CD24 Polymorphisms Affect Risk and Progression of
Chronic Hepatitis B Virus Infection
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T-cell immunity to hepatitis B virus (HBV) is involved in both viral clearance and the
pathogenesis of cirrhosis and hepatocellular carcinoma following chronic HBV infec-
tion. It is therefore of great interest to analyze whether genetic polymorphism of genes
involved in the immune response may determine the outcomes of chronic HBV infec-
tion. Here we report that CD24 polymorphisms affect the risk and progression of
chronic HBV infection. Thus the CD24 P1707 allele, which is expressed at a higher level,
is associated with an increased risk of chronic HBV infection. Among the chronic HBV
patients this allele shows recessive association with more rapid progression to liver
cirrhosis and hepatocellular carcinoma in comparison to the P170€ allele. In contrast, a
dinucleotide deletion at position 1527-1528 (P1527%/), which reduces CD24 expres-
sion, is associated with a significantly reduced risk of chronic HBV infection. To confirm
the role for CD24 in liver carcinogenesis, we compared the size of liver tumor developed
in CD247/~ and CD24%/~ HBV transgenic mice. Our data demonstrate that targeted
mutation of CD24 drastically reduced the sizes of spontaneous liver cancer in the HBV
transgenic mice. Conclusion: These data demonstrate that genetic variation of CD24
may be an important determinant for the outcome of chronic HBV infection.

(HEPATOLOGY 2009;50:735-742.)
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n estimated 350 to 400 million individuals world-

wide are infected with hepatitis B virus (HBV).

Whereas around 90% of the HBV-infected develop
acute infection followed by viral clearance, 5%-10% develop
chronic infection.’ Chronic HBV infection has become a
major public health challenge as it is not responsive to HBV
vaccine. Many patients with chronic HBV infection will
eventually progress into liver cirrhosis (LC) and hepatocellu-
lar carcinoma (HCC).47 Although individual variations in
the consequences of HBV are well documented, and genetic
factors play a critical role, very few genes that affect the risk
and progression of chronic HBV infection have been docu-
mented.?

T-cell-mediated immunity plays an intriguing role in
chronic HBV infection. On the one hand, an effective
immune response is known to be responsible for viral
clearance and thereby preventing chronic infection.” On
the other hand, elegant studies in animal models of HBV
transgenic mice demonstrated that T-cell-mediated
chronic inflammation is required for the development of
HCC in the HBV transgenic mice.!®!! Therefore, it is
logical that genes that regulate local inflammation may be
involved in the risk and progression of chronic HBV in-
fection.
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CD24 is a glycosylphosphatidylinositol (GPI)-an-
chored cell surface protein with expression in a variety of
cell types, including activated T cells,'>13 B cells,'# mac-
rophages,'> and dendritic cells.’® Using mice with a tar-
geted mutation of CD24, we reported that in lymphoid
organs of an immune-competent host, CD24 on antigen-
presenting cell (APC) mediates a costimulatory pathway
for both CD4 and CD8 T-cell response that is essential, if
and only if, the CD28 gene is also absent.'+!* However,
CD24 expression in the target organ, such as the central
nervous system, is necessary for the chronic inflammation
induced by autoreactive T cells.2? Because HBV is a non-
cytopathic and hepatotropic virus, genes that regulate the
local immune response may be of particular significance
in the pathogenesis. It is therefore of great interest to
determine whether the costimulatory molecule that is es-
sential in the nonlymphoid organs, such as CD24, affect
the risk and progression of chronic HBV infection. More
recently, we demonstrated that the CD24-Siglec 10 path-
way selectively inhibits innate host immunity to tissue
injury, but not to molecular patterns associated with
pathogens.?!

