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Loss at 16q22.1 identified as a risk factor for intrahepatic recurrence
in hepatocellular carcinoma and screening of differentially expressed genes
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Copy number alteration (CNA) of chromosome 16, a frequent genetic event in tumors including hepatocellular carci-
noma (HCC), has been associated with HCC etiology of hepatitis B virus (HBV) and with clinical outcomes in multiple
types of cancer. This study identified CNAs in chromosome 16 in relation to intrahepatic recurrence of HCC in a popula-
tion with high HBV prevalence, and further screened for differentially expressed genes in recurrence-related CNAs. Array
comparative genomic hybridization and expression arrays were used to detect CNAs and gene expression differences,
respectively. The associations between CNAs and intrahepatic recurrence were analyzed on 66 patients, follow-up period
of 3-73 months. One hundred and nine cases were further evaluated regarding the differentially expressed genes. Losses
at 16q and 16p were detected in 62.1% and 51.5% of the 66 cases, respectively. The most recurrent CNAs (with frequency
>20%) were losses at 16p13.3-13.2, 16p13.11, 16q11.2-22.1, 16q22.1, 16q22.2-24.2 and 16q24.2. Of the CNAs, 16q22.1 loss
was significantly associated with unfavorable intrahepatic recurrence-free survival (P = 0.025). Multivariate Cox analysis
identified 16q22.1 loss as an independent risk factor for intrahepatic recurrence (HR = 2.32, 95% CI = 1.26-4.27). A panel
of 21 genes, including TRADD, PSMB10, THAP11, CTCF and ESRP2, were significantly downregulated in HCCs with
16q22.1 loss compared to those without the loss. These results suggest that loss at 16q22.1 was associated with increased
risk for intrahepatic recurrence of HCC, at least in the HBV-prevalence population. Multiple downregulated genes cor-
related with the loss were screened.
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Hepatocellular carcinoma (HCC) is one of the most fre-
quently occurring human cancers worldwide and since the
1990s has been ranked as the second leading cause of cancer
death in China, where most of HCCs correlate with chronic
hepatitis B virus (HBV) etiology [1]. Surgical resection remains
the first-line treatment for operable HCC nowadays, whereas
the greatest problem plaguing the potential curative treatment
is the high rate of postoperative intrahepatic recurrence [2].
However, predictive factors for development of intrahepatic
recurrence continue to be incompletely defined [2,3]. Thus,
biomarker discovery of intrahepatic recurrence will likely play
an essential role in improving prognosis of patients with HCC
by guiding treatment decisions.

DNA copy number alteration (CNA), i.e., gain and loss of
segmental DNA, is a major feature of solid tumors including

HCC [4]. These CNAs could result in aberrant expression of
cancer-related genes and thus play an important role in tumor
development, progression and patient outcome [4]. Previous
studies on HCC have mapped recurrent CNAs to chromosomes
1q, 4q, 6p, 8p, 8q, 13q, 16p, 164, 17p, and 17g, but little is known
about their associations with intrahepatic recurrence [5-10].
CNAs mapping to chromosome 16 are of particular interest
because of overrepresentation in tumors, location of multiple
genes implicated in tumor progression [11-13], and correlation
with unfavorable outcomes in multiple types of cancer [14-20],
with conflicting results [21-24]. Most notably, losses at 16p and
16q have been associated with the HCC etiology of HBV [7,8].
However, the relationship between CNAs in chromosome 16 and
intrahepatic recurrence in HCC, particularly in the population
with high HBV prevalence, remains unclear [9,10].
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In the present study, we determined whether recurrent
CNAs in chromosome 16 were associated with intrahepatic
recurrence in HCC patients in a Chinese population. The dif-
ferentially expressed genes in the same direction with CNAs
(i.e. upregulation and gain or downregulation and loss),
within the potentially recurrence-related CNAs, were further
identified by a simultaneous array comparative genomic hy-
bridization (CGH) and expression analysis.

