9
28 It 10.7 10 439 309.5
29 It 1,313 12 561.3 733.2
30 HA 927 354 296.3 413.7
31 A 208,300 252 416.5 97.3
32 HA 4.3 26 49.3 22.2
33 1B 21 12 1,9185 155
34 VB 28 41 1,651.9 266.9

AFP, a-fetoprotein; au, arbitrary units; DCP, des-y-carboxy prothrombin.

@ Data shown are for 34 patients with hepatocellular carcinoma in the test set. In the
six cases shown in bold (cases 2, 10, 11, 12, 13, and 33), both AFP and DCP were
not diagnostically elevated, whereas the 8,567-Da and/or 8,894-Da peaks were
above the cutoff level.

b AFP and DCP were determined using commercial enzyme immunoassay kits
(Fujirebio, Tokyo, Japan), and 100 ng/mL and 40 mau/mL, respectively, were
considered the upper limit of normal.
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Some studies used laser capture microdissection (LCM)
to characterize isolated tumor cell populations from het-
erogenous tissue sections. By combining LCM and two-
dimensional fluorescence difference gel electrophoresis,
Liang et al’’ found that the protein profiles of well- and
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WFigure 48 Receiver operating characteristic curve analysis
for o-fetoprotein (AFP), des-y-carboxy prothrombin (DCP),
the 8,567-Da peak, and the 8,894-Da peak, with sensitivities
were determined from the results of 34 patients with
hepatoceltular carcinoma and specificities based on 38
patients with liver cirrhosis.
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BFigure 58 The receiver operating characteristic curves for
combined a-fetoprotein (AFP) and des-y-carboxy prothrombin
(DCP) and combined AFP, DCP, 8,5667-Da peak, and 8,894-Da
peak, with sensitivities determined from the results of 34
patients with hepatocellular carcinoma and specificities based
on 38 patients with liver cirrhosis.
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poorly differentiated HCC tissues are significantly different.
Proteome analyses of tumor tissues should be a basis for
HCC marker discovery, and a number of proteins have been
identified as candidate markers for HCC.?%3? We conducted
proteome analyses to compare protein expressions of surgi-
cally resected HCC tissues and adjacent nontumor tissues
using agarose two-dimensional fluorescence difference gel
elecetrophoresis.* Expression levels of 83 proteins were
found to differ between tumor and nontumor; immunoblot
confirmed that the expression of clathrin heavy chain and
Ku 86 significantly increased, whereas formiminotransfer-
ase cyclodeaminase, rhodanese, and vinculin decreased in
tumor.*? These histologic markers, however, have not been
shown to be useful at serum levels as markers for HCC
detection.

Plasma or serum is a target for extensive proteome analy-
sis. SELDI-TOF MS has been successfully used to identify
various cancers, such as prostate, ovarian, colon, breast, and
pancreatic. SELDI-TOF MS has also been used to explore
detective tumor markers in HCC. Poon et al?® used IMAC3
Cu and WCX2 chips to identify tumor-specific proteomic sig-
natures that can differentiate HCC from chronic liver diseases
without HCC.

Paradis et al?® found that the C-terminal fragment of vit-
ronectin is a diagnostic marker for HCC. They also showed in
an in vitro study that the vitronectin fragment was a cleavage
product of intact vitronectin and metalloprotease that was
overexpressed in HCC tissues.

More recently, Kanmura et al’’ analyzed serum samples
obtained from seven patients with HCC before the diagnosis
was made with ultrasonography. Cui et al?® also conducted a
SELDI-based search for HCC tumor markers. This technology,
however, has some limitations; high cost, the fact that only one
MS pass is made, and difficulty in further identifying proteins.

Instead of the chip-based method used in SELDI-TOF
MS, the affinity bead-based approach analyzes serum sam-
ples with MALDI-TOF MS after fractionation using magnetic
beads.2® This technique has been used for identification and
pattern recognition in various disease conditions, such as
brain tumor?® and oral cancer.*! We also have used this tech-
nology and reported novel markers for multiple sclerosis,>
alcoholism,?! and gastric cancer.’?

