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A genetic database can be utilized to identify potential biomarkers
for biphenotypic hepatocellular carcinoma-cholangiocarcinoma
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Background: Biphenotypic hepatocellular carcinoma-cholangiocarcinoma (HHCC-CC) is an uncommon
primary liver neoplasm. Due to limitations in radiologic imaging for the diagnosis of this condition, biopsy is
a common method for diagnosis, which is invasive and holds potential complications. To identify alternative
means for obtaining the diagnosis and assessing the prognosis of this condition, we evaluated biomarkers for
biphenotypic HCC-CC using a genetic database.

Methods: To evaluate the genetic associations with each variable we utilized GeneCards®, The Human
Gene Compendium (http://www.genecards.org). The results of our search were entered into the Pathway
Interaction Database from the National Cancer Institute (PID-NCI) (http://pid.nci.nih.gov), to generate a
biomolecule interaction map.

Results: The results of our query yielded 690 genes for HCC, 98 genes for CC and 50 genes for HCC-CC.
Genes depicted in this analysis demonstrate the role of hormonal regulation, embryonic development,
cell surface adhesion, cytokeratin stability, mucin production, metalloproteinase regulation, Ras signaling,
metabolism and apoptosis. Examples of previously described markers included hepatocyte growth factor
(HGF), mesenchymal epithelial transition (MET) and Kirsten rat sarcoma viral oncogene homolog (KRAS).
Novel markers included phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA),
GPC3, choline kinase alpha (CHKA), prostaglandin-endoperoxide synthase 2 (PTGS2), telomerase reverse
transcriptase (TERT), myeloid cell leukemia 1 (MCL1) and N-acetyltransferase 2 (NAT?2).

Conclusions: GeneCards is a useful research tool in the genetic analysis of low frequency malignancies.
Utilizing this tool we identified several biomarkers are methods for diagnosing HCC-CC. Finally, utlizing
these methods, HCC-CC was found to be predominantly a subtype of CC.
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Introduction counterparts, the characteristics of this neoplasm make

Biphenotypic hepatocellular carcinoma-cholangiocarcinoma diagnosis challenging using conventional radiologic imaging

(HCC-CC) comprises an estimated 1-6.5% of primary and serologic markers. Moreover, accurate prognostic
liver neoplasms (1). Although this entity does demonstrate information is affected by the low frequency of this tumor,

pathologic features of its well-established biphenotypic which restricts available clinical information even within
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large medical centers (2-20).

There are numerous genetic and risk factors
important for hepatocellular carcinoma (HCC) and
cholangiocarcinoma (CC) separately, which have yet to
be addressed in HCC-CC (17-22). Prior studies have
examined the role of cytoskeletal stability, apoptosis, and
the inflammatory cascade in HCC-CC (4-16). Additionally,
as HCC-CC poses a diagnostic dilemma for radiologists,
tumor specific biomarker may assist in the diagnosis of this
neoplasm and prognostic assessment (23,24).

In this study, we evaluate the utility of a genetic database
to identify potential biomarkers for biphenotypic HCC-CC
using shared genetic characteristics.

Methods
Variables

We initially evaluated the pathologic subtypes of HCC-CC,
HCC and CC (25,26). Pathologic subtypes for HCC-CC
included classical and stem-cell. Pathologic subtypes for
HCC included: fibrolamellar, scirrhous, sarcomatoid and
lympho-epithelial. Subtypes for CC included: intraductal
papillary, intestinal-type, clear, squamous and small cell.

After performing our literature search, we identified risk
factors relevant to HCC-CC, HCC alone and CC alone
(12-15,17-22). Among these risk factors, cirrhosis, hepatitis
B virus (HBV) and hepatitis C virus (HCV) viral infections
are evaluated risk factors for HCC-CC (12-15,17-20). For
HCC alone, the aforementioned risk factors were included
as were the following: portal hypertension, alcoholic fatty
liver, aflatoxin, peliosis hepatitis, autoimmune hepatitis
(AIH), primary biliary cirrhosis (PBC), granulomatous
hepatitis, non-alcoholic fatty liver disease (NAFLD),
non-alcoholic steatohepatitis (NASH), hemochromatosis
(HCM), glycogen storage disease, Wilson’s disease, porphyria
cutanea tarda (PCT), alpha-1 antitrypsin, tyrosinemia, portal
vein thrombosis, Budd-Chiari syndrome. For CC we evaluated
the following variables: primary sclerosing cholangitis (PSC),
cystic disease of the liver, biliary cyst, choledochal cyst, Caroli
disease, other congenital malformation of the bile ducts, other
congenital malformations of the gall bladder, cholangitis,
schistosomiasis, opisthorchiasis, clonochiasis, recurrent
cholangitis, and biliary stricture.

