
PO Box 2345, Beijing 100023, China                                                                                                                                                                 World J Gastroenterol  2004;10(24):3597-3601
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                   Copyright © 2004 by The WJG Press ISSN 1007-9327

• BASIC RESEARCH •

Genetic alterations and reduced expression of tumor suppressor

p33ING1b in human exocrine pancreatic carcinoma

Guan-Zhen Yu, Ming-Hua Zhu, Zhi Zhu, Can-Rong Ni, Jian-Ming Zheng, Fang-Mei Li

Guan-Zhen Yu, Ming-Hua Zhu, Zhi Zhu, Can-Rong Ni, Jian-Ming
Zheng, Fang-Mei Li, Department of Pathology, Changhai Hospital,
Second Military Medical University, Shanghai 200433, China
Supported by the “258” Project Foundation of Changhai Hospital,
Shanghai, China
Correspondence to: Ming-Hua Zhu, Department of Pathology,
Changhai Hospital, Second Military Medical University, Shanghai
200433, China.  mhzhu2000@hotmail.com
Telephone: +86-21-25074604    Fax: +86-21-25074604
Received: 2004-01-16    Accepted: 2004-02-24

Abstract

AIM: To detect the expression of p33ING1b protein and the
change of p33ING1b gene in pancreatic carcinoma and to
evaluate the significance of p33ING1b in pancreatic cell
carcinogenesis.

METHODS: Pathological specimens from pancreatic
carcinoma and matched non-tumor pancreatic tissues were
examined for p33ING1b expression and mutation by
immunohistochemistry, polymerase chain reaction single-
strand conformation polymorphisms (PCR-SSCP) and loss
of heterozygosity (LOH).

RESULTS: The rate of p33ING1b protein expression was 85%
(34/40). A single germline missense mutation was detected
in 1 of 40 tumors  located at codon 215:TGC-TCC (Cys-Ser).
Fourteen (60.9%) of 23 tumor samples showed LOH in all
of the informative markers tested, but no mutation was
detected in these tumors and only two of the informative
tumors lacked expressions of p33ING1b protein.

CONCLUSION: Mutation and loss of expression are not
the main reasons for the disfunction of p33ING1b in pancreatic
carcinoma, an abnormality at the level of chromosome
and/or transcription may inhibit their normal functions,
potentially contributing to pancreatic cell carcinogenesis.
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INTRODUCTION
A candidate tumor suppressor gene, ING1, has recently been
cloned and mapped on human chromosome 13q34, encoding
p33ING1b mainly, a nuclear protein which physically interacts
with p53[1,2] and cooperates with it in many ways[3,4]. Forced
overexpression of the ING1 gene could lead to cell arrest in the
G1 phase of the cell cycle and induce apoptosis in several cell
types[5,6]. Conversely, inhibition of ING1 expression by antisense
constructs could  promote the transformation of mouse breast
epithelial cells and increase the frequency of focus formation

with NIH3T3 cells and protect cells from apoptosis. Recently,
p33ING1b protein has been found to contain many specific
structures, such as plant homeodomain (PHD)-like finger,
nuclear localization sequence (NLS), nucleolar targeting
sequence (NTS), proliferating cell nuclear antigen (PCNA)
interacting protein (PIP) domain, Sin3-associated polypeptide
(SAP30) interaction region and bromodomain which implicate
that the p33ING1b protein might play a critical role with other
genes in oncogenesis, apoptosis, DNA repair and cell cycle
regulation[7-9].
      High rates of 13q loss of heterozygosity (LOH) have been
detected in cancer of the esophagus, ovary, breast and head
and neck[10]. And several gene mutations and reduced protein
expression of p33ING1b were found in head and neck, esophageal,
lung, bladder, ovary, kidney, breast, and liver cell cancers[7].
Major sequence features and biological effects and genetic
alterations of p33ING1b indicate that p33ING1b may be a tumor
suppressor and that functional loss of p33ING1b might contribute
to tumorigenesis. To the author’s knowledge, only one study
showed that p33ING1b expression was increased in pancreatic
adenocarcinoma cell line Mia PaCa-2 after incubation with COX-2
inhibitors for specific times[11]. But little is known about its role
and changes in pancreatic cancer. Accordingly, we examined
whether genetic alterations, such as allelic imbalance or mutations
of p33ING1b gene, as well as altered protein expression of p33ING1b,
might be responsible for the emergence and progression of
human pancreatic carcinoma using immunohistochemical study,
LOH analysis, and PCR-SSCP.