Human CD24 messenger RNA (mRNA) has a 0.24-kb
open-reading frame (ORF) and a 1.8 kb 3'-untranslated re-
gion (UTR). A C>T single-nucleotide polymorphism
(SNP) at position 170 from the CD24 translation start site
(P170) in the CD24 putative cleavage site for the GPI an-
chor (—1 position) results in a nonconservative replacement
of an amino acid from alanine (A) to valine (V).22 The
P1707T genotype expressed higher cell-surface CD24 than
the P17097 or P1709C genotypes, which had an increased
risk and more rapid progression of multiple sclerosis (MS).?
Another SNP, a dinucleotide deletion in 3'"UTR, strongly
associates with protection of both MS and systemic lupus
erythematosus (SLE) because the deletion drastically re-
duced the stability of the CD24 mRINA.?# These data raised
the possibility that genetic variations in CD24 may affect the
risk and outcome of autoimmune diseases. Meanwhile, ac-
cumulating evidence suggests that the level of CD24 expres-
sion may serve as an important prognosis marker for
cancer.?>%7

Given the importance of CD24 in the development
and progression of autoimmune diseases and cancer, and
given the essential role of chronic inflammation in HBV-
associated LC or HCC development, we tested the hy-
pothesis that CD24 polymorphisms may affect the risk
and progression of chronic HBV infection. Our studies
involving 609 HBV patients with chronic HBV infection
supports this notion. To directly demonstrate a role for
CD24 in the development of liver cancer, we compared
CD24"/~ and CD24~/~ HBV transgenic mice. Our data
demonstrated that targeted mutation of the CD24 gene
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dramatically reduced the size of HCC in 14-month-old
mice. Taken together, our data revealed a critical role for
CD24 in the pathogenesis of HBV infection.

Patients and Methods

For description of patients and methods used, see Sup-
porting Information online.

Results

CD24 Polymorphisms Associated with Risk for
Chronic HBV Infection. Our previous studies have re-
vealed two SNPs that significantly affect the risk and pro-
gression of autoimmune diseases (P170 C/T-rs8734;
P1527 TG/del-rs3838646).2324 To address whether
these two SNPs influence the disease progression of the
chronic HBV patients, we used the PCR-based RFLP
polymerase chain reaction-restriction fragment length
polymorphism) to genotype these two polymorphic sites
in chronic HBV patients and healthy controls. As shown
in Fig. 1, the CD24 genotypes can be distinguished by
digesting the PCR products of CD24 with BszXI for
P170, Bsil for P1527. The P1709C or P15274/ prod-
ucts were completely resistant to the digestion, whereas
the P17077 or P15277¢T¢ products cleaved into two
fragments of 275 basepairs (bp) and 129 bp for P170, and
645 bp and 202 bp for P1527. Partial digestion of 50% or
less indicated the P17097 or P152779%4! genotype. The
validity of the PCR-RFLP analysis was confirmed by di-
rect sequencing of several PCR samples with each geno-
type.

We analyzed 609 samples of chronic HBV patients and
383 normal controls for the distribution of CD24 geno-
types. The P1527 genotyping was unsuccessful in 16 sam-
ples of chronic HBV patients. The frequencies of the
CD24 alleles among our control population was similar
to Caucasian, as we have reported previously?>24 (Sup-
porting Table 1). Moreover, the genotype distributions of
P170 and P1527 in the chronic HBV patients and con-
trols did not deviate from Hardy-Weinberg equilibrium.
These analyses confirmed the validity of genotyping. We
therefore compared the distributions of the genotypes be-
tween normal controls and chronic HBV patients by the
X’ test.

As shown in Table 1, the distribution of P170 geno-
types among the chronic HBV patients significantly dif-
fered from that of the healthy controls, assuming a
recessive model of genetic effect for P1707 allele (sex-
adjusted odds ratio [OR] = 1.65; 95% confidence inter-
val [CI] = 1.05-2.62, P = 0.031). The overpresentation
of the P17077 genotype suggests that more efficiently
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Fig. 1. Diagram of the CD24 gene and genotyping of 2 polymorphic sites by PCR-RFLP analysis. The upper panel shows the relative position of
the 3-UTR (gray box) and the two codon regions (white boxes). Intron 1 is represented as a separate line; however, the large intron 1 is not fully
represented in the figure. The relative position of each polymorphism found in the study is shown by a downward arrow. The position of the nested-PCR
products is also shown. The lower panel shows genotyping by PCR-RFLP analysis using BstX |, and Bsr | restriction enzymes for P170 and P1527,
respectively. The genotype of each pattern is indicated at the bottom of each lane. Numbers on the left side are the size of a standard DNA marker.

expressed CD24 allele may increase the risk of chronic
HBYV infection.