Genetic database

To evaluate the genetic associations with each variable we
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utilized GeneCards®, The Human Gene Compendium
(http://www.genecards.org) (27-33). Our initial search was
performed on HCC alone, CC alone, and finally HCC-CC.
Next, we evaluated the risk factors mentioned above
utilizing the same compendium database. We then evaluated
each possibly biomarkers in accordance to HCC alone, CC
alone, and finally HCC-CC. All results were recorded and
each gene was scrutinized manually, independent of the
search results.

During our manual assessment of each gene we
evaluated gene function, pathway and interaction,
association with other genes, cellular location, genomic
location, and existing therapeutic targets. The results of
our search were then entered into the Pathway Interaction
Database from the National Cancer Institute (PID-NCI)
(http://pid.nci.nih.gov), to generate a biomolecule
interaction map.

Results
Overall genetic characteristics

The results of our query yielded 690 genes for HCC, 98
genes for CC and 50 genes for HCC-CC. A summary of
the search results for these searches can be visualized in
Table S1. Genes depicted in this analysis demonstrate the
role of hormonal regulation, embryonic development, cell
surface adhesion, cytokeratin stability, mucin production,
metalloproteinase regulation, Ras signaling, metabolism
and apoptosis. Table 1 depicts the relationship between these
genes, the genomic and cellular location. These genes were
integrated into a PID-NCI biomolecule interaction map
(Figure SI), demonstrating an overview of the interactions
between each gene for HCC-CC.

Gamma-glutamyl transpeptidase (GGT) appeared to
have the highest number of associated risk factors (20),
followed by the cytokeratin-related genes (KRT7, 8, 9, 18
and 19) (4, 5, 8, 7 respectively). Alkaline phosphatase (ALP)
related genes (ALPL, ALPP, ALPPL?2) also had a high
number of associated etiologies (4, 7 and 4 respectively)
(Table 1). The genetic location for genes involved in
hormonal regulation demonstrated a genetic location of
11p15. Cell adhesion molecules hepatocyte growth factor
(HGF) and mesenchymal epithelial transition (MET)
demonstrated a genetic location of 7p and genes involved
in mucin production 11p15.5. Overall cytokeratin genes
demonstrated a genetic location of 12q13, with the
exception of KRT'19, with a location of 17q21.

jgo.amegroups.com 7 Gastrointest Oncol 2016;7(4):570-579



572

Table 1 Genes and potential biomarkers identified for HCC-CC,

HCC, CC and associated conditions

Conditions Total genes
HCC-CC 50
HCC 690
HCC pathologic subtypes
Fibrolamellar HCC 5
Scirrhous HCC 2
Sarcomatoid HCC 11
Lympho-epithelial-like HCC 94
HCC risk factors
Cirrhosis 352
Portal hypertension 30
Infectious
Hepatitis C 272
Hepatitis B 293
Toxin
Alcoholic fatty liver 30
Aflatoxin
Peliosis hepatis
Autoimmune
Autoimmune hepatitis 206
Primary biliary cirrhosis 118
Granulomatous, hepatitis 11
Metabolic
Fatty liver disease 125
Nonalcoholic steatohepatitis 9
Hemochromatosis 52
Glycogen storage diseases 52
Wilson disease 26
Porphyria cutanea tarda 20
Alpha-1, antitrypsin 20
Tyrosinemia 15
Vascular
Portal vein thrombosis
Budd-Chiari syndrome
CC 98
CC pathologic subtypes
Intraductal papillary CC
Intestinal-type CC
Clear cell CC 12
Signet-ring CC
Squamous Cell CC 54
Small cell CC 39

Table 1 (continued)
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Table 1 (continued)

Conditions Total genes
CC risk factors
Primary sclerosing cholangitis 41
Congenital
Cystic disease of liver 97
Biliary cyst 20
Choledochal cyst 8
Caroli disease 2
Other congenital malformations of bile ducts 1
Other congenital malformations of gallbladder 1
Infectious
Cholangitis 58
Schistosomiasis 43
Opisthorchiasis 12
Clonorchiasis 12
Recurrent cholangitis 7
Anatomic
Biliary stricture 2

HCC-CC, hepatocellular carcinoma-cholangiocarcinoma; HCC,
hepatocellular carcinoma; CC, cholangiocarcinoma.