MATERIALS AND METHODS

Materials
Fourty tumor and 23 matched normal tissues were obtained
from 40 patients with pancreatic carcinoma undergoing surgical
resection as primary therapy for their disease after informed
consent was obtained. All patients were from the Department
of Pathology, Changhai Hospital. Another four pancreatitis
and 5 normal samples were also from the department. Histological
studies were performed and all tumors were confirmed as
exocrine pancreatic carcinoma. Among these patients whose
age ranged from 31 to 86 years, 24 were males and 16 were females,
and the average age was 60.5 years. Four types of tumor were
involved namely, adenocarcinoma, adeno-squamous cell
carcinoma, cystadenocarcinoma, and acinar cell carcinoma. The
number of cases was 36, 2, 1, and 1, respectively. Thirteen
cases of adenocarcinoma were well differentiated, and the other
23 cases were moderately or poorly differentiated.

DNA Extraction
Genomic DNAs were isolated from formalin-fixed paraffin-
embedded sections and frozen by proteinase K treatment
(method D)[12], phenol-choroform extraction, and ethanol
precipitation following the manufacturer’s instructions.

Immunohistochemistry
The expression of p33ING1b protein in paraffin-embedded



histological sections was determined using the EnVision
method. Histological sections (4 µm thick) on 0.2 g/L poly-L-
lysine-coated slides were deparaffinized and rehydrated, and
the endogenous peroxidase activity was blocked by incubation
with 20 mL/L H2O2 in phosphate buffer, followed by pre-
treatment with proteinase K. Non-specific binding was blocked
with normal goat serum, and sections were incubated with
p33ING1b antibody (supplied by Dr. Riabowol, Canada)[1]. After
washed with phosphate buffer, the sections were incubated
with secondary antibody and enhanced labelled polymers for 3
h and washed with phosphate buffer, followed by incubation
with DAB. Then the sections were washed and counterstained
with methyl green. Sections of normal pancreas tissue were
used as positive control for the expression of p33ING1b, and the
sections incubated with PBS instead of the corresponding
primary antibody were used as negative controls. To quantitate
the p33ING1b expression in various samples, a scoring method
was adopted[13]. A mean percentage of positive tumor cells was
determined in at least five areas at ×400 magnification and
assigned to one of the five following categories: 0, <5%; 1, 5-25%;
2, 25-50%; 3, 50-70%; and 4, >75%. The intensities of
immunostaining were scored as follows: weak, 1+; moderate,
2+; and intense, 3+. For tumors showing heterogeneous
staining, the predominant pattern was taken into account for
scoring. The percentage of positive tumor cells and the staining
intensity were multiplied to produce a weighted score for each
case. Cases with weighted scores of less than 1 were defined
as negative, otherwise as positive.

SSCP Analysis
The coding region of exon1 was amplified by PCR with primers
on the flanking regions, primers S1 (5’-ATGTTGAGTCCTGCC
AACGGGGA) and AS1 (5’-CTCTTGGTATTTCGCGTCGAT),
138 bp; exon2 was amplified as four:  overlapping fragments
with four primer sets: (a) S2 (5’-ATCCTGAAG GAGCTAGACG
AGTGC) and AS2 (5’-CTTGCCGCTGTTGCCCGCTG), 246 bp;
(b) S3 (5’-TTCGAGGCGAGCAGGAGCT) and AS3 (5’-
CTTGGCCTTCTTCTCCTTGGG), 210 bp; (c) S4 (5’-CAGCAA
CCACGACCACGACG) and AS4 (5’- TGAGCCCCACGCACGA
GAAG), 240 bp; (d) S5 (5’-CCTCCCCATCGACCCCAACG) and
AS5 (5’-CTACCTGTTGTAAGCCCTCTC), 235 bp. The PCR
mixture contained 400 ng of DNA, 5 µL of 25 mmol/L MgCl2,
5 µL of 10×PCR buffer, 5 µL of 2.5 mmol/L each deoxynucleotide
triphosphate, 25 pmoL of each primer, and 1.25 unit of Taq
DNA polymerase (Takara, Kyoto, Japan) in a 50-µL volume.
Initial denaturation at 94  for 4 min was followed by 35
amplification cycles, each consisting of a denaturation at 94 
for 1 min, an annealing at 55  for 1 min, and an extension at
72  for 1 min. A final extension step at 72  for 10 min was
carried out. Fifteen µL of PCR products as mixed with 8 µL of
3×loading dye (95% formamide, 20 mmol/L EDTA, 0.5 g/L
bromphenol blue, and 0.5 g/L xylene cyanol), heat denatured,
chilled on ice, applied onto an 400 g/L polyacrylamide gel with
50 g/L glycerol, and run at variable temperatures. The bands
were detected by silver staining[14]. Aberrantly migrating bands
on the gels were excised, reamplified with the same sets of primers.
Reproduction of the result was confirmed by sequencing the
samples at least twice.

