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The histological diagnosis of hepatocellular carci-
noma (HCC) can be complicated by difficulty in dif-
ferentiation from cholangiocarcinoma and metastatic
carcinoma. Immunohistochemical stains currently in
use are suboptimal in terms of specificity and sensi-
tivity. Using cDNA array analysis for differential gene
expression, we demonstrated a significant increase in
mRNA expression level of CD10/CALLA, a type 2 cell-
surface metalloproteinase, in HCC, which was subse-
quently confirmed by reverse transcriptase-polymer-
ase chain reaction and Western blotting analysis. To
test the possibility of using CD10/CALLA as a diagnos-
tic marker for HCC, various intrahepatic tumors were
studied immunohistochemically using a monoclonal
antibody for CD10. A characteristic canalicular-stain-
ing pattern was observed in normal hepatocytes and
at the apical surface of bile duct epithelial cells. The
canalicular expression of CD10 was identified in 9 of
15 HCCs examined (60%), whereas 10 cholangiocar-
cinomas and 8 of 9 metastatic carcinomas lacked this
staining. In three of the six HCCs negative for CD10,
the surrounding nonneoplastic liver tissue was also
negative, suggesting fixation-associated loss of immu-
noreactivity. Six HCCs had stronger CD10 staining in
tumor cells when compared to the surrounding non-
neoplastic tissue. Three cases of benign bile duct ad-
enomas also expressed CD10 at the luminal aspect.
One of the MCs showed a diffuse, cytoplasmic stain-
ing for CD10, a pattern readily distinguishable from
that of HCC. A panel of other immunohistochemical
markers were also studied for comparison, including
polyclonal anti-carcinoembryonic antigen, cytokera-
tin (CK) 7, CK20, and �-fetoprotein. Our results dem-
onstrate that cDNA arrays can be effectively used to
identify new diagnostic markers, and that CD10 is a
reliable marker for identifying HCC, particularly
when used in conjunction with a panel of immuno-
histochemical markers (polyclonal anti-carcinoem-
bryonic antigen, CK7, CK20, and �-fetoprotein) and

in the distinction from cholangiocarcinoma. (Am J
Pathol 2001, 159:1415–1421)

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver in adults. The incidence in
1995 was reported as 2.1 per 100,000 population in the
United States.1 Its diagnosis requires histological exam-
ination of biopsied tissue from a clinically suspected liver
mass. An accurate diagnosis, particularly of poorly dif-
ferentiated ones, requires differentiation from cholangio-
carcinoma (CC), metastatic carcinoma (MC), and other
malignant tumors, and is critical in guiding appropriate
clinical management. Well-differentiated HCCs exhibit
readily recognizable features of hepatocytic differentia-
tion and thus may cause little difficulty in microscopic
diagnosis. For poorly differentiated lesions, on another
hand, proper diagnosis can be problematic.

In conjunction with relevant clinical and laboratory in-
formation, such as the presence or absence of cirrhosis
and the serum �-fetoprotein (AFP) level, a panel of im-
munohistochemical stains of biopsied or resected liver
specimens is often helpful in histological differential di-
agnosis. Commonly used are a polyclonal antibody
against carcinoembryonic antigen (CEA-p), monoclonal
antibodies specific for cytokeratin (CK) 7 and CK20, and
AFP. HCCs usually exhibit a characteristic membranous
staining pattern with CEA-p. The antibody cross-reacts
with the biliary glycoprotein I located at the bile canalic-
ular aspect of the hepatocyte surface.2 Most HCCs do
not express CK7 or CK20, but most primary and meta-
static adenocarcinomas express either or both antigens.3

When performed in a well controlled setting, staining for
AFP is relatively specific for HCC, but with a low sensi-
tivity, with only �20% of HCCs being positive for this
protein immunohistochemically.

The recent accumulation of genetic data derived from
the human genome project has led to the development of
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new technologies and approaches to study gene expres-
sion profiles in a global setting. One such technology,
cDNA arrays, allows large-scale gene expression profil-
ing of human tissue to discover target genes that may be
useful in the identification of potential therapeutic inter-
ventions and/or diagnostic probes. This technology has
been used successfully in identifying many novel genes
associated with neoplastic transformation,4–10 and more
recently as an investigative tool in molecular patholo-
gy.11–13 Although genetic alterations in malignancies
such as breast and colon cancers are relatively well
explored, this is not the case with HCC. Furthermore,
currently available diagnostic markers for HCC are not
optimal, and thus more accurate immunohistochemical
markers for HCC are needed.