Cell adhesion molecules (HGF and MET) are located
in the extracellular matrix (ECM) and cell membrane.
Cytokeratin molecules are expressed in the cellular
membrane, Golgi apparatus, and nucleus, except for
KRT19, located in the ECM and cellular membrane.
Mucin production genes MUC2 and MUCSAC localize
to the ECM. Metalloproteinase, membrane metallo-
endopeptidase (MME) and reversion-inducing-cysteine-rich
protein with kazal motifs (RECK), were located in the ECM
and cell membrane, while MMP7 and tissue inhibitor of
metalloproteinases 3 (TIMP3) were located in the ECM
and Nucleus. Gene ALPL, ALPP, ALPPL2 and GGT were
located in all cellular locations.

"The relationship of these genes to each other is summarized
in Table 1 and Figure S1. There appears to be a linkage
between the embryonic genes and secretin (SCT). KRT18
also demonstrated some associations with the cell adhesion
genes. Not surprising, Ras-signaling genes have a relation
with apoptosis genes which in turn overlap with cell adhesion,
cytokeratin, metabolism and metalloproteinase genes.

Pathologic subtypes
A complete listing of all genes for each pathologic subtype
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is presented in Table S2. For each pathologic subtype of
HCC-CC, no novel genes could be identified, likely due to
extreme search specificity. A detailed examination of HCC
subtypes was performed. Fibrolamellar HCC demonstrated
no genetic overlap with HCC-CC. Scirrhous HCC possessed
two novel genes including MET which shared a common
bridge with HCC-CC. Sarcomatoid HCC demonstrated
carcinoembryonic antigen-related cell adhesion molecule
3 (CEACAM3) and CHDI in common with HCC-CC.
Among the pathologic subtypes of HCC, lympho-epithelial
HCC had the most genetic overlap with HCC-CC possessing
both cadherin (CDH1) and MET, along with ALPP, ALPL,
ALPPL2, MUC2, MUCS5AC, NAT2, PTGS2, SCT, catenin
(cadherin-associated protein), alpha 1 (CTNNAI) and
vascular endothelial growth factor C (VEGFC). This totaled
12 genes or 24% overlap with HCC-CC.

Next, the pathologic subtypes of CC were evaluated for
overlap with HCC-CC. Intraductal papillary CC shares
SMAD family member 4 (SMAD4), Intestinal-type CC
possessed Kirsten rat sarcoma viral oncogene homolog
(KRAS), KRT7, phosphatidylinositol-4,5-bisphosphate
3-kinase, catalytic subunit alpha (PIK3CA) and tumor protein
p53 (TP53) (8% overlap) in common with HCC-CC.
Numerically, signet ring CC was similar to the intraductal
papillary subtype, differentially expressing 4 genes (8%)
in common with HCC-CC (KRT7, MUC2, CDHI and
CEACAMS). Clear cell CC, small cell CC, and squamous
cell CC share 20%, 54%, and 78% gene overlap with
biphenotypic HCC-CC, respectively. Novel genes expressed
by both clear cell CC and HCC-CC include 8-oxoguanine
DNA glycosylase (OGG1), CDHI, fragile histidine triad
(FHIT) and SMAD family member 4 (SMAD4) among
others for 20% overlap with HCC-CC. Genes shared by
both HCC-CC and squamous cell CC involve functions
such as cytokeratin stability, apoptosis, Ras-signaling, cell
adhesion, embryonic development, metalloproteinase,
metabolism and tumor necrosis factor alpha pathways.

Hepatocellular carcinoma (HCC) risk factors

Known risk factors for HCC were evaluated with respect
to HCC-CC. Table 2 depicts the total number of genes
available for each risk factor for HCC when evaluated
separately. Cirrhosis had the highest number of genes at
352, followed by 293 for HBV and 272 for HCV. Peliosis
hepatitis had the least number of associated genes.