Patients and methods

Patients and tissue samples. Tumor specimens were
obtained from surgical resections at Eastern Hepatobiliary Sur-
gery Hospital, Second Military Medical University, Shanghai,
China. All patients were ethnic Han Chinese, and none had
received radiation therapy or chemotherapy before surgery.
Final diagnosis of HCC was pathologically confirmed and only
patients with samples containing a minimum of 80% tumor
cells were finally enrolled. Tumor specimens were collected
from resected liver in 30 min, immediately frozen in liquid
nitrogen, and kept at -80°C until DNA/RNA extraction. Writ-
ten informed consent was obtained from all participants, and
the study protocol was approved by the Institutional Review
Board of the hospital.

Totally 179 patients with HCC were investigated. Group
I consisted of 66 patients, enrolled between December 2007
and January 2008, for identification of recurrent CNAs in as-
sociation with intrahepatic recurrence. All of the 66 patients
had follow-up visits. In the second group (II), 113 patients
enrolled between January and March 2007 were investigated
for identification of differentially expressed genes within
recurrence-related CNAs. For group II, experimental analysis
was unsuccessful on 8 cases for array CGH and 5 cases for
gene expression, leaving a number of 100 study subjects with
matched array CGH and expression data. Nine patients in
Group I also had matched array CGH and expression data, and
thus a total of 109 subjects were included in the final analysis
of the identification of differentially expressed genes.

Follow-up. All the 66 HCC patients in Group I were fol-
lowed up, and the median follow-up time was 39 months
(range, 3-73 months) with 2586 months of total analysis time.
After surgery, all patients were screened at regular intervals
for the development of intrahepatic recurrence by clinical
examination, serum alpha fetoprotein (AFP), various imag-
ing modalities, and/or pathological examination. Imaging
modalities were performed once every three to six months,
or when necessary. Serum AFP was measured once every
month. Intrahepatic recurrence-free survival was expressed
as the number of months from the date of surgery to the date
of diagnosis of intrahepatic recurrence.

Array CGH analysis for CNAs. Genomic DNA in tumors
was extracted using the Genomic DNA purification Kit (Qia-
gen, Valencia, CA, USA). Array CGH analysis for CNAs in
chromosome 16 was performed using the high-resolution
Agilent Human Genome Microarray Kit 244K (Hu-244A,

Agilent Technologies), which has an average probe spacing
of 12.9 Kb for chromosome 16. Labeling and hybridization
were performed according to the standard protocol provided
by Agilent (Protocol v4.0, June 2006). Arrays were scanned
using Agilent G2565BA DNA Microarray Scanner, and fur-
ther extracted using Feature Extraction software 9.5. Circular
binary segmentation (CBS) algorithm was performed for each
of the multiple samples independently and separately using
the R package “DNAcopy”. For each region, the segmented
log, ratios were assigned to be the average log, ratios of the
contained probes in that region. Copy number changes were
characterized as reported [25]. At least five consecutive probes
altered in the same polarity were required to define a region.
An absolute log, ratio >0.5 was used as the threshold for the
gain or loss in DNA copy number for each region. The probe
sequences and gene annotations are based on NCBI Build 35
of the human genome and UCSC version hgl7 released in
May 2004.

Gene expression analysis. Gene expression level in tumors
was measured using Affymetrix GeneChip Human Genome
U133 Plus 2.0 arrays (Affymetrix, Santa Clara, CA). Sample
processing and labeling were performed according to the
protocol provided by the Afftymetrix. In brief, total RNA was
extracted and subsequently purified using RNeasy Mini kit
(Qiagen, Valencia, CA). Three micrograms of total RNA was
reverse transcribed to cDNA using One-Cycle cDNA Synthesis
Kit (Affymetrix). Biotin-labeling of antisense cDNA was car-
ried out using IVT Labeling Kit (Affymetrix). The labeled and
fragmented cDNA was hybridized to U133 Plus 2.0 arrays for
16 hours at 45°C, followed by automated array washing and
staining procedures. The arrays were scanned using Gene array
Scanner3000 7G and images were analyzed using GeneChip
Operating Software (GCOS; Affymetrix). Data processing was
done using Robust Multi-array Analysis (RMA) algorithm
implemented in the R package “affy”. Probe sets were mapped
to the human genome according to the hgl7 Build 35 from
the National Center for Biotechnology Information (NCBI)
Ensembl database and the University of California at Santa
Cruz Genome Bioinformatics database Genome Browser.