In this study, we used cDNA array analysis to identify
novel gene products that may serve as immunohisto-
chemical markers for HCC. One such candidate identi-
fied is CD10, a cell surface protein. The potential useful-
ness of CD10 as a diagnostic marker in HCC was then
examined immunohistochemically in archival tissue with
hepatic tumors, which include HCC, CC, MC, and benign
bile duct adenoma (BDA), using a monoclonal antibody
for CD10. Several other antibodies were also included in
this study for comparison. The results show that, used in
combination with AFP, immunostaining for CD10 adds a
significant sensitivity to the histological identification of
HCC, while maintaining the specificity. In addition, the
results presented in this report emphasize the effective-
ness of using cDNA array technique to examine gene
expression profiles in human tumors to identify potential
diagnostic markers that are useful in surgical pathology.

Materials and Methods

Patients and Specimens

For molecular analysis, fresh tissue samples of HCC and
surrounding nonneoplastic liver were obtained at the time
of resection. They were snap-frozen in liquid nitrogen and
stored at �80°C before RNA extraction and protein anal-
ysis. For retrospective immunohistochemical studies,
samples were retrieved from the surgical pathology ar-
chives at the University of Texas Medical Branch Hospi-
tals and University of Chicago Hospitals. Multiple sec-
tions were examined microscopically to confirm the tumor
type and the degree of differentiation. One representative
block was then selected for immunohistochemical stud-
ies. The demographics of the patients and histological
classification of the tumors are summarized in Table 1.
Among the nine cases of MCs, four had colorectal pri-

maries (including one neuroendocrine carcinoma), two
had pancreatic head primaries, and three had unknown
primaries.

RNA Isolation and cDNA Array Analysis

Total cellular RNA was isolated from HCC and the sur-
rounding nonneoplastic liver tissue, using the RNAque-
ous-4-PCR RNA extraction kit (Ambion, Austin, TX), ac-
cording to the manufacturer’s instructions. Briefly, 50 mg
of liver tissue was pulverized under liquid nitrogen using
a mortar and pestle and the powder used for extraction of
RNA. After removal of contaminating DNA by treatment
with DNase 1 (Ambion), the RNA was precipitated using
5 mol/L of ammonium acetate and absolute ethanol. The
quality of RNA was monitored by agarose gel electro-
phoresis, as demonstrated by the presence of intact
ribosomal RNAs (28S and 18S bands).

cDNA probes for array analysis were synthesized fol-
lowing the manufacturer’s directions (Clontech, Palo Alto,
CA). Briefly, 4 to 5 �g of total cellular RNA was used to
generate cDNA probes in the presence of [�-32P]dATP,
10� dNTP mix (5 mmol/L each of dCTP, dGTP, and
dTTP), Human 1.2II 10� CDS primer mix, 5� reaction
buffer, Moloney-murine leukemia virus reverse transcrip-
tase (100 U/�l), and dithiothreitol (100 mmol/L). Probes
were then hybridized to Atlas Human Array 1.2II nylon
membranes (Clontech, Palo Alto, CA) that contain 1176
spotted human cDNA’s (10 ng/spot), overnight at 68°C.
Arrays were washed using the manufacturer’s protocols
and differential gene expression patterns were detected
by phosphorimaging. Data analysis was performed using
the AtlasImage software (Clontech). Arrays were per-
formed in duplicate and gene expression was normalized
to overall global gene expression of each array, as rec-
ommended by the manufacturer.