We compared the genes in each risk factor with HCC
and HCC-CC. The results of this comparison are listed
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in Table 3. Of all the listed risk factors, cirrhosis had the
highest number of gene associations with HCC [156] and
HCC-CC (19 of 50 or 38%). These genes are summarized
in Table $3. Most commonly, cirrhosis and HCC-CC
differentially expressed genes related to Ras signaling
[KRAS, V-Raf-1 murine leukemia viral oncogene homolog
1 (RAF1), RAASF1] and cellular metabolism [ALPP, choline
kinase alpha (CHKA), GGT1 and NAT?2]. Hepatitis B had
133 genes shared with HCC and 12 with HCC-CC (24%).
Genes shared between HBV and HCC-CC were alpha-
fetoprotein (AFP), MET, KRTS8, KRAS, RAF1, genes for
metabolism and apoptosis. Similar to HBV, HCV had a
high number of comparable genes when compared with
HCC [115] and HCC-CC (9.18%). Similar to HBV, HCV
demonstrated genes AFP, MET, KRAS and RAF1. Unlike
HBYV, HCV also demonstrated KRT'18 (v. KRT8 for HBV),
MMP7, TIMP3 and only GGT1 for metabolism.

In addition to HCV, autoimmune disease such as ATH
and PBC demonstrated several genes in common with HCC
(88 for AIH and 42 PBC) and HCC-CC [5 (10%), 9 (18%)
respectively]. AIH demonstrated GPC3, KRTS, 18, KRAS,
GGTT1 in common with HCC-CC. When comparing genes
for PBC and HCC-CC, this etiology possessed SCT, HGE,
KRT7, KRT19, MUCS5AC, MMP7, ALPP, CHKA and
myeloid cell leukemia 1 (MCL1). Fatty liver disease had
4 genes in common with HCC-CC and 41 with HCC.

Cholangiocarcinoma (CC) risk factors

When evaluating the genes present in CC, our analysis
yielded 98 genes. A summary of CC-related risk factors is
summarized in Table 2. The highest number of genes among
CC risk factors included 97 for cystic disease of the liver,
58 for cholangitis, 43 for schistosomiasis and 41 for PSC.
The lowest number of genes present was found in other
congenital malformations of the bile ducts and gall bladder.

As in HCC, we then compared the CC risk factors with
HCC-CC, depicted in Table 3. Among these etiologies,
cystic disease of the liver demonstrated 17 genes in common
with CC and 13 of 50 with HCC-CC (26%). Such genes
included all cytokeratin-related genes along with AFP,
CEACAM3, SCT, MME, Ras association (RalGDS/AF-6)
domain family member (RASSF1) and NAT?2. Biliary cysts,
demonstrated 10 genes in common with CC and 8 (16%)
with HCC-CC. These results can be summarized in Tible S3.

The next most common etiology for HCC-CC from CC
was cholangitis. This risk factor demonstrated 8 genes in
common with CC and 7 (14%) with HCC-CC. This risk
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Table 2 Genes and biomarkers identified for HCC, CC and HCC-CC

in correlation with pathologic subtypes and risk factors

Variables HCC-CC HCC CC
Pathologic subtypes
Fibrolamellar HCC 0 5 0
Scirrhous HCC 1 2 2
Sarcomatoid HCC 11
Lympho-epithelial-like HCC 12 94 12
Intraductal papillary CC 1 1 2
Intestinal-type CC
Clear cell CC 10 10 12
Signet-ring CC 5
Squamous cell CC 39 39 54
Small cell CC 27 27 39
Risk factor
Cirrhosis 19 156 21
Portal hypertension 1 8 1
Infectious
Hepatitis C 9 115 12
Hepatitis B 12 133 17
Cholangitis 7 24 8
Schistosomiasis 0 10 0
Opisthorchiasis 1 3 1
Clonorchiasis 0 1 0
Recurrent cholangitis 1 2 1
Metabolic
Non-alcoholic fatty liver disease 4 41 4
Nonalcoholic steatohepatitis 1 6 1
Hemochromatosis 0 12 0
Glycogen storage diseases 0 6 0
Wilson disease 0 10 0
Porphyria cutanea tarda 0 4 0
Alpha-1 antitrypsin deficiency 0 4 0
Tyrosinemia 1 4 1
Congenital
Cystic disease of liver 13 47 17
Biliary cyst 8 10 10
Choledochal cyst 2 2
Caroli disease 0 0
Other congenital malformations of 0 0 1

bile ducts

Other congenital malformations of
gallbladder

Table 2 (continued)
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Table 2 (continued)