In this study, serum samples were fractionated using
magnetic beads coated with WCX chromatography resins,
followed by profiling of the mass spectral patterns of serum
samples from 16 patients with HCC and 15 with cirrhosis
as a training set. The candidate discriminatory peaks were
validated in a test set. As a result, we found 10 peaks that
differed significantly between the two patients groups as sum-
marized in Table 4. The next step was to identify these peaks.
Partial purification of the peaks of interest showed that the
8,567-Da peak was a fragment of apo A-L. The results of the
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immunoprecipitation experiment indicated that the 8,894-Da
peak was a fragment of apo A-IL

Steel et al*? suggested that apo A-I had a diagnostic role
in patients with HCC. In their study, serum proteome analy-
ses were conducted using two-dimensional electrophoresis
in serum samples obtained from hepatitis B virus—positive
individuals with varying levels of risk for the development of
HCC and also from patients with HCC. The molecular weight
of the apo A-I isoform presented in their report was different
from the isoform presented herein. Also, serum levels of their
apo A-l isoform were indeed lower in patients with HCC than
those in patients with chronic hepatitis B.*?

The 8,894-Da peak, most likely to be a fragment of apo
A-II based on the result of the immunoprecipitation experi-
ment, was reported to be overexpressed in serum samples
from patients with prostate cancer.’ It has been claimed that
the peptide peak was elevated in patients with normal pros-
tate-specific antigen levels, suggesting potential usefulness
of the marker in detecting indolent disease.?> Similar to our
results, Malik et al’® found the greatest discriminatory value in
the study between normal and diseased, and some separation
was found using the 8,900 m/z peak between benign prostatic
hyperplasia. These studies suggest that a proteomic method
can be used for identifying serum biomarkers for HCC and
other liver diseases and also for distinguishing the HCC plus
HCV-positive cirthosis from HCV-positive cirrhosis.

Although the diagnostic abilities of these peptides as
determined by ROC analysis were comparable with the two
representative conventional markers, it is notable that both the
8,567-Da or 8,894-Da peaks were elevated in six of 16 cases
in which both AFP and DCP were below their cutoff levels.
These results suggest that the two peptides found in this study
may be complementary to AFP and DCP in detecting HCC.
Prospective studies with large numbers of cases will be neces-
sary to further establish the diagnostic roles of the 8,567-Da
and 8,894-Da peptides in the diagnosis of HCC. Also, it needs
to be tested whether these peptides are altered in cancers other
than those of the liver.
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Abstract

The objectives of this study were to examine serum periplakin expression in patients with urothelial carcinoma
of the urinary bladder and in normal controls, and to examine relationships with clinicopathological findings.
Detection of serum periplakin was performed in 50 patients and 30 normal controls with anti-periplakin
antibodies using the automatic dot blot system, and a micro-dot blot array with a 256 solid-pin system. Levels
in patients with urothelial carcinoma of the urinary bladder were significantly lower than those in normal
controls (0.31 and 5.68; respectively; p<0.0001). The area under the receiver-operator curve level for urothelial
carcinoma of the urinary bladder was 0.845. The sensitivity and specificity, using a cut-off point of 4.045, were
83.7% and 73.3 %, respectively. In addition, serum periplakin levels were significantly higher in patients with
muscle-invasive cancer than in those with nonmuscle-invasive cancer (P = 0.03). In multivariate Cox proportional
hazards regression analysis, none of the clinicopathological factors was associated with an increased risk for
progression and cancer-specific survival. Examination of the serum periplakin level may play a role as a non-
invasive diagnostic modality to aid urine cytology and cystoscopy.

