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ABSTRACT

To search for genes related to hepatocarcinogenesis, the differential
display technique for eukaryotic mRNA was conducted. We have cloned
a gene that encodes the CD24 protein from the eDNA library of human
hepatocellular carcinoma (11CC). A single 2.1-kb mRNA was identified in
HCC specimens and the HuH-7 HCC cell line but only rarely in small
amounts In nontumor livers. In 79 unicentric HCC, CD24 mRNA was
overexpressed In 52 cases (66%), found in trace amounts in 11, and not
detectable in 16 (20%). In 12 cases ofmulticentric HCC, CD24 mRNA was
overexpressed in 21 (68%) of 31 tumor nodules and was helpful for the
determination of tumor clonal origin. There was an increased frequency of
CD24 mRNA overexpression In patients younger than 50 years with HCC
(86%versus59%,P<0.025),inserumhepatitisBsurfaceantigen-positive
individuals(74% versus48%, P < 0.023),in those with an elevatedserum
a-fetoprotein level (82% versus 56%, P < 0.04), and in HCC with a-feto
protein mRNA expression (82% versus 56%, P < 0.04). There was a strong
correlation of CD24 mRNA overexpression with p53 gene mutation in
HCC (91% versus46%, P < 0.0005) and poorly differentiated HCC (82%
versus 53%, P < 0.008). Despite its correlation with p53 mutation and the

unfavorable outcome of HCC with p53 mutation, the CD24 mRNA ex
pression did not correlate with tumor size, tumor invasiveness, or pa
tient's prognosis. Thus, the CD24 gene expression appears to be a common
event in HCC and may serve as an early but not prognostic biomarker for
malignant transformation of hepatocytes.

INTRODUCTION

HCC3 is one of the most common cancers in Asia and Africa (1)
and has been linked to chronic hepatitis B virus infection (2). Despite
enormous efforts, the mechanism of human hepatocarcinogenesis
remains largely unknown. During the multistep carcinogenesis of
human cancers, multiple genetic abnormalities accumulate. These
include activation of oncogenes and genes related to cell growth and
inactivation of tumor suppressor genes (3, 4). These critical genes are
differentially expressed in tumor and nontumor tissues and can be
detected by a variety of techniques. The differential display of eu
karyotic mRNA technique first described by Liang and Pardee (5) has
been proved to be one of the most powerful methods (6). To better
understand the nature of human hepatocarcinogenesis, we used this
sensitive technique to study the genes that were differentially ex
pressed in human HCC. Among the first series of genes identified and
cloned, we found that CD24 gene was often overexpressed in HCC
cells.

The human CD24 antigen is a glycoprotein composed of a short
peptide core of only 31 to 35 amino acids with a very high carbohy
drate content (7). The antigen is present on the cell membrane of
immature B cells (8, 9) and can modulate the cellular response to

Received 5/4/95; accepted 8/15/95.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18U.S.C.Section1734solelyto indicatethisfact.

I This work was supported in part by grants from the National Science Council of the

Republic of China (NSC83â€”0419-B-002â€”316).
2 To whom requests for reprints should be addressed.

3 The abbreviations used are: HCC, hepatocellular carcinoma; GPI, glycosyl phos

phatidylinositol; HBsAg, hepatitis B surface antigen; AFP, a-fetoprotein.

signal activation (10, 11). The CD24 gene changes in expression
during the maturation process of B cells and is not detected on plasma
cells (1 1). The CD24 cDNA has been cloned on the basis of its genetic
similarity to the murine heat-stable antigen (12), but the cDNA
sequence is incomplete. The mature peptide backbone of CD24 is only
about 3 kDa (13) and is extensively N- and O-glycosylated. This leads
protein to an apparent molecular mass of 35â€”70kDa on SDS-PAGE
(7). The CD24 protein is anchored on the plasma membrane via a GPI

tail (7, 12, 14), which is added to the protein following cleavage of
signal peptide and GPI-displaced tail (12, 15). GPI is complexed to
protein tyrosine kinases, and cross-linking of CD24 may lead to
tyrosine phosphorylation of several cellular proteins (16).