Variables HCC-CC HCC CC
Autoimmune
Autoimmune hepatitis 5 88
Granulomatous hepatitis 0 4
Primary biliary cirrhosis 9 42 10
Primary sclerosing cholangitis 2 15 3
Carcinogen
Alcoholic fatty liver 2 15 2
Alcohol 8 49 8
Aflatoxin 2 2
Peliosis hepatis 0 0
Vascular
Portal vein thrombosis 1 4 1
Budd-Chiari syndrome 0 0 0
Anatomic
Biliary stricture 0 2 0

HCC-CC, hepatocellular carcinoma-cholangiocarcinoma; HCC,
hepatocellular carcinoma; CC, cholangiocarcinoma.

factor appeared to demonstrate several metabolic genes
(ALPL, ALPP, ALPPL2 and GGT1), as well as KRT19
and MUC2. PSC demonstrated 2 (4%) genes in common
with HCC-CC (KRT'19 and GGT1) vs. 3 with CC alone.
Choledochal cyst as a risk factor also demonstrated 2 (4%)
genes in common with HCC-CC (SCT and PTGS2).
Opisthochiasis, recurrent cholangitis, and other congenital
malformations of the gall bladder demonstrated only a
single gene in common with HCC-CC. All other CC-
related etiologies had no risk factors in common with

HCC-CC depicted in Table 3 and Table S3.

Discussion

Biphenotypic HCC-CC is a unique hepatic neoplasm
expressing features of both HCC and CC. This tumor
poses a diagnostic dilemma, utilizing radiologic imaging
alone, and thus biomarkers would prove a valuable resource
in this condition (23,24). To identify potential biomarkers
that could assist clinicians in the diagnosis of this unique
primary liver cancer, we utilized GeneCards®, the Human
Gene Compendium.

Prior studies have validated the use of this database in
the study of several medical conditions (27-33). Specifically,
this compendium has assisted researchers in identifying
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Table 3 Description of genes and potential biomarkers identified for HCC-CC and relationship to each other

Etiologies with Genetic

Gene function Gene name gene (total)  location Cellular location Function
Embryonic AFP 6 4913.3 ECM and cytoskeleton Plasma protein produced by yolk sac
CEACAM3 2 19913 Cell membrane Transmembrane signaling molecule to direct
phagocytosis of bacteria
GPC3 2 Xq26 Cell membrane, cytosol, golgi, Core protein anchored to the cytosolic
lysozome membrane
Hormonal CCKBR 2 11p15.4 Cell membrane Receptor for CCKB
SCT 7 11p15.5 ECM Endocrine hormone secretin
Cell adhesion HGF 5 7921.1 ECM to cell membrane Tyrosine kinase cellular signaling
MET 4 7931 ECM to cell membrane Tyrosine kinase cellular signaling
Cytokeratin KRT7 4 12913.13 Cellular membrane, golgi, nucleus  Neutral Proteins involved in differentiation
KRT8 5 12q13.13 Cellular membrane, golgi, nucleus Neutral Proteins involved in differentiation
KRT18 8 12913 Cellular membrane, golgi, nucleus Neutral Proteins involved in differentiation
KRT19 7 17921.2 ECM to cell membrane Neutral Proteins involved in differentiation
Mucin production MUC2 2 11p15.5 ECM, golgi High molecular weight glycoprotein in gut
barrier function
MUC5AC 3 11p15.5 ECM Protein coding gene for ECM
Metalloproteins  MME 2 3925.2 ECM, cell membrane Endopeptidase that cleaves several
glycoproteins
MMP7 5 11921 ECM, nucleus Breakdown of ECM
RECK 3 9p13.3 ECM, cell membrane Acted upon by cancer leading to negative
regulation of MMP
TIMP3 4 22q12.3 ECM, nucleus Peptidases for degradation of ECM
Ras signaling KRAS 5 12p12.1 Cell membrane, cytosol, nucleus Promoter leading GTPase activation
RAF1 3 3p25 Mitochondrion, cytosol, nucleus MAP kinase > Ras signaling
RASSF1 2 3p21.3 Cytoskeleton, nucleus Tumor suppressor leading to
hypermethylation of CpG islands,
accumulation of cyclin-D that causes cell
cycle arrest
Metabolism ALPL 4 - All Metabolism
ALPP 7 2g37.1 Al Metabolism
ALPPL2 4 - All Metabolism
CHKA 3 11913.1 Cytoskeleton, cytosol Synthesis of phosphatidylcholine
GGT1 20 - All Metabolism
NAT2 5 8p22 Cytosol Deactivate arylamine and hydrazine drugs
and carcinogens, also N-Acetyltransferase
PTGS2 2 1925 ER, nucleus COX, prostaglandin biosynthesis
Apoptosis MCLA 3 1g21 Mitochondrion, cytosol, Nucleus Encodes anti-apoptotic protein (BCL-2)
PIK3CA 3 3036.3 Cell membrane, cytosol Oncogene ATP to phosphorylate Ptdins
TERT 3 5p15.33 Nucleus Maintains length of telomeres