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total cellular RNA was used in a RT-PCR reaction to
confirm array data. cDNA synthesis was performed using
the cDNA synthesis kit (Clontech) according to the man-
ufacturer’s protocol. Briefly, 1 �g of total RNA was used in
a 20-�l reaction mixture containing 5� reaction buffer
(250 mmol/L Tris-HCl, pH 8.3, 375 mmol/L KCl, 15
mmol/L MgCl2), 10 mmol/L each dNTP, Moloney-murine
leukemia virus reverse transcriptase (40 U/�l), RNase
inhibitor (1 U), and an oligo (dT)18 primer. The reaction
mix was incubated at 42°C for 1 hour to synthesize the

Table 1. Demographic Data of Patients Studied and Tumor Types

Tumor type Number of cases Age range (yrs) Male Female

HCC 15 43–72 12 3
BDA 3 25–63 2 1
CC 10 56–80 7 3
MC 9 35–74 6 3

HCC, Hepatocellular carcinoma; BDA, bile duct adenoma; CC, cholangiocarcinoma; MC, metastatic carcinoma.
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first strand cDNA, and the reaction was then terminated
at 94°C for 5 minutes and diluted to 100 �l with 80 �l of
diethyl pyrocarbonate H2O. Subsequently, 5 to 10 �l of
diluted reaction mixtures were subjected to 35 PCR cy-
cles, using the AdvanTaq PCR kit (Clontech) according
to the manufacturer’s suggested protocol. The primers
used were as follows: CD10: sense, 5�-CTGGAGT-
TCATAATGGATCTTGTAAGC-3� and antisense 5�-CATC-
CAAGTGAGGTCATCTAAAGTCTG-3�; GAPDH: sense
5�-GGCTCTCCAGAACATCATCCCTGC-3� and antisense
5�-GGGTGTCGCTGTTGAAGTCAGAGG-3�.

Detection of CD10 by Western Immunoblotting
Analysis

Soluble cell lysates from HCC and surrounding nonneo-
plastic liver were prepared by lysis in 200 �l of a buffer
containing 50 mmol/L Tris-Cl (pH 7.5), 150 mmol/L NaCl,
1% Nonidet P-40, 0.1% sodium deoxycholate, and 25
mg/ml of aprotinin. Equal concentrations of protein were
subjected to electrophoresis in a 12% sodium dodecyl
sulfate-polyacrylamide gel, followed by transfer onto Hy-
bond-N membranes (Amersham, Arlington Heights, IL).
Nonspecific binding was blocked by incubation in phos-
phate-buffered saline (PBS) containing 0.1% Tween 20
(PBS-T) and 5% nonfat milk for 1 hour at room tempera-
ture. The membrane was incubated overnight at 4°C with
anti-CD10/CALLA (clone 56C6; Neomarkers, Freemont,
CA) at a 1:200 dilution in PBS-T containing 1% bovine
serum albumin (PBS-T-BSA). After four washes in PBS-T,
the membrane was incubated with anti-mouse IgG con-
jugated to horseradish peroxidase (Sigma Chemical Co.
St. Louis, MO) diluted in PBS-T-BSA for 1 hour at room
temperature. After four additional washes with PBS-T, the
signals were visualized by enhanced chemilumines-
cence (ECL Plus; Amersham).

Antibodies and Immunohistochemical Staining

Multiple 3- to 4-�m sections were cut from a formalin-
fixed, paraffin-embedded tissue block, and mounted on
positively charged slides. Deparaffinization and quench-
ing in 3% methanol H2O2 were performed as described
previously.14

Primary antibodies used were purchased from various
vendors. Most of these antibodies had been previously
titrated and used routinely in our lab. These included
rabbit anti-human CEA (1:1600), monoclonal mouse anti-
human CK7 (isotype IgG1, kappa, 1:200), monoclonal
mouse anti-human CK20 (IgG2a, kappa, 1:100), and rab-
bit anti-human AFP (1:1600), purchased from DAKO
(Carpinteria, CA). CD10/CALLA (neutral endopeptidase)
Ab-2 antibody (clone 56C6) is a mouse monoclonal an-
tibody purchased from NeoMarkers. The Anti-CD10 was
titrated and a dilution of 1:80 was chosen in our study.

Incubation condition for each primary antibody was 30
minutes at room temperature. Appropriate positive and
negative controls were used for all of the stainings. For
detection of the bound primary antibodies, the LSAB2 kit
with horseradish peroxidase and diaminobenzidine as

chromogen was used (DAKO), following the manufactur-
er’s instructions. All of the slides were counterstained with
Harris hematoxylin (Fisher Scientific, Pittsburgh, PA).