Keywords: Periplakin - urothelial carcinoma - diagnosis
Asian Pac J Cancer Prev, 15 (22),9927-9931

Introduction The plakin family mediates the tissue filaments

that represent the cell cytoskeleton in cell-to-cell

Urothelial carcinoma of the urinary bladder (UCB) is
the second most common malignancy in the genitourinary
tract. Approximately 75% of UCB cases are diagnosed as
nonmuscle-invasive bladder cancer (NMIBC) at the first
diagnosis (Shelley et al., 2010). NMIBC has the tendency
to recur and may progress to muscle-invasive bladder
cancer (MIBC), which is a life-threatening neoplasm
(Ikeda et al., 2014). Cystoscopy and urine cytology are
typical modalities for the diagnosis and surveillance
of UCB. Cystoscopy can identify the most papillary
and solid lesions, but it is physically uncomfortable for
patients. Use of urine cytology is limited because of its
low sensitivity. For these reasons, some tumor markers
have been investigated (eg, BTAstat, NMP22), but their
sensitivity and specificity are limited and not superior to
urine cytology (Toma et al., 2004). To overcome these
limitations, preoperative molecular markers are expected
to be used as a minimally invasive method for assisting in
and predicting a precise diagnosis in patients with UCB
(Ghafouri-Fard et al., 2014).

junctions mediated by cadherin, and it is able to
withstand mechanical stimulation and provide integrity
of tissues (Jefferson et al., 2004; Sonnenberg et al.,
2007). Dysfunctional plakin proteins contribute to
diverse diseases, and autoantibodies and mutations
perturb their activities with profound consequences.
Seven plakin proteins are found in mammalian cells.
Envoplakin, desmoplakin, and periplakin are associated
with desmosomes in various solid tissues. A proteomics
technique including two-dimensional gel electrophoresis
(2-DE) combined with immunoblot analysis has been
shown to identify tumor-associated antigenic proteins for
UCB (Minami et al., 2014). Periplakin is a candidate for
being a tumor marker in patients with UCB. The 195-kDa
membrane-associated protein periplakin is involved in
cellular movement and attachment (Nagata et al., 2001).

We previously found that loss of periplakin expression
was associated with biological aggressiveness of UCB
using immunohistochemical staining (Matsumoto et al.,
2014). In addition, the majority of UCB showed loss or
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decreased expression patterns compared with normal or
benign lesions on pathological slides. Next, we sought
to determine whether the dynamics of serum periplakin
would detect UCB and predict the prognosis in patients
with UCB.

The primary objective of this study was to investigate
the circulating periplakin levels needed for use as a
potential detection marker for UCB. The secondary
objective was to determine whether the levels of periplakin
would be associated with clinicopathological features and
prognosis in patients with UCB.

Materials and Methods

Patients

This retrospective study included 52 patients with
UCB who were treated at Kitasato University Hospital
between August 2004 and July 2009. Serum samples
from two patients (a man and a woman) were used in
other studies (Tsumura et al., 2014). There were 43 men
(86%) and 7 women (14%) with a median age of 70
years (mean=68.5; range=39-82 years). Twenty-two of
these patients were treated with radical cystectomy and
bilateral pelvic lymphadenectomy, and the other 28 were
treated with transurethral resection (TUR). Preoperative
serum levels of periplakin were measured. Laboratory
studies, chest X-ray, and pelvic computed tomography or
magnetic resonance imaging were routinely investigated,
and there was no evidence of clinical distant or lymph node
metastasis in any of the patients. The 2002 Tumor-Node—
Metastasis (TNM) classification was used for pathological
staging, and the World Health Organization classification
was used for pathological grading. Lymphovascular
invasion (LVI) determined the presence of cancer cells
within the endothelial space. Cancer cells that merely
invaded a vascular lumen were considered negative.

The median follow-up time was 63.3 months
(mean=60.9; range=6.4-125 .9 months) for those patients
who were still alive at the last follow-up session. A
postoperative follow-up examination was scheduled every
3 to 4 months after TUR and cystectomy, respectively,
during the first year. Semi-annual examinations
were performed during the second year, with annual
examinations thereafter. More frequent examinations were
scheduled if clinically indicated. None of the patients
had previous radiation or systemic chemotherapy before
surgical treatment, and none had a history of pulmonary
or skin diseases.