LOH analysis using a microsatellite marker on 13q
To study allelic deletion in pancreatic cancer, we examined DNA
for LOH at D13S261, D13S1047, D13S1315 and DS42490[15],
which are located close to the ING1 locus. Primers sets were
available through the Internet genome database. PCR was
performed in 25-µL reaction mixtures containing 200 ng of
template genomic DNA, 5 pmoL of each oligonucleotide primer,
0.75 unit of Taq DNA polymerase (Takara, Kyoto, Japan), 2.5 µL

of 10×buffer, and 2.5 µL of 2.5mmol/L deoxynucleotide
triphosphate. After predenaturation for 3 min at 94 , PCR was
carried out for 35 amplification cycles, each consisting of
denaturation for 50 s at 94 , annealing for 50 s at 55 
(D13S261, D13S1047, D13S1315) or at 60  (DS42490), and
extension for 1 min at 72 . A final extension step at 72  for
10 min was performed. After amplification, 8 µL of the reaction
mixture was mixed with 8 µL of 2× loading dye as described
above, heat denatured, chilled on ice, and then electrophoresed
on 80 g/L polyacrylamide gel containing 8 mol/L urea. DNA
bands were visualized by silver staining. LOH was scored if
one of the heterozygous alleles showed at least 50% reduced
intensity in tumor DNA as compared with the corresponding
normal DNA.

Statistical analysis
The SPSS 11.0 software package for Macintosh (SPSS Inc.,
Chicago, IL) was used for all statistical analyses. Variables
associated with p33ING1b expression were analyzed by χ2 test.
Differences in expression of p33ING1b mRNA between groups
were checked by independent t test. P<0.05 was considered
statistically significant.

RESULTS

p33ING1b protein expression detected by IHC
p33ING1b protein expression was examined in paraffin-embedded
specimens from 40 pancreatic cancer patients (Figure 1). Normal
and benign lesion sections were examined for p33ING1b expression
as controls. All of the non-tumor tissues were weak positive for
p33ING1b, and reduced p33ING1b protein expression was noted
only in 6 tumor samples (15%). The positive staining in cancer
tissues was significantly stronger than that in matched normal
tissues and other non-tumor samples (Figure 1). Statistical
analysis showed no obvious correlation in p33ING1b expression
between tumor and non-tumor tissues, and also no correlation
between expression of p33ING1b protein and clinicopathological
factors of all the patients.

Detection of p33ING1b gene mutation
To investigate whether the p33ING1b gene was the target of
functional loss in tumors, we searched for mutations in the
coding regions of the gene in all the 40 samples of pancreatic
carcinoma. Only one possible mutation was identified by SSCP
and DNA sequencing (Figure 2). The sample showed a
substitution of cysteine (TGC) with serine (TCC) at codon 215,
which located in plant homeodomain (PHD) finger. This change
might affect the PHD finger and break the three-dimensional
structure of ING1 protein, leading to the loss of  function. But
this sample still showed p33ING1b protein expression, implicating
that the protein expressed in tumor could not exert its normal
function.

LOH analysis
We examined DNA from 23 pairs of matched pancreatic
carcinomas and normal tissues for losses at four microsatellite
markers (D13S261, D13S1047, D13S1315 and DS42490) on the
chromosome 13q33-34 region. Figure 3 shows the summary
and representative examples. Fourteen of 23 informative tumors
(60.9%) showed LOH of at least one marker. The rates of LOH
at D13S261, D13S1047, D13S1315, and DS42490 loci was 8.7%,
21.5%, 13.0% and 26.1%, respectively. The most frequent loss
was seen at marker DS42490, which was located in the ING1
region. These markers were less than 3 cM. Only two of these
23 pancreatic carcinomas showed no p33ING1b protein expression
and none had a single mutation.
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Figure 1  Representative examples of IHC staining for p33ING1b (×200) on normal pancreatic tissues and cancer tissues. A: Weak
positive pancreatic cells  for p33ING1b; B: No p33ING1b; C and D: Extremely strong staining in pancreatic cancer samples.

Figure 3  LOH analysis on chromosome 13q33-34 in PCs. A: Submatic representation of LOH distribution;    LOH    without LOH; a:
cancer; b: matched cancer; B: Analysis of D13S1315; C: LOH analysis of D13S261; D: LOH analysis of DS42490; E: LOH analysis of D13S1047.