Statistical analysis. The log-rank test was used to compare
the intrahepatic recurrence-free survival between patient
groups according to specific CNAs (no, yes), as well as age
(<50 years, >50 years), sex, chronic HBV infection (nega-
tive, positive), serum AFP (<20pg/L, >20ug/L), Child-Pugh
classification (A, B), liver cirrhosis (no, yes), tumor number
(single, multiple), tumor size (<5cm, >5cm), vascular inva-
sion (no, yes), Edmondson-Steiner grade (II, III), tumor
encapsulation (present, absent), or tumor-node-metastasis
(TNM) stage (I/II, III). The Kaplan-Meier method was
used to estimate survival curves. Cox proportional hazard
model was performed to determine independent CNAs for
prediction of intrahepatic recurrence. Variables statistically
significant in univariable analyses, including tumor number,
vascular invasion, tumor encapsulation, and TNM stage,
were included in the multivariable analysis. As a sensitivity
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analysis, we further adjusted for age, sex, chronic HBV infec-
tion, serum AFP, Child-Pugh classification, liver cirrhosis,
tumor size, and Edmondson-Steiner grade. This sensitiv-
ity analysis did not yield meaningful differences (data not
shown). Mann-Whitney U test was used to compare the
gene expression levels between HCCs with and without CNA.
The false discovery rate (FDR) controlling procedure was
used to correct for the multiple comparisons and a g value
< 0.05 was taken as a measure of significance. All statistical
analyses were performed with Stata 10.1 (Stata Corporation,
College Station, TX) and P values < 0.05 were considered
statistically significant.

Results

Associations between clinicopathological features and
intrahepatic recurrence. The associations of clinicopathologi-
cal features with intrahepatic recurrence on 66 HCC patients in
Group I were shown in Table 1. Multiple tumor (P = 0.0001),
vascular invasion (P = 0.006), absence of tumor encapsula-
tion (P = 0.025), and advanced TNM stage (P = 0.0003) were
significantly associated with intrahepatic recurrence. No sig-
nificant association was observed between age, sex, chronic
HBYV infection, serum AFP, Child-Pugh classification, liver
cirrhosis, tumor size, or Edmondson-Steiner grade and int-
rahepatic recurrence.

CNAs in chromosome 16 correlated with intrahepatic
recurrence. Of the 66 HCC cases, 12 showed no copy number
change in chromosome 16. The most common alteration was
copy number loss of 16q (41/66; 62.1%), either whole arm
loss (14/66; 21.2%), or partial loss (27/66; 40.9%). Whole
arm and partial losses of 16p were observed in 1 case (1.5%)
and 33 cases (50.0%), respectively. The most recurrent CNAs
(with frequency >20%, Table 2) were losses at 16p13.3-13.2,
16p13.11, 16q11.2-22.1, 16q22.1, 16q22.2-24.2, and 16q24.2.
Survival analysis showed that 16q22.1 loss was significantly
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Figure 1. Intrahepatic recurrence-free survival of patients with hepatocel-
lular carcinoma according to the status of 16q22.1 loss.

associated with unfavorable intrahepatic recurrence-free
survival (P = 0.025, Fig. 1). Multivariate Cox analysis showed
that 16q22.1 loss was an independent risk factor for intrahe-
patic recurrence (hazard ratio (HR) = 2.32, 95% confidence
interval (CI) = 1.26-4.27, P = 0.007, Table 2). Further analysis
of 16q22.1 loss in relation to intrahepatic recurrence was
repeated using only HBV-positive cases (n = 63), and in this
analysis a similar risk estimate was observed (data not shown).
No significant association was observed between losses at
16p13.3-13.2,16p13.11,16q11.2-22.1,16q22.2-24.2 or 16q24.2
and intrahepatic recurrence (Table 2).