HCC-CC, hepatocellular carcinoma-cholangiocarcinoma; ECM, extracellular membrane; ER, endoplasmic reticulum; MMP, matrix
metalloproteinase; GTPase, guanyl triphosphatase; COX, cyclo-oxygenase; BCL-2, B-cell ymphoma 2; ATP, adenosine tri-phosphate.
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genes vital to the prognosis and pathogenesis of multiple
malignancies, as well as non-neoplastic liver diseases (30-33).
A similar concept has been employed in the setting
of HCC-CC in a recent abstract analyzed the genetic
composition of 15 pathologic specimens of HCC-CC (34).
These investigators descriptively identified genetic markers
present in their specimens and compared them with HCC,
CC and HCC-CC information.

Our study identifies KRAS, MET, PIK3CA and TP53
as potential biomarkers for HCC-CC. Each of these genes
is involved in Ras-signaling, a process vital to oncogenesis.
MET factor and HGF encode tyrosine kinases, which allow
for further cell signaling from the ECM into the cytoplasm.
Furthermore, these gene products also interact with PI3K,
which via signaling cascades also activates Ras. Both MET
and PIK3CA have been evaluated in prior study to help
determine prognostic and chemotherapeutic information
in non-small cell lung cancer, breast, gastric, among
other cancers (35,36). The MET-HGF complex has been
evaluated previously in HCC, CC and HCC-CC, the latter
via a small study of 30 pathologic specimens (37). This
study demonstrated excess expression of c-met solely in the
CC portion of combined HCC-CC.

A similar specificity for the CC portion of biphenotypic
HCC-CC has also been described in the literature with
regard to KRAS (9,38). The KRAS oncogene has previously
been suggested as a clinical biomarker for a variety of
abdominal neoplasms, including HCC-CC (34,38). Cancers
other than HCC-CC associated with differential expression
of KRAS, include colorectal and pancreatic cancer. In colon
cancer, KRAS expression has been shown to provide useful
information regarding treatment strategies (39).

Biomarkers previously associated with HCC-CC were
confirmed in this study and included: AFP, CEA, GGT1,
cytokeratin, mucin and metalloproteinase genes (7-10,12-15,19).
Among these biomarkers, GGT, AFP, and CEA have been
non-specific in the setting of HCC-CC (25). In contrast,
cytokeratin, mucin production, and metalloproteinase
molecules appear to be valuable to the diagnosis and
prognosis of HCC-CC (7-10,12-15,19,25). Specifically,
they appear to be useful in differentiating between classical
and stem cell subtypes of HCC-CC. Such determinations
can be facilitated utilizing cytokeratin signaling biomarkers
(7-10,12-15,19,25). These serologic markers also appear to
be useful in colorectal and breast neoplasms, with similar
application (40).