Conversely, we observed a reduced frequency of the
P1527%" allele among the chronic HBV patients (Table
2). The P1527% allele has a significant gene dosage effect
for the risk of chronic HBV infection (sex-adjusted OR,
0.67; 95% CI = 0.50-0.89, P = 0.000).

CD24 Polymorphism and Serum Viral Load. We
compared serum HBV-DNA load in the chronic HBV
patients of different CD24 genotypes. As shown in Fig.
2A, the P17077 patients had a higher viral load compared
with the P170%C or P1709 patients (P = 0.036). How-
ever, no significant difference was found in the viral load
between patients of different P1527 genotypes (Fig. 2B).

Table 1. CD24 P170 Genotype Frequencies for All Subjects
and OR Against Controls

Controls Cases

Genotype or Allele n (%) n (%) OR* (95% CI) P
cC 180 (47.0) 227 (45.5) 1.00
CcT 172 (44.9) 262 (43.0) 0.98(0.75-1.30) 0.904
T 31(8.1) 70 (11.5) 1.64 (1.02-2.65) 0.042
CT+CC (against TT) 1.65(1.05-2.62) 0.031
CC (against CT+TT) 0.93(0.71-1.21) 0.573
Gene dosage model

(multiplicative per

T allele) 1.16 (0.95-1.41) 0.155

Associations of CD24 Polymorphism with Progres-
sion of Chronic HBV Infection. Patients with chronic
HBYV infection often progress to LC and HCC. An
important issue is whether the CD24 polymorphism
affects the progression. Although the time of infection
cannot be accurately defined, the overwhelming major-
ity of the chronic HBV patients in China were infected
at birth.® Therefore, the age at which the patients de-
veloped either LC or HCC may provide a valuable
approximation of the progression of chronic hepatitis
B. We carried out Kaplan-Meier survival analysis to
determine whether the CD24 polymorphism affects

Table 2. CD24 P1527 Genotype Frequencies for All Subjects
and OR Against Controls*

Controls Cases

Genotype or Allele n (%) n (%) OR* (95% CI) P
TG/TG 286 (74.7) 477 (80.4) 1.00
TG/del 88 (23.0) 111 (18.7) 0.69 (0.50-0.96) 0.028
del/del 9(2.3) 5(0.8) 0.36 (0.11-1.10) 0.073
TG/del+TG/TG

(against del/del) 0.38 (0.12-1.19) 0.096
TG/TG (against TG/

del+del/del) 1.50 (1.10-2.06) 0.011
Gene dosage

model (multiplicative

per del allele) 0.67 (0.50-0.89) 0.006

*OR were adjusted by gender.

*OR were adjusted by gender.
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Fig. 2. Correlation of CD24 SNP genotypes with HBV DNA copies in serum of HBsAg-positive patients. (A) Patients with the P170"7 genotype
(Median, 1.41 X 108; Min~Max, 104~1.52 X 108) was associated with higher viral load compared with the P170%¢ (Median, 3.05 X 105;
Min~Max, 500~6.68 X 108) + P170%7 (Median, 3.81 X 105; Min~Max, 500~9.41 X 108) genotypes. (B) No significant difference was found
in viral load among patients with P1527 genotypes (P15277%76, Median, 3.91 X 105, Min~Max, 500~9.41 X 108; P15277¢/del+del/del Median,
3.69 X 10°, Min~=Max, 500~6.68 X 108). For the P1527, three genotypes were compared for difference in the mean by the Fisher least significant
difference (LSD) test. For the P1527 polymorphism the difference between individuals with del/del and TG/del genotype and TG/TG genotype was

analyzed by an independent-samples t test.