Microscopic Examination

Immunohistochemical staining was evaluated micro-
scopically and a complete absence of staining is re-
corded as negative. Presence of staining was further
specified as membranous, luminal, or cytoplasmic. The
intensity of staining was recorded at a subjective spec-
trum of 1 to 3, with 1 being minimal and 3 being strong.
Staining of at least 5% of the tumor cells was considered
to be positive for the antibody.

Results

Differential Gene Expression in HCC

To search for potential diagnostic markers for HCC and to
better understand genetic changes involved in HCC, we
used cDNA expression arrays to simultaneously assess
the expression patterns of 1176 human genes. We have
identified a number of genes that were differentially ex-
pressed in HCC when compared with nonneoplastic liver
tissues (MR Beard, S-Y Xiao, D Fleming, manuscript in
preparation). Among these, CD10/CALLA mRNA level
was consistently up-regulated in two of four HCC sam-
ples examined. Compared to other identified genes,
CD10 was one of the most highly differentially regulated
genes, which showed �40-fold increase in mRNA abun-
dance in HCC, as compared to the surrounding nontumor
tissue (Figure 1A). The increase in its mRNA level noted
in arrays was confirmed by RT-PCR using specific prim-
ers to CD10 (Figure 1B). Furthermore, Western blotting
analysis demonstrated that the protein expression of
CD10 was also markedly increased in HCC (Figure 1C),
in concordance with the array and RT-PCR data.

Expression of CD10 and Several Other Markers
in HCC, CC, BDA, and Metastatic Carcinoma

The above results clearly demonstrate that in a subset of
HCC cases, CD10 is highly up-regulated and thus may
be potentially a useful diagnostic marker for HCC. To
examine this possibility, immunohistochemical analysis
was performed using a monoclonal antibody against
CD10. The results showed that nonneoplastic hepato-
cytes and bile duct epithelial cells both expressed CD10.
In normal hepatocytes, however, the expression was lim-
ited to the canalicular aspects of the cell membrane
(Figure 2A); whereas in bile duct epithelium, it was
present on the luminal surface of the membranes (Figure
2A). Neoplastic hepatocytes in HCCs also exhibited
CD10 positivity on the canalicular aspect (Figure 2B).
Benign BDAs showed a CD10 expression pattern similar
to that seen in normal bile duct epithelium (Figure 2C),
but their malignant counterpart, CCs, were negative for
CD10 expression (Figure 2D).
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Table 2 summarizes the data derived from immunohis-
tochemical studies and showed that 9 of 15 HCCs exam-
ined expressed CD10 on the cell membrane of the tumor
cells, but accentuated at the bile canalicular aspects,
similar to normal, nontumor hepatocytes (Figure 2, A and
B). Among these nine positive cases, six exhibited stron-
ger staining intensity in tumor cells when compared to the
surrounding nontumor tissue (Figure 3). In contrast, CCs
were all negative for this marker (Figure 2D). All MCs in
the liver we examined were also negative, except for one
adenocarcinoma from an unknown origin, where a diffuse
cytoplasmic staining in tumor cells was observed (data
not shown).

Table 2 also shows that all HCCs examined expressed
CEA-p in a membranous pattern (100%), with accentua-
tion at the bile canalicular aspects. One hundred percent
of the CCs and 100% of the MCs were also positive for
this antigen, but with both cytoplasmic and membranous
staining (data not shown). All HCCs were negative for

CK20, and only one was positive for CK7. CCs were
positive for CK7 and CK20 in 90% and 20% of cases,
respectively. The one CC case that was negative for CK7
was poorly differentiated and expressed only weak (1�)
staining for CEA-p. As a group, the MCs expressed CK7
and CK20 in 33.3% and 44.4% of cases, respectively. All
three metastatic adenocarcinomas with colorectal pri-
mary were CK7�CK20�. The two adenocarcinomas with
pancreatic primary were CK7�/CK20-. The two adeno-
carcinomas with unknown primary were both CK7�/
CK20�. Two metastatic tumors (a carcinoid tumor of
unknown primary, and a neuroendocrine carcinoma from
the rectum) were negative for both CK7 and CK20. AFP
was found to be expressed in only 20% of the HCCs. Only
one HCC showed concurrent staining for both AFP and
CD10. All other tumors were negative for AFP.