In addition to B cells, CD24 is also known to be a developmentally
regulatedantigenin kidney(17, 18), in developingbrain(13), andin
human regenerating muscle (19) and may serve as a cell adhesion
molecule (20). Recently, CD24 has been shown to be constantly
expressed in Wilms' tumor (17), small cell lung carcinomas (21), and
in nasopharyngeal carcinoma cells (22), but little is known of its
biological significance in human cancers. In this study, we first
reported the full-length CD24 cDNA sequence cloned from human
HCC. And CD24 mRNA overexpression was common in HCC cells
that correlated p53 mutation and tumor differentiation.

MATERIALS AND METHODS

Subjects. From 1986 to 1992, 320 patients from National Taiwan Univer
sity Hospital with resected, pathologically proved, primary HCC were enrolled

in the study. For differential display analysis, we selected 20 paired tumor and
nontumor liver RNA samples in which the p.53 gene had been completely
sequenced (23). To elucidate the biological significance of any gene cloned,
we randomly selected 79 HCC patients (64 men and 15 women; from 14 to 80
years) for further study based on the previously described follow-up criteria
(23). HBsAg was detected in 54 patients (68.4%), and 4 were also positive for
anti-HCV. In the other 25 HBsAg-seronegative cases, 13 were positive for
anti-HCV, 3 were negative, and 9 were not examined. Tumor size was equal

or smaller than 5 cm (small HCC) in 42 patients and larger than 5 cm (large

HCC) in 37. Another 12 cases with multicentric HCC were also studied.
Histological Study. The tumor differentiation was classified according to

Edmondson (24), with slight modification (25, 26), into two groups: well
differentiated HCC (grades I and II); and poorly-differentiated HCC (grades III
and IV). According to tumor invasiveness, HCC was divided into noninvasive
and invasive HCC (27, 28).

Differential Display. Total cellular RNA was extracted from 0.2â€”1g of
paired tumor and nontumor livers as described previously (29). Modified
differential display was performed as described (5, 30). Briefly, 2 pg RNA
were reverse-transcribedwith 300 units of MMLV reverse transcriptase (BRL,
Bethesda, MD) in the presence of 2.5 p.M of TI1CA (5'- lTl'l'iFl'lTi ICA

3') asanchoredprimer, 20 ,xMdeoxynucleotidetriphosphate,10 mM DTT, and
reverse transcription buffer for 60 mm at 35Â°C. PCR was performed in solution

containing 0.1 volume of reverse transcription reaction mixture, 2.5 @M
Ti 1CA, 0.5 @.LMrandom primer (5'-CTACATGGGA-3'), 1X PCR buffer, 2
@LMeach dGTP, dTFP, and dCTP, 10 @Ci [a-35S]dATP, and 1 unit DNA

polymerase. The PCR procedure was performed for 40 cycles at 94Â°C for 30

5, 37Â°C for 1 mm, 72Â°C for 30 s, and finally 5 mm for elongation at 72Â°C. After

adding loading buffer to the reaction, the PCR products were heated at 70Â°C
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for 10 mm and then loaded on 6% polyacrylamide sequencing gels for
electrophoresis. The gels were exposed to Kodak XAR-5 film for 48 h.

Band Recovery, Amplification, Cloning, and Sequencing. Bandsshow
ing differential expression were cut out from the dried gel, and the cDNA was

eluted by boiling in 40 p1 H,O for 10 mm. The cDNA was recovered by

ethanol precipitation in the presence of 0.3 M NaOAC and 5 pA 10 mg/mI
glycogen as carrier and redissolved in 10 pA of H2O. Four p.1of eluted cDNA
were reamplified in a reaction volume of 50 pJ for 40 cycles under the same

condition as described, but deoxynucleotide triphosphate concentration was 20

@LM,and no radioisotope was used. Reamplified PCR product was cloned into

pCR-Script SK(+) vector (Stratagene, La Jolla, CA). The insert was sequenced
on both strands with T3 and T7 primers by using SequiTherm cycle sequencing
kit (Epicentre Technologies, Madison, WI).

Northern Blot Analysis. Northern hybridization was carried out as de

scribed (31). The isolated clone from differential display was amplified by

PCR incorporatedwith [a-32P]dCFPin the presence of 2.5 p@MTi 1CA,0.5 p@M
5'-CTACATGGGA-3', 1 X PCR buffer, i unit DNA polymerase, and 150 @M

dGTP, dATP, and dTTP. The PCR product was used as a probe for Northern
blot analysis and cDNA screening. The intensity of the positive signal in

Northern blot analysis was graded as â€”, trace, and + 1 to +5.
eDNA Construction and Screening. Poly(A)@mRNA was selected from

HCC by Oligotex-dT (Qiagen, Chatworth, Germany). Double-stranded cDNA
was synthesized and cloned into Uni-ZAP XR vector using ZAP-cDNA
synthesis kit (Stratagene). Approximately 2 X 106 phages were screened.