The overlap between HCC-CC and HCC'’s pathologic
subtypes was determined in our analysis to range between
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0-24%, while CC subtypes demonstrated an overlap of
2-78%. Given the significantly larger genetic overlap
between the subtypes of CC and HCC-CC, it would
appear that HCC-CC is more likely a pathologic subtype
of CC with features of HCC. Recently, overall survival
for HCC and HCC-CC (41,42) has been assessed using
the Surveillance, Epidemiology, and End Results (SEER)
database. HCC-CC demonstrated an overall 1-, 3-, and
S-year survival rates of 26.5%, 12.4% and 9.2% (43).
Additional analysis evaluating post-transplant prognosis
documented a survival rate of 46% for HCC-CC
as compared with 78% survival for HCC (44). When
reviewing these results with prior studies of survival results
for HCC and CC, the survival percentiles of HCC-CC
are more consistent with CC (41-45). For CC, the survival
after transplantation has been estimated at 22-42% of CC
and 0-18% for CC without transplantation. The prognostic
comparison and genetic overlap with CC suggests a shared
pathogenesis for HCC-CC and CC.

Novel serologic markers identified in our analysis involve
pathogenic roles in embryonic development, apoptosis
and metabolism. The first of these unique genes, GPC3,
codes for a cell surface heparin sulfate proteoglycan.
This molecule inhibits the dipeptidyl peptidase activity
of dipeptidyl peptidase-4 (DPP4), vital in apoptosis
and growth regulation of several tissues. This gene has
previously been utilized as a serologic marker for prognosis
of HCC after curative resection (46). Down-regulation of
this gene is correlated with uncontrolled cellular growth.
Expression of this gene in the setting of HCC-CC has yet
to be evaluated.

Our biomarker analysis also identifies were two genes
involved in cellular metabolism. Choline kinase alpha
(CHKA), encodes for enzymes that regulate the synthesis
of phosphatidylcholine. The second gene, PTGS2, in
combination with CHKA, is an additional metabolic target
regulating biosynthesis of cyclo-oxygenase 2 (COX-2). The
COX-2 enzyme is involved in inflammation and mitogenesis
and has been implicated as a serologic marker for predicting
the prognosis of prostate, breast and several other malignant
conditions (47). Other biomarkers that may be valuable in
obtaining prognostic information include two apoptosis
genes, MCL1 and telomerase reverse transcriptase (I'ERT).

Over expression of telomerase reverse transcriptase
(TERT) leads to cessation of telomere shortening, hence
being associated with oncogenesis. Another apoptotic gene
MCLI1, encodes for an anti-apoptotic protein, which is
a member of the Bel-2 family. Alternate splicing of this
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protein leads to isoform1, which inhibits apoptosis directly.
Both molecules appear to be useful in early detection of
various malignancies, including HCC (48).

N-acetyltransferase 2 (NAT2) is also identified in our
analysis. NAT?2 has been implicated in the activation/
inactivation of medications, as well as carcinogens.
Subsequently, NAT2 may serve as a biomarker to predict
the risk for drug induced liver injury (49). In prior studies
of CC, genetic polymorphisms and upregulation of NAT?2
have correlated with risk for CC (50). Such findings can be
correlated with those listed above for KRAS and MET.

The culmination of the above genetic analysis
demonstrates the utility of GeneCards in the analysis of
low frequency malignancies such as HCC-CC. Not only
did this genetic analysis confirm previously documented
serologic markers for HCC-CC, it identifies several unique
molecular targets, which may be useful in studies evaluating
the pathogenesis, diagnosis, and prognosis of HCC-CC.
It has also illuminated the similarity of HCC-CC with the
pathologic subtypes of CC as compared to HCC. This
genetic compendium also permits the creation of a map
outlining relationships between several of these genes which
may allow a better understanding of the pathogenesis of this
rare primary neoplasm.

Despite these findings, potential weaknesses of this study
include the retrospective evaluation of data collected from
small numbers of patients. However utilizing a vast database,
such as GeneCards®, The Human Gene Compendium,
allows for an expanded evaluation of a rare disease. This
approach has been validated in the past in similar neoplasms
as well as more common liver disease. The ability to analyze
a complex series of genetic components, which would be
otherwise time and labor intensive, is an added benefit of
this approach.

Although several novel cellular components and pathways
have been identified as potential biomarkers for HCC-CC,
the utility of each of these components or the combination
of these biomarkers in clinical diagnosis and prognosis
have yet to be determined. Nonetheless, employing large
relational genetic databases such as GeneCards for an initial
analysis will permit more focused investigation into the
utility of biomarkers as well as guide studies of pathogenesis
and future therapies.
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