Table 1. Association of clinicopathological features with intrahepatic
recurrence of hepatocellular carcinoma

Disease-free Recurrence

No. (%) person-months No. P

Age (years)

<50 32 (48.5) 848.7 20

>50 34 (51.5) 867.1 25 0.589
Sex

Female 18 (27.3) 508.8 12

Male 48 (72.7) 1207.0 33 0.891
Chronic HBV infection

Negative 3 (4.5) 97.4 2

Positive 63 (95.5) 1618.4 43 0.854
AFP (ug/L)

<20 20 (30.3) 534.3 13

>20 46 (69.7) 1181.5 32 0.684
Child-Pugh classification

A 55 (83.3) 1467.5 37

B 11 (16.7) 248.3 8 0.462
Liver cirrhosis

No 27 (40.9) 885.2 18

Yes 39 (59.1) 830.6 27 0.360
Tumor number

Single 49 (74.2) 1535.3 30

Multiple 17 (25.8) 180.5 15 <0.001
Tumor size (cm)

<5 28 (42.4) 796.6 17

>5 38 (57.6) 919.2 28 0.210
Vascular invasion

No 32 (48.5) 1087.4 18

Yes 34 (51.5) 628.4 27 0.006
Edmondson-Steiner grade

1I 14 (21.2) 399.6 10

11T 52(78.8) 1316.2 35 0.607
Tumor encapsulation

Present 23 (34.8) 874.9 14

Absent 43 (65.2) 840.9 31 0.025

TNM stage

I 41 (62.1) 1367.3 24

11T 25(37.9) 348.4 21 <0.001

AFP, alpha fetoprotein; HBV, hepatitis B virus; TNM, tumor-node-metastasis.
"Log-rank test.
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Intrahepatic recurrences could be early (< 2 years) and
late (> 2 years) recurrences, and thus we further analyzed the
association between 16q22.1 loss and intrahepatic recurrence
according to the early and late type. The results showed no
major difference in risk estimate for the early recurrence (n
= 37) from the result on all recurrent cases, with no change
in statistical significance (HR = 2.35, 95%CI = 1.17-4.72, P =
0.016). However, for the late recurrence (n = 8), a nonsig-
nificant 3.20-fold (95%CI = 0.65-15.77, P = 0.153) increased
risk was observed for HCCs with 16q22.1 loss as compared
to without.

Downregulated genes in 16q22.1 loss correlated with
intrahepatic recurrence. To explore the downregulated
genes of the 16q22.1 loss correlated with intrahepatic recur-
rence, expression levels of a total of 54 known genes that fell
within the lost region were compared between HCCs with and
without 16q22.1 loss, on 109 HCCs with matched array CGH
and expression data. With the g value cutoft of 0.05, a panel
of 21 genes including TRADD, PSMB10, THAP11, CTCF
and ESRP2, was identified to be significantly downregulated
in HCCs with loss (n = 33) compared to those without (n =
76, Table 3).

Table 2. Recurrent losses in chromosome 16 and associations with intrahepatic recurrence of hepatocellular carcinoma

Cytoband * No. (%) Map position (start — end)" Size (bp) HR (95% CI)* pt

16p13.3-13.2 17 (25.8) 5714 603 - 7 304 741 1590139 1.02 (0.51-2.05) 0.949
16p13.11 29 (43.9) 14 956 252 - 14 997 419 41 168 1.40 (0.73-2.70) 0.309
16q11.2-22.1 24 (36.4) 45 058 242 - 65 500 521 20 442 280 1.60 (0.87-2.97) 0.133
16q22.1 22 (33.3) 65 503 935 - 66 951 192 1447 258 2.32(1.26-4.27) 0.007
16q22.2-24.2 27 (40.9) 69 763 173 - 85979 029 16 215 857 1.65 (0.86-3.20) 0.134
16q24.2 32 (48.5) 85984 988 — 86 032 082 47 095 1.04 (0.56-1.92) 0.905

HR, hazard ratio; CI, confidence interval.
Cytoband and map position are based on NCBI Build 35 of the human genome and UCSC version hg17 released in May 2004.
# Adjusted by tumor number, vascular invasion, tumor encapsulation, and TNM stage.