We also measured serum periplakin levels in 30 normal
controls (healthy volunteers). Approval was granted by
the ethics committee of Kitasato University School of
Medicine and Hospital, and all patients signed written
informed consent.

Measurement of serum periplakin

All serum samples were kept at -80°C until use.
Serum periplakin levels were detected by using an
automated micro-dot blot array with a 256 solid-pin
system (Kakengeneqs Co., Ltd., Chiba, Japan). In
brief, the removal of albumin and IgG from sera was
performed using a ProteoExtract Albumin/IgG removal
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kit (Merck, Darmstadt, Germany) according to the
manufacturer’s instructions; 1 ul each of 20-times diluted
albumin-depleted and IgG-depleted sera was spotted
onto polyvinylidene difluoride membranes (Millipore
Corp., Bedford, MA, USA). The membranes were then
blocked with 20% N101 (NOF Corp., Tokyo, Japan)/
TBS for 1 h at room temperature. After being washed in
TBS, the membranes were reacted with 100-times diluted
primary polyclonal antibody against periplakin (Santa
Cruz Biotech, Dallas, TX, USA) with 1% N101/TBS for
30 min at room temperature. After being washed with
TBS containing 0.1% Tween-20, the membranes were
incubated with 1000-times diluted horseradish peroxidase—
conjugated anti-mouse IgG polyclonal antibody (Dako,
Glostrup, Denmark) for 30 min at room temperature.
Finally, signals were developed with Immobilon Western
reagent (Millipore Corp.). The data were analyzed using
DotBlotChip System software version 4.0 (Dynacom Co.,
Ltd., Chiba, Japan). Normalized signals are presented as
the positive intensity minus background intensity around
the spot.

Statistical analyses )

For the purposes of our analysis, gender, age (younger
than 65 versus 65 or older), pathological stage (Ta or T
as NMIBC versus T2 or greater as MIBC), pathological
grade (grades 1 and 2 versus grade 3),LVI (positive versus
negative), and lymph node status (NO versus N1 and N2)
were evaluated as dichotomized variables. Mann-Whitney
U test was used to evaluate the association of periplakin
with gender, age, pathological stage and grade, lymph
node status, and LVI. Mann-Whitney U test was also used
to compare the serum periplakin levels between UCB
patients and normal controls. The Kaplan Meier method
was used to calculate survival functions, and differences
were assessed with the log rank test. The area under the
curve (AUC) and best cut-off point were calculated using
the receiver-operating characteristic (ROC) analysis.
Multivariate survival analyses were performed with the
Cox proportional hazards regression model, controlling for
serum periplakin, pathological stage and grade, presence
of LVI,and lymph node metastases. Statistical significance
was set as p<0.05. All analyses were performed with
StatView (version 5.0; SAS Institute, Cary, NC, USA).

Results

Validation of preoperative serum periplakin

The median levels of serum periplakin in patients
with UCB and in normal controls were 0.31 (mean=1.96;
range=0-20.49) and 5.68 (mean=6.11; range=0-17.59),
respectively (Figure 1). There were significantly decreased
serum periplakin levels in patients with UCB than in
normal controls (p<0.0001).

ROC curve analysis of serum periplakin level was
performed for the comparison between the UCB group
and the control group. The AUC-ROC level for UCB was
0.845 (95% Cl1=0.752-0.937) (Figure 2). The sensitivity
and specificity in UCB, using a cut-off point of 4.045,
were 83.7% (95% C1=70.3%-92.7%) and 73.3% (95%
CI=54.1%-87.7%), respectively.



Association of preoperative serum periplakin with
clinicopathological characteristics

The association of serum periplakin with
clinicopathological features is shown in Table 1. Median
serum periplakin levels in patients with NMIBC and
MIBC were 0.00 and 1.48, respectively. Preoperative
serum periplakin levels were significantly higher in
patients with MIBC than in patients with NMIBC
(p=0.03). There were no significant differences in serum
periplakin levels in terms of gender, age, pathological
grade, LVI, and lymph node status (p>0.05).