the progression of chronic HBV infection using LC
and HCC as endpoints. As shown in Fig. 3A, compar-
ison of the survival curve reveals that the P170 geno-
types had a significant impact on the progression (P =
0.017) (Fig. 3A). Pairwise comparisons further show
that P17077 patients progressed more rapidly toward
LC or HCC than both P170%7 patients (P = 0.007)
and P170% patients (P = 0.060). When the CT and
CC genotypes were compared with the TT genotypes,
it is clear that the impact of CD24 P170 affected the
disease progression by a T-recessive or C-dominant
fashion (P = 0.016). In all, 50% of the P17077 pa-
tients developed LC or HCC in 41-year-old (95%
CI = 39-43), whereas those with P170C and P170¢"
patients developed LC or HCC in 47-year-old (95%
CI = 45-49) and 49-year-old (95% CI = 46-52) pa-
tients. In addition, patients of P1527 76/l and

P170

A B

P15274/l genotypes were combined to compare with
the P15277¢7C genotype because of a low number of
cases of LC and HCC patients with the P15274//l3
However, as shown in Fig. 3B, no significant difference
was found in the patients having different genotypes in
the SNP of P1527 (P = 0.8369).

Expression of CD24 on Inflammatory Cells, But
Not on HCC Cells or Hepatocytes of LC Patients. To
determine expression of CD24 in HCC and LC patients,
frozen sections were first stained with anti-CD24 mAb
SN3 by immunohistochemistry. As shown in Fig. 4A,
expression of CD24 can be found in a high proportion of
inflammatory cells, but not in the hepatocytes. We fur-
ther used two color immunofluorescence microscopy to
identify the types of CD24-expressing inflammatory cells
in frozen sections of the HCC samples. As show in Fig.

4B, CD3™ T cell blasts expressed high levels of CD24,

P1527
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Fig. 4. Expression of CD24 on
inflammatory cells but not on hepa-
tocytes in HCC and LC patients. (A)
Immunohistochemistry  with  anti-
CD24 mAb. Graphs shown are rep-
resentative sections of frozen liver
samples from LC (top) and HCC
(bottom) patients; 40X images are
shown. (B-D) Two-color immunoflu-
orescence analysis of the inflamma-
tory cell types that express CD24.
Frozen sections of liver from HCC
patients were stained with rabbit an-
ti-CD24 polyclonal antibodies and
mouse mAbs specific for human
CD3 (B), CD11c (C), and CD19 (D).
The FITC-labeled goat antirabbit im-
munoglobulin (Ig) (absorbed to re-
move reactivity to human, goat,
donkey, and mouse Ig) and phyco-
erythrin (PE)-conjugated donkey an-
timouse Ig (absorbed to remove
reactivity to human, goat, and rabbit
Ig) were used as second-step
reagents.

IHC:CD24

although a significant proportion of T cells are CD24~
(data not shown). Likewise, the majority of CD11c* den-
dritic cells and CD19" B cells are CD24* (Fig. 4C,D).
Therefore, multiple inflammatory cell types expressed
CD24 in HCC tissues.

Targeted Mutation of CD24 Reduces the Size of
HCC in HBV Transgenic Mice. \We have previously
reported that CD24 polymorphisms were associated with
the expression levels of CD24. Because the CD24 P1707
allele is expressed at a higher level than the P170¢ allele??
and conferred more rapid progression to LC or HCC, it is
intriguing that higher CD24 levels may be a major risk
factor for HBV-infected liver. To confirm a role for
CD24 in the pathogenesis of HBV-expressing liver cells,
we bred the CD24-null allele into a line of transgenic
mice expressing S, pre-S, and X genes of HBV under the
control of albumin promoter and spontaneously develop-
ing HCC.?8 We compared the size of liver tumors of the
CD24"/~/HBV Tg mice and CD24~/~/HBV Tg litter-
mates at 14 months. Male mice were used for the study as
they developed tumors at a higher rate. As shown in Fig.
5A, the tumor nodules in CD24"/~/HBV Tg mice
were strikingly larger than those found in the livers of

CD24~/-/HBV Tg littermates. The mean largest volume
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2" B |F: cD24-FITC+CD3-PE

D IF: CD24-FITC+CD19-PE

of HCC per mouse was 5.5-fold greater in CD24/~/
HBV Tg mice than in CD24/~/HBV Tg littermates
(P = 0.045, Fig. 5B). When the volume of all tumors
from one mouse were combined, CD24*/~/HBV Tg
mice also showed significantly larger tumor volumes than
CD24~/-/HBV Tg littermates, and the total volume was
4.2-fold larger in CD24*'—/HBV Tg mice (P = 0.036,
Fig. 5C). Histology analysis (Fig. 5D) indicates that the
tumors in both CD24™/~ and CD24 ™/~ mice are malignant
HCC, characterized by large and heterogeneous nuclei, can-
cer cells with double nuclei (white arrow), as well as mitotic
cells (yellow arrow). These data indicate that CD24 gene
correlates with rapid cancer progression in the liver.