Discussion

CD10 is a 100-kd cell surface glycoprotein. It was origi-
nally identified on tumor cells of acute lymphoblastic
leukemia,15,16 and thus named common acute lympho-
blastic leukemia antigen (CALLA). Besides lymphoid pro-
genitor cells and tumors cells, CD10 was also found to be
expressed on fetal liver cells,17 and normal liver cells.18

Biochemically, CD10 is a type II integral membrane pro-
tein known as neutral endopeptidase 24.11 (NEP 24.11),
which functions to cleave small biologically active pep-
tide at the amino terminus to hydrophobic residues within
the peptide sequences.19 Because it is differentially ex-
pressed on lymphoid cells, CD10 has been used rou-
tinely in the differential diagnosis of B cell lymphomas.

Microarray analysis of gene expression profiles in nor-
mal and neoplastic tissues is rapidly becoming a useful
tool to identify genetic alterations and potential diagnos-
tic markers in cancer. In this study we have used cDNA
arrays containing 1176 genes to explore the gene ex-
pression profiles in HCC and surrounding liver tissue to
identify novel genes differentially expressed in HCC, and
to explore their potential roles in clinical diagnosis. We
identified CD10 to be up-regulated at the mRNA level in
two HCCs as compared to nonneoplastic liver tissue. The
up-regulation of CD10 mRNA level was among the high-
est differentially regulated genes we found, with �40-fold
increase in mRNA abundance in both HCC samples. The
reliability of our array data was validated by semiquanti-
tative RT-PCR that demonstrated an increase in CD10
mRNA level in tumor cells. Further analysis by Western
blotting corroborated these findings by demonstrating an
increase in CD10 protein expression level in HCC, and
thus suggested the potential use of this antigen as a
diagnostic marker for HCC.

By studying archival cases of HCC, CC, and MC im-
munohistochemically, we demonstrated the usefulness of
CD10 in differential diagnosis among these tumors. Al-
though 60% of HCCs in this series were positive for CD10
in a canalicular pattern, all of the CCs lacked the expres-
sion of this antigen, despite the fact that CD10 is normally
expressed in bile duct epithelial cells and benign BDAs.

Figure 1. A: Differential mRNA expression profiles between HCC and adja-
cent nonneoplastic liver tissue (NT) as monitored using an Atlas Human
cDNA 1.2II microarray. A representative section of the array is shown in
which differential mRNA expression of CD10 is indicated by arrows. B:
Up-regulation of CD10 mRNA expression as confirmed by RT-PCR. Semi-
quantitative RT-PCR was performed using specific primers for CD10 and total
cellular RNA isolated from tissue surrounding the HCC (NT) and the HCC
from two patients (P1 and P2). Co-amplification of human GAPDH was used
as an internal control. C: Increased CD10 protein expression in HCC. Total
cellular extracts from tissue surrounding the HCC (NT) and HCC were
prepared from patient P1, and separated by sodium dodecyl sulfate-12%
polyacrylamide gel electrophoresis and CD10 was identified by immunoblot-
ting with anti-CD10 antibody. A single species at �100 kd is seen, consistent
with the reported molecular weight of CD10.
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One of nine MCs examined in our study was positive
for CD10, but in a diffuse cytoplasmic staining pattern.
When interpreting the result of CD10-positive staining,
one must be strict about the particular canalicular stain-
ing pattern in HCCs. CD10 may be expressed in various
other types of adenocarcinomas, including clear cell or
papillary renal cell carcinomas, and non-small cell carci-
noma of the lung.20,21 It has been reported that in some
well-differentiated adenocarcinomas, CD10 positivity is
restricted to the apical surface of the malignant glandular
cells, which may be confused with the canalicular pattern
seen in HCC. However, because these tumors are well-

differentiated adenocarcinomas, they do not pose the
difficulty in differential diagnosis from HCCs by routine
hematoxylin and eosin stain.22 On the other hand, poorly
differentiated carcinomas may shows a diffuse cytoplas-
mic staining pattern22 in cases that express CD10. This
should be readily distinguishable from the canalicular
pattern seen in HCC. Nevertheless, caution should be
exercised in interpreting the result of CD10 staining, and
other immunomarkers should always be considered in
conjunction.