Phage DNA was blotted onto Hybond-N nylon membrane (Amersham, Buck
inghamshire, England), hybridized, and washed under a standard stringent

condition. Positive plaques were selected for in vivo excision to generate the

pBluescript phagemid from Uni-ZAP vector following the manufacturer's
recommendation. Insert was sequenced with T3 and T7 primers.

Statistics. Statisticalanalysis was performedby Fisher's exact test. The
overall survival among all patients was estimated with the method of Kaplan
and Meier, and differences between the curves were tested using a statistical
package (BMDP Statistical Software, Inc., Los Angeles, CA). P < 0.05 was

considered significant.

RESULTS

Differential Display and Northern Blot Analysis. On the differ
ential display of mRNA in paired tumor and nontumor livers, each
primer set revealed 100â€”200bands on the polyacrylamide gel. As
shown in Fig. 1, three candidate bands, which were preferentially
overexpressed in HCC specimens, were eluted, amplified, and se
quenced. Among them, clone 236, which had a sequence 80% iden
tical to part of the mouse CD24 cDNA (Fig. 2) and could hybridize a
2.1-kb mRNA in total cellular RNA from HCC, was selected for
further analysis (Fig. 3).
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Fig. 2. Nucleotide sequence of the clone 236. Numbering indicates the sequence of the
clone 236 (boldface) and murine CD24 cDNA. The sequence of the clone 236 is 79.9%
identity in the 187-bp overlap with the eDNA sequence of murine CD24.

@:[@T Tt;T;T@:Th
Fig. 3. Northern blot analysis of CD24 mRNA in six representative HCC. The CD24

mRNA is overexpressed in HCC (H) with one exception (case 5) but is trace or
undetectable in nontumor livers (L). The HuH7 HCC cell line also expresses CD24
mRNA. The 285 ribosomal RNA is internal control for RNA loading.

1812 cccgaagtct tttgtttgta tggtcacaca ctgatgctta gatgttccag

1862 taatctaata tggccacagt agtcttgatg accaaagtcc tttttttcca

1912 tctttagaaa aCTACAT000 AACAAACAGA TCGAACAGTT TTGAAGCThC

1 962 TGTGTGTGTG AATGAACACT CTTGCTrTAT TCCAGAATGC TGTACATCTA

2 0 12 TITrGGATrG TATA@1'GTGG @TGTGTA@Tr ACGCTI'TGAT TCATAGTAAC

2 062 @CTTATGGAATI'GATTrGC ATI'GAACGAC AAACTGTAAA TAAAAAGAAA

2 112 CGGTGAAAAA AAAAA

Fig. 4. The additional 3-flanking sequence of CD24 cDNA cloned from the HCC
cDNA library. Numbering indicates the 3' end of CD24 cDNA sequence from 1812 to
2127 bp. The primers used in the differential display are underlined. Capital letters, the
sequence of clone 236. Polyadenylation signal is indicated by boldface. The nucleotide
sequence has been submitted to GenBank (accession no. L33930).

Sequence of Human CD24 cDNA from HCC. HCC cDNA li
brary was screened with the clone 236 as a probe. A 2127-bp clone
was isolated and sequenced. The 181 1 bp in the 5' end had 100%
identity with human CD24 cDNA. However, the new CD24 clone had
additional 306 bp containing polyadenylation signal at the 3' region
where clone 236 located (Fig. 4). The nucleotide sequence of the 3'
region has been submitted to GenBank (accession no. L33930).