Table 3. Significantly downregulated genes correlated with 16q22.1 loss in hepatocellular carcinomas

Expression re-

Gene Description HCC with loss HCC without loss duction (%)*
FAM96B family with sequence similarity 96, member B 8.73 (8.36-9.10) 9.56 (9.39-9.73) 43.8
CBFB core-binding factor, beta subunit 7.36 (6.87-7.85) 8.40 (8.19-8.61) 51.3
Cl6orf70 chromosome 16 open reading frame 70 6.77 (6.46-7.08) 7.59 (7.42-7.76) 43.4
TRADD TNFRSF1A-associated via death domain 6.46 (6.25-6.67) 7.20 (7.07-7.33) 40.1
ELMO3 engulfment and cell motility 3 3.83 (3.27-4.38) 4.94 (4.63-5.25) 53.7
TMEM208 transmembrane protein 208 7.92 (7.53-8.31) 8.79 (8.64-8.94) 45.2
ATP6VOD1 ATPase, H+ transporting, lysosomal 38kDa, V0 subunit d1 7.76 (7.18-8.34) 8.92 (8.69-9.15) 55.1
FAM65A family with sequence similarity 65, member A 6.62 (6.31-6.93) 7.30 (7.17-7.43) 37.7
CTCF CCCTC-binding factor (zinc finger protein) 7.70 (7.48-7.91) 8.22 (8.12-8.32) 304
GFOD2 glucose-fructose oxidoreductase domain containing 2 4.12 (3.62-4.62) 4.97 (4.64-5.30) 44.7
RANBP10 RAN binding protein 10 5.92 (5.69-6.16) 6.69 (6.53-6.85) 41.3
THAPI11 THAP domain containing 11 6.46 (6.17-6.76) 7.12 (6.99-7.25) 36.7
NUTF2 nuclear transport factor 2 7.00 (6.75-7.26) 7.68 (7.53-7.83) 375
EDC4 enhancer of mRNA decapping 4 5.24 (4.93-5.54) 6.04 (5.93-6.15) 42.6
PSMB10 proteasome (prosome, macropain) subunit, beta type, 10 6.31 (5.77-6.86) 7.54 (7.34-7.73) 57.2
DDX28 DEAD (Asp-Glu-Ala-Asp) box polypeptide 28 5.40 (5.03-5.76) 6.20 (6.06-6.34) 42.8
DUS2L dihydrouridine synthase 2 5.08 (4.71-5.45) 5.90 (5.75-6.05) 433
NFATC3 nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 3 6.12 (5.89-6.36) 6.85 (6.69-7.01) 39.7
ESRP2 epithelial splicing regulatory protein 2 7.52(7.23-7.80) 7.77 (7.46-8.07) 15.8
SLC7A6 solute carrier family 7 (amino acid transporter light chain, y+L system), 5.22 (4.66-5.78) 6.29 (5.97-6.62) 52.4
member 6
SLC7A60S solute carrier family 7, member 6 opposite strand 4.75 (4.27-5.22) 5.54 (5.25-5.83) 42.3

HCC, hepatocellular carcinoma.
" Log, based mean (95%CI) gene expression level.
*HCC with loss vs. HCC without loss.
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Discussion

Occurrence of intrahepatic recurrence after surgery confers
unfavorable clinical prognosis in HCC [26], however little is
known about the underlying genetic basis. On the basis of the
integration of high-resolution array CGH findings with clinical
follow-up information, we demonstrated for the first time that
recurrent loss at 16q22.1 was associated with increased risk for
intrahepatic recurrence. Further, a panel of 21 downregulated
genes with concordant 16q22.1 loss, including tumor sup-
pressor candidate genes such as TRADD, PSMB10, THAP11,
CTCEF, and ESRP2, were identified.

Two previous CGH studies on HCC have observed recur-
rent losses in chromosome 16, but failed to correlate with
tumor recurrence [9,10]. However, the two studies were based
on relatively small study samples (between 32 and 34 samples)
and thus included less samples infected with HBV (between
14 and 20 samples), a factor correlated with high-frequency
16p/16q losses in HCC [7,8]. In the present study, based on
a relatively large study sample from a population with high
HBV prevalence, we identified 16q22.1 loss as a risk factor
for intrahepatic recurrence of HCC. Our findings suggest that
16q22.1 loss may serve as a predictive marker for intrahepatic
recurrence in HCC patients, at least in the population with
high HBV prevalence. It has been reported that 16q loss was
represented in primary and recurrent HCCs with similar fre-
quency [27], indicating that the 16q loss driving the recurrence
process is acquired by primary tumors. In this respect, it could
be speculated that determination of the status of 16q22.1 loss
could be of great clinical utility for identification of the HCC
patients at higher risk of developing intrahepatic recurrence,
already at the time of diagnosis, which may guide clinicians to
elaborate treatment strategies individually and thus improve
patient survival.