Discussion

Chronic HBV infection has been considered a multi-
factorial and polygenic disorder with viral, immunologi-
cal, and genetic components. In the present study we
examined the association between CD24 polymorphisms
and the risk and progression of chronic HBV infection.
Analysis of the distribution of the CD24 genotypes
among 609 HBV patients and 383 normal controls indi-
cated that the frequencies of the P1527 704 o P15274l/de!
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genotypes were significantly lower in the chronic HBV
infection group than in the normal controls. Thus, the
CD24 P15274! allele may be a protective genetic suscep-
tibility factor for HBV infection. Moreover, an increased
risk of chronic HBV infection was found in subjects with
the P17077 genotype compared with P17097 and
P170“¢ genotypes using a logistic regression model after
sex adjustment. In contrast, the frequency of the P17077
is significantly higher among the HBV patients in com-
parison to normal control. Given the fact that CD24
regulates local immune response, it is tempting to suggest
that the different risks reflect a consequence of host re-
sponse, although the possibility that the CD24 genotype
affect the risk of infection during the perinatal period or
early childhood cannot be ruled out.

In addition to an increased risk of chronic HBV infec-
tion, HBV patients with the P17077 genotype developed
LC and/or HCC at considerably younger age. Thus,
among the patients that have reached LC or HCC, 50%
of the CD2477 patients reached that milestone in 41
years, and CD24Y¢ and CD2497 patients did so in 47
and 49 years, respectively. Because chronic infection oc-
curs in ~90% of infants infected at birth, in 25%-50% of
children infected between the ages of 1 and 5 years, and in
less than 5% of those infected during adult life,? there is
a high likelihood that the earlier onsets reflects faster pro-
gression from chronic HBV infection. More rapid pro-
gression in the CD2477 patients suggests that more
aggressive treatment may be warranted in this group of
patients. However, we found no association between
P1527 and the progression of chronic HBV infection.
Although the underlying reason for the differential im-
pact of the two SNPs remains unclear, it is of interest to

CD247HBV Tg
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Fig. 5. (A) Liver of 14-month-old
HBV transgenic male mice. (B) Sizes
(mm3) of largest tumor in livers of
male CD24*/~/HBV Tg mice (n =
20) and CD24~/~/HBV Tg litter-
mates (n = 14) 14 months. (C)
Total tumor sizes in livers of male
CD24%/=/HBV Tg mice (n = 20)
and CD24~/~/HBV Tg littermates
(n = 14) 14 months. After logsg
transformation, the tumor sizes
show normal distributions and the
differences were analyzed by Stu-
dent’s t tests. (D) Histology analysis
of tumors from CD24*/~ and
CD24~/~ mice. Graphs shown are
60X images of hematoxylin and eo-
sin staining. The tumor cell with dou-
ble nuclei is indicated by a white
arrow, whereas those that were mi-
totic are indicated by yellow arrows.

note that P170 but not P1527 is associated with serum
viral load.

An important issue is how the CD24 SNPs affect the
risk and progression of chronic HBV infection. Our pre-
vious data have suggested that the protein encoded by the
P1707 allele, which exacerbates the progression of chronic
HBV infection, is expressed at a higher level than P170¢,
presumably by enhancing the efficiency of posttransla-
tional GPI cleavage.?? The protective allele, P1527% on
the other hand, reduces CD24 mRNA stability.? These
data are consistent with the notion that reduced CD24
function is protective against establishment of chronic
HBYV infection and its progression to severe liver diseases,
including LC and HCC.