Detection of CD24 mRNA in HCC, Normal Liver, and HCC
Cell Lines. A 2.1-kb mRNA band was detected by Northern hybrid
ization in HCC specimens and the HuH7 HCC cell line but infre
quently in the nontumor liver (Fig. 3). Among 79 unicentric HCC

case
1 2 3 4 5 6

HuH7H I H I HL HI H I HI

18S-?@ â€¢ ..@ S

CASE A B C D E

F@ Iâ€”@ I1@1I

H1H2 LHLH1H2 LHLH1H2 L

Fig. 1. Differential display of total cellular RNA from five representative paired tumor
(H) and nontumor livers (L). Arrowhead, three candidate cDNA tags that appear to be
differentially expressed.
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Table 1 Correlation of CD24RNA expression in 79 prima
clinical featuresrv

unifocal HCCwithFeaturesâ€•CD24

mRNA
overexpression +(%)PAge

(yrs)
@50 n=21

>50 n = 5818(86) 34(59)<0.025HBsAg

+ n=54

â€” n = 2540(74) 12(48)<0.023Serum

AFP level (ng/ml)
320 n=39

<320 n = 4030(77) 22(55)<t).()4AFP

mRNA in HCC
+ n=27

â€” n = 3422(82)19(56)<0.()4p53

mutation in HCC
+ n=23

â€” n = 3721(91) 17(46)<0(1005Tumor

size
@5cm n = 42

>5 cm n = 3726(62) 26 (70)NotsignificantTumor

grade
Iâ€”Il n=45
IIlâ€”IV n = 3424(53) 28 (82)<0(108
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transcripts reported in small lung cell carcinomas (21), in bone mar
row cells, and in a neuroblastoma cell line (12). In contrast, a weak
4.8-kb band was detected in some of nontumor livers but not in HCC.
This is likely because CD24 might be a multigene family (33). The
CD24 mRNA was overexpressed in 52 (66%) of 79 unicentric HCC
and in 21 (68%) of 31 tumor nodules taken from 12 patients with
multicentric HCC. The mechanism for CD24 mRNA overexpression
is not clear, but it is not related to DNA amplification and demethy
lation (data not shown). Our findings suggest that CD24 mRNA
overexpression is a common event in human HCC and may play an
important role in hepatocarcinogenesis. Thus far, the expression of
CD24 on human HCC and HCC cell lines has not been reported in the
literature. The differential expression of CD24 mRNA among the
tumors in multicentric HCC may help to determine the clonal origin
of the tumors.

The CD24 gene is expressed in a variety of developing or precursor
cells in which a loss of CD24 expression precedes differentiation (1 1).
These include lymphoid/myeloid cells (34, 35), brain (13, 18, 36, 37),
kidney (38), and human regenerating muscle (19). The CD24 mRNA
is overexpressed in human HCC, neuroblastomas (12), Wilms' tumors
(17), small cell lung carcinomas (21), and nasopharyngeal carcinomas
(22). This suggests that CD24 may serve as an oncodevelopmental

tumor biomarker in a wider variety of human cancers than perceived
previously and warrants more extensive study to clarify its role in the
pathogenesis of human cancers. In this study, CD24 mRNA was
overexpressed more often in poorly differentiated HCC (82% versus
53%, P < 0.008), and there was a positive correlation of CD24 mRNA
expression with AFP mRNA (82% versus 56%, P < 0,04). These
findings confirm our observation that AFP mRNA expression in HCC
is associated with poor tumor differentiation (31). The p53 mutation
in HCC was strongly associated with CD24 mRNA overexpression
(91% versus 46%, P < 0.0005), and invasive small HCC with p53
mutation had a more unfavorable outcome (1-year survival; 50%
versus 92%, P < 0.03). This confirms our observation that p53 gene
mutation is associated with tumor progression of HCC (23, 26). In

CASE1 2 3
H L H L H L

specimens, 52 cases (66%) had increased CD24 mRNA, while 11
cases had trace amount and 16 cases were negative. On prolonged
exposure, a weak 4.8-kb band was detected in some of the nontumor
livers but not in HCC (Fig. 5).

Correlation of CD24 mRNA Expression with Clinical and
Histopathological Features in Unicentric HCC. The overexpres
sion of CD24 mRNA in HCC was more commonly encountered in
patients younger than 50 years (86% versus 59%, P < 0.025), in
HBsAg-seropositive individuals (74% versus 48%, P < 0.023), and in
those with elevated serum AFP level above 320 ng/ml (77% versus
55%, P < 0.04; Table 1).

The poorly differentiated HCC had a higher frequency of CD24
mRNA overexpression than well-differentiated HCC (82% versus
53%, P < 0.008; Table 1). The expression of CD24 mRNA did not
correlate with tumor size and tumor invasiveness (Table 1).