Since intrahepatic recurrence after surgery could be clas-
sified into early recurrence, representing mainly intrahepatic
metastasis from the primary tumor, and late recurrence, rep-
resenting mainly multicentric occurrence [28,29], we further
examined whether the association between 16q22.1 loss and
intrahepatic recurrence depended on the recurrence time of
early and late type. The results showed that the significant
association existed for early recurrence, but not for late recur-
rence. However, given that only 8 cases were included in the
late recurrence type and a more pronounced, although non-
significant, risk estimate was observed (HR=3.20 versus 2.35
for early recurrence), further studies based on a large sample
size are required to clarify the association between 16q22.1
loss and late recurrence.

Segmental DNA loss in cancer cells is one of the underly-
ing genetic mechanisms leading to reduced expression of the
genes involved. By integration of array CGH and expression
data on 16q22.1 correlated with intrahepatic recurrence,
we identified a panel of 21 genes showing reduced expres-
sion levels with concordant loss, including several tumor
suppressor candidate genes such as TRADD, PSMB10,

THAP11, CTCF, and ESRP2. TRADD is a central adaptor in
the TNFR1 signaling complex that mediates both cell death
and inflammatory signals, and its downregulation has been
correlated with a lower probability of relapse-free survival
in breast cancer patients [30]. PSMB10, a beta subunit of the
20S proteasome, consists of the immunoproteasome acting
upon intensified immune response. In human papillomavi-
rus (HPV)-negative tonsillar and base of tongue squamous
cell carcinoma, absent/low fraction of PSMB10 positive
cells in the cytoplasm and absent cytoplasmic staining
intensity have been correlated with a higher rate of disease
recurrence [31]. THAP11 is a member of the THAPs family
of cellular factors that regulate transcription, cell prolifera-
tion, apoptosis and the cell cycle. In vivo study has shown
its upregulation markedly inhibits growth of a number of
different cancer cells [32,33]. THAP11 is frequently down-
regulated in HCC, and knockdown of THAP11 in HepG2
cells increases both cell proliferation and invasion [33,34].
CTCEF plays diverse roles in gene regulation, imprinting,
insulation, chromosomal interactions, nuclear compart-
mentalisation and alternative splicing, and has been found
to inhibit cancer cell growth and clonogenicity [35]. CTCF
has been proposed as a possible target for 16q22.1 loss in
breast and prostate cancer [36]. ESRP2 belongs to the RBM
family of RNA-binding proteins, and in vivo data have
suggested that its downregulation is restricted to cells that
acquire a motile phenotype during cancer invasion [37]. In
fact, the simultaneous downregulation of these probable
target genes in 16q22.1 may represent the actual mechanism
used by the cancer cell to achieve intrahepatic recurrence
potential in HCC.

Several limitations should be noted in our study. Firstly,
most of HCC cases investigated in the present study were HBV
positive, which might make the results less applicable to HCC
with other etiologies such as HCV infection and alcohol intake
since 16q loss pattern have been shown to be distinct in HCCs
of differing etiologies [7,8]. Secondly, the downregulated genes
screened by expression array were not validated by other meth-
ods. However, the gene expression profile from Affymetrix
array analysis we used has been replicated in quantitative PCR
analysis in previous studies [38,39]. In this context, validation
of the downregulated genes correlated with 16q22.1 loss in
independent groups of HCC patients merit further investiga-
tions. Thirdly, most of samples for expression array (100/109,
91.7%) lacked follow-up data, which hindered our ability
to examine the association between expression levels of the
downregulated genes and intrahepatic recurrence.

In conclusion, we showed that 16q22.1 loss in HCC was as-
sociated with increased risk for intrahepatic recurrence, at least
in the HBV prevalence population. Multiple downregulated
genes correlated with the loss, including TRADD, PSMB10,
THAP11, CTCF and ESRP2 were screened. Validation studies
on the predictive value of 16q22.1 loss in intrahepatic recur-
rence, and functional experiments on the downregulated
genes are needed.
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