Figure 2  SSCP analysis of p33ING1b gene in genomic DNA from pancreatic carcinomas. N: normal DNA; T: tumor DNA. Arrow
point indicates the altered band in tumor DNA as compared with the corresponding normal DNA. The amino acid substitution
of p33ING1b are shown to the right.

Centromere               1     2    3   4   5   6   7   8   9   10   11     12    13    14    15    16    17    18    19    20    21     22    23

D13S261

D13S1047

DS42490

D13S1315

telomere

 

A B

C D

N1   N2   T Mutation at codon 215: TGC-TCC (Cys-Ser)

B C

D E

 1a        1b        2a       2b        3a       3b        4a        4b  1a        1b         2a        2b          3a        3b

 1a        1b         2a        2b         3a        3b        4a       4b  1a        1b           2a       2b         3a        3b          4a        4b

G          A     TC       C         C      C      G     G

A



DISCUSSION
Several studies showed that reduced p33ING1 expression was
found in esophageal squamous cell cancer (100%)[16] and
hepatocellular carcinoma (66.3%)[17]. In our study, positive
p33ING1b staining was present in 85.0% of the pancreatic
carcinoma tissues. No significant difference was found between
cancer and non-cancer tissues, indicating that loss of p33ING1b

protein expression was not a major cause of the cancerization
of pancreatic cells. But p33ING1b protein was overexpressed in
tumors compared with matched normal tissues in the patients
with positive p33ING1b stainings. Our results are in agreement
with two previous studies[18,19]. The functions and states of
these overexpressed p33ING1b proteins still need further study.
        Limited analysis of ING1 gene demonstrated rearrangement
of the gene in one neuroblastoma cell line and reduced
expression in primary breast cancers and cell lines[1]. Then the
following experiments found several missense mutations and
silent changes in cancers of esophagus[16], head and neck[20],
esophagogastric junction[21], gastrointestine[22], skin[18,19] and
breast[23]. These mutations were all located in PHD finger and/
or nuclear localization signal (NLS) in the COOH-terminal half
of ING1. The PHD finger was found in several proteins,
including transcription factors and proteins that could regulate
chromatin structure. Mutations in PHD finger may lead to loss
of the functions of ING1 through inhibiting the transcriptional
activity of the gene. Mutations in NLS might interfere with the
accumulation of ING1 protein in nuclei[7]. But the rate of
mutations was very low and no missense mutations were found
in oral squamous cell carcinoma[24], lymphoid malignancies[25],
colorectal carcinoma[26], and haematological malignancies[27].
We only detected one missense mutation at codon 215: TGC-
TCC (Cys-Ser) on PHD finger among 40 samples of pancreatic
carcinomas. All of these results suggested that mutations in
certain types of tumor could lead to loss of the functions of
p33ING1b, but they were not the main reason.
      Several studies have been reported that high rates of LOH
were found in human chromosome 13q33-34 region[10,16,20]. The
rate of LOH in esophageal/head and neck squamous cell cancers
was 58.9% (20/34) and 68% (23/34), respectively[16,20]. Another
study found that the rate of LOH in head and neck squamous
cell cancers was 48% (21/44)[10]. But the range between every
two markers was more than 1 cm, far from ING1 locus, and these
markers could not reflect the particular information about ING1.
So we selected four markers, D13S261, D13S1047, D13S1315,
and DS42490, to detect LOH in 23 cancer tissues. D13S261 and
D13S1047 located on the upstream of ING1, D13S1315 on the
downstream, while DS42490 in the ING1 locus. The results were
described as above. As compared with the LOH (60.9%), the
loss of p33ING1b protein expression (8.7%) was very low in
pancreatic carcinomas and no missense mutation of p33ING1 gene
was found. The lack of mutations suggests that the ING1 gene
is not the suppressor gene target of tumors in which frequent
LOH was observed at 13q. The high frequency of LOH at ING1
locus and the vicinity may affect the function of p33ING1b but
not the expression of p33ING1 protein. The reason is very
complex. An alternative target of inactivation may be involved
in this tumor type which can affect the function of p33ING1b

protein. In addition, alterations at the transcriptional or post-
transcriptional level may be another reason for the abnormal
expression of p33ING1b protein, for several experiments also
detected reduced expression of p33ING1b mRNA in primary breast
cancers and cell lines[23,28], human gastric cancer[22], myeloid
leukaemia[29], head and neck squamous cell carcinoma[20] and
human diploid fibroblast[30]. More detailed studies are needed
to elucidate this possibility.
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