Correlation of CD24 mRNA Expression with AFP Gene Ex
pression and p53 Gene Mutation in HCC and Patient Outcome.
HCC with p53 gene mutations was strongly associated with CD24
overexpression (91% versus 46%, P < 0.0005; Table 1). HCC ex
pressing AFP mRNA also had a higher frequency of CD24 mRNA
overexpression (82% versus 56%, P < 0.04).

Among invasive small HCC, the 1-year survival was lower in those
with p53 gene mutation (50% or 4 of 8) than those without (92% or
12 of 13), while the CD24 mRNA expression did not correlate with
patient prognosis.

Differential Expression of CD24 mRNA in Multicentric HCC.
Among 12 cases of multicentric HCC (32), 31 tumor nodules were
examined. A differential expression of CD24 mRNA was detected
among the different tumor nodules of the same individuals in seven
cases (Table 2). The CD24 mRNA expression did not correlate with
size of the tumor nodules.

DISCUSSION

Using differential display for eukaryotic mRNA by PCR (5), we
had successfully cloned a full-length cDNA encoding CD24 in human
HCC. The new CD24 clone was 306 bp longer than that reported
previously (12) and had the polyadenylation signal at the 3' region.
The CD24 mRNA appeared as a single transcript of 2.1 kb in HCC

specimens and the HuH-7 HCC cell line. We did not detect small

28S-

Fig. 5. Expression of CD24 mRNA in three representative paired hepatocellular
carcinomas. The 2.1-kb CD24 mRNA (lower arrow) is overexpressed in tumor liver (H)
compared with normal liver (L). A longer mRNA (upper arrow) is detected in normal
livers. The amount of RNA loaded is equal.

Tumor invasion
+ n=62 43(69)

_:_ n = 17@ Not significant

a@ positive;â€”,negative;n, numberof cases;gradesIâ€”Il,well-differentiatedHCC;
grades IIIâ€”IV,poorly differentiated HCC.
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Table 2 CD24 mRNA expression in multicenlric HCC

Caseno.123456789III1112No.of
tumors224232233323â€¢n*+S-*+4&+2+

1*t"+4f-Â¿t*-d-CD24

mRNAT2_+2+3'+1+4**+2"*_+3'+2'-Ia+4expression"T3

T4+3

+3+2*+3"+4'+1+1Tl_NDND_+__+_NDAFP

mRNA'T2

T3T4_ND+

++ND+

ND_+-+

ND-ND

ND
" Intensity of CD24 mRNA expression: -, negative; t, trace; +1 to +5, intensity of positive signal.
'' Individual tumor nodule is indicated as Tl to T4.
' AFP mRNA expression in HCC: +, positive; -, negative; ND, not examined.

p53 gene not mutated.
' p53 gene mutated.

contrast, the CD24 mRNA expression did not correlate with tumor
size, tumor invasiveness, and patient outcome. CD24 gene overex-

pression may serve as a potential early tumor biomarker, while p53
mutation is an unfavorable molecular prognostic marker for HCC. The
mechanisms for the correlation of CD24 expression with p53 mutation
are unknown. However, we found that p53 mutation in HCC was
associated with aberrant mRNA expressions of several cellular genes
in human HCC. These include mRNA overexpression of transcrip-
tional factor E2F-1 and cyclins A and E4 and suppressed dehydroepi-
androsterone sulfotransferase mRNA expression.5 We speculate that

the overexpression of CD24 may be part of this spectrum of dysfunc
tion of cellular genes in relation to the deregulation of cell growth
control due to the loss of wild-type p53 function. Further studies will

be necessary to identify the promoter sequence and DNA binding
proteins for the CD24 gene to clarify its function. Studies are also
needed to delineate precisely the temporal expression of CD24 during
tumor growth and the potential for early detection of HCC. In this
study of 31 tumor nodules taken from 12 cases with multicentric
HCC, we observed a differential expression of CD24 mRNA among
the different tumor nodules of the same individual in seven cases
(58%). These findings suggest that CD24 mRNA expression in com
bination with AFP mRNA expression, p53 gene mutation, and hepa
titis B virus DNA integration pattern may be helpful for the determi
nation of clonal origin in multicentric HCC (31, 32).
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