There are several other immunohistochemical markers
and special mucin stains currently available to aid in the

Figure 2. Immunohistochemical staining using anti-CD10 monoclonal antibody. A: Normal liver showing membranous staining of hepatocytes at the bile
canalicular aspects, and luminal staining of a bile duct at the portal tract at left (arrowhead). B: Membranous staining of tumor cells in an HCC. C: Luminal staining
of proliferating bile ductules in a BDA (left). The neighboring normal hepatocytes exhibit normal membranous staining. D: No staining for CD10 in tumor cells
of a CC. Note membranous staining of neighboring normal hepatocytes (left), and luminal staining of a few residual benign bile ductules (arrowhead). Original
magnifications: �125 (C and D), �250 (A and B).

Table 2. Immunohistochemical Staining of Different Intrahepatic Tumors

Types of
tumors

Number of
cases

CEA CK7 CK20 AFP CD10

No. positive % No. positive % No. positive % No. positive % No. positive %

HCC 15 15 100 1 6.7 0 0 3 20 9 60
BDA 3 3 100 2 100 0 0 0 0 3* 100
CC 10 10 100 9 90 2 20.0 0 0 0 0
MC 9 9 100 3 33.3 5 55.6 0 0 1† 11.1

HCC, Hepatocellular carcinoma; BDA, bile duct adenoma; CC, cholangiocarcinoma; MC, metastatic carcinoma.
*Luminal staining.
†Diffuse cytoplasmic staining.
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AJP October 2001, Vol. 159, No. 4



differential diagnosis of intrahepatic tumors. The CEA-p
cross-reacts with the biliary glycoprotein I at the bile
canalicular aspects of the hepatocyte surface.2 Although
it shows a characteristic canalicular staining pattern, the
interpretation of the staining with this antibody is not
always straightforward, because weak cell membrane
staining and cytoplasmic staining can hinder interpreta-
tion. Staining for AFP produces a cytoplasmic pattern in
HCC, but is present in a small proportion of cases23 (20%
of HCCs in this series). Immunostains for CKs are some-
times helpful, because HCCs are consistently negative
for CK20, and usually for CK7 as well. In contrast, most
CCs are CK7�/CK20�. Another recently developed im-
munohistochemical marker, hepatocyte paraffin-1 (Hep-
Par1), has a relatively higher sensitivity and specificity
compared to those mentioned previously.23,24 However,
a significant proportion of CCs can also be positive for
this marker.23 Histochemical stains for apomucin expres-
sion, such as MUC3, MUC5AC, MUC6, and MUC7, have
also been described.25

Among the 15 cases of HCCs examined in this study
only 1 case concurrently expresses CD10 and AFP. How-
ever, 11 cases are positive for either AFP or CD10, re-
sulting in a combined sensitivity of 73.3%. Therefore, if
used in combination in routine practice, immunostaining

for AFP and CD10 alone will give rise to an acceptable
sensitivity and specificity in identifying HCC. The sensi-
tivity and specificity will be further increased if other
markers are also included (ie, CEA-p, CK7, CK20).

It is not known at the present whether the increased
expression of CD10 in HCCs has any role in carcinogen-
esis or simply represents aberrant expression in trans-
formed cells. Biochemically, CD10 is a neutral endopep-
tidase that functions to reduce cellular responses to
specific peptide hormones.19 CD10 has also been found
to be expressed on fetal liver cells17 and hepatoblas-
toma.26 Further studies using normal and neoplastic he-
patocyte cell lines will be necessary to elucidate the roles
of CD10 and its substrates, if any, in regulating hepato-
cyte growth, function, and neoplastic transformation.

In summary, the data presented in this report demon-
strate for the first time that a canalicular staining pattern
for CD10 expression can be used as a useful diagnostic
marker for HCC. This new marker identification process is
achieved by using the powerful cDNA array techniques in
combination with immunohistochemical approaches.
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