In order to demonstrate a role for CD24 for outcomes
in liver cells chronically expressing HBV genes, we com-
pared the tumor sizes of old male CD247/~ and
CD24%/~ HBV transgenic mice. This model recapitu-
lates part of the pathogenesis of HBV-associated HCC as
it is analogous to the stage of HBV infection when repli-
cation has ceased and viral DNA has integrated into the
host cells.?® Our data clearly demonstrate that targeted
mutation of CD24 greatly reduces the size of liver cancer
caused by transgenic expression of HBV. A critical role for
CD24 in liver cancer development raised an interesting
possibility of targeting this gene for cancer therapy.

Although CD24 is expressed predominantly in the he-
matopoietic and neuronal cells, many tumor cells have
been shown to overexpress CD24.2527 Furthermore,
Huang and Hsu?! showed that CD24 mRNA is overex-
pressed in liver tumors by differential display. Su et al. 32
suggested that CD24 expression is a prognostic marker
for intrahepatic cholangiocarcinoma. Potential expres-
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sion of CD24 outside the hematopoietic cells raised an
interesting issue as to whether CD24 modulates risk and
progression of chronic HBV infection by affecting the
immune/inflammatory response or malignant growth of
hepatocytes. However, CD24 protein expression in hepa-
tocyte or HCC has not been reported. In this regard, our
immunohistochemical and immunofluorescence staining
for CD24 on liver tissues from LC and HCC patients
indicated that, whereas high levels of CD24 are observed
on infiltrating leukocytes, including T cell blasts, B cells,
and dendritic cells, no expression of CD24 in hepatocytes
or tumor cells was found. These data suggest that the
CD24 gene may modulate the function of leukocytes
rather than HBV-infected hepatocytes, although the lat-
ter cannot be ruled out at this stage.

In theory, CD24 may affect the inflammatory response
in the liver by two different mechanisms. First, as in the
case of inflammation in the central nervous system, CD24
may be required for local T-cell activation.?-33 Because
T-cell-mediated inflammation appears necessary for de-
velopment of HCC in the HBV-transgenic mice,'° tar-
geted mutation of CD24 may delay tumor growth by
reducing the antigen-specific T-cell response locally. In
contrast, we recently demonstrated that the CD24-Siglec
10 pathway negatively regulates production of inflamma-
tory cytokines triggered by necrotic liver cells.?! Among
the cytokines, the tumor necrosis factor has been demon-
strated to suppress viral gene expression®® and therefore
may delay the development of HCC in this model. Inter-
estingly, the CD24" protein, which is encoded by the
CD247 allele, appears more efficiently associated with
Siglec 10 (Supporting Fig. 1). As such, patients expressing
this allele are expected to produce less tumor necrosis
factor. A reduction in inflammatory cytokine may explain
the higher HBV titer (Fig. 2A) and more rapid disease
progression. It is unclear how these two factors are inte-
grated to determine the consequence of HBV infection.
In order to determine whether CD24 is required for local
immune response in the liver, we compared the number
and phenotype of inflammatory cells in the livers of
CD247/~ and CD24*/~ HBV transgenic mice. As shown
in Supporting Table S2, the number and subsets of T cells
are comparable. Moreover, the levels of PD-1, a negative
regulator for T-cell function in chronic infection,3>3¢
were also comparable in liver-infiltrating T cells. There-
fore, the delay in growth of hepatocellular carcinoma can-
not be merely attributed to a lack of T-cell infiltration to
liver. Nevertheless, the types of local immune response
may be qualitatively different. Clearly, further studies are
needed to elucidate the molecular and immunological
mechanisms by which CD24 gene dosage and/or poly-
morphism affects tumor sizes.
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A recent study demonstrated that CD24 is expressed in
liver progenitor cells during liver damage.>” Given the
importance of both liver damage and the progenitor cells
in the carcinogenesis of HCC,?® it would be of great in-
terest to test whether CD24 expression in these cells facil-
itate cancer development in HBV transgenic mice.

In summary, our data indicated that human CD24
gene polymorphisms may affect both the risk and the
progression of chronic HBV infection. Furthermore, in a
murine HBV transgenic model the CD24 gene promoted
the development of liver cancer. Our data provide impor-
tant insights into the pathogenesis and immunotherapy of

chronic HBV infection, LC, and HCC.
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