Association of periplakin expression with prognosis

Disease progression was observed in 13 patients
(26%) (median time to progression=25.4; mean=27 4;
range=4.8—64.8 months). Twelve patients (24%) (median
time to death=29; mean=33.7; range= 9.2-80.4 months)
died during the study period.

The Kaplan Meier method using the log-rank test
indicated that the normalized signals from patients with
serum periplakin above the median level of 0.31 showed
no significant differences in terms of progression and
cancer-specific survival.

In multivariate Cox proportional hazards regression
analysis controlling for preoperative serum periplakin
levels, pathological stage and grade, LVI, and lymph
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Figure 1. Serum Periplakin Expression Level in
Normal Controls (n=30) and in those with Bladder

Cancer (n=50) by Dot Blot Analysis. Horizontal lines
indicate medians
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Figure 2. Receiver-Operating Characteristic (ROC)
Analysis of Serum Periplakin Expression Level. The
area under the curve-ROC level for bladder cancer was 0.845.
The sensitivity and specificity, using a cut-off point of 4.045,
were 83.7% and 73.3%, respectively
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Table 1. Association of Preoperative Serum Periplakin
Levels with Clinical and Pathological Characteristics

Total no.of  Serum periplakin levels P*
patients (%) Median Mean Range
Gender >0.99
Male 43(86) 023 2.11 0.00-4.38
Female 7(14) 032 1.06 0.00-20.49
Age (years) 041
<65 16(32) 0 1.58 0.00-6.99
=65 3468 051 2.14 0.00-20.49
Pathological stage 0.03
pTa, pT1 27(34) O 1.15 0.00-4.08
pI2,pT3,pT4 23(46) 148 291 0.00-20.49
Pathological grade 042
Grade 1,2 26(52) O 1.7 0.00-7.88
Grade 3 24 (48) 098 224 0.00-20.49
LVI status 0.36
Negative 33(67) 0043 131 0.00-6.99
Positive 17 (33) 0.74 2.85 0.00-20.49
Lymph node status 0.44
Negative 44 (88) 0.5 2.12 0.00-3.75
Positive 6 (12) 0.16 0.8 0.00-20.49

*No: number; LVI: lymphovascular invasion. ¥*Mann-Whitney U test

node status as dichotomous variables, none of the factors
was associated with an increased risk for progression or
cancer-specific survival.

Discussion

UCB ranks in the top category of newly diagnosed
cancers. High-risk disease of NMIBC revealed high
rates (up to 90%) of recurrence (Shelley et al., 2010).
It is important to diagnose UCB accurately and quickly
with the help of a simple and cost-effective method.
Although TUR and histological examination remain the
gold standard, urine cytology is helpful as a noninvasive
method of early diagnosis of UCB (Matsumoto et al.,
2014). With the currently available modalities, there is no
reliable biochemical or molecular examination that could
be used as a universal screening tool for UCB.

Although investigations of autoantibodies to periplakin
were performed in several reports (such as those involving
pulmonary and skin diseases) (Park et al., 2006; Taille
et al., 2011), this is the first study to evaluate serum
periplakin for cancer detection, particularly UCB. Serum
periplakin was significantly lower in patients with UCB
than in normal controls. In addition, using the best cut-off
point determined by the ROC curve, preoperative serum
periplakin potentially acts as a biomarker for diagnosis.
With encouraging results using the dot plot system in
regard to serum periplakin, the diagnosis of UCB could
become more simple and noninvasive.

Recent studies reported the biological role of periplakin
in cancerous lesions. Downregulation of periplakin was
correlated with the progression of esophageal squamous
cell carcinoma (Hatakeyama et al., 2006; Nishimori et
al., 2006). Cyclin A2~induced upregulation of periplakin
was associated with poor prognosis as well as cisplatin
resistance in endometrial cancer cells (Suzuki et al., 2010).
Periplakin silencing reduced migration and attachment of
pharyngeal squamous cancer cells (Tonoike et al., 2011).
Periplakin silencing in triple-negative breast cancer cells
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