
Abstract. Background: Human X-box binding protein 1
(XBP-1) is a transcription factor essential for hepatocyte
growth, as well as for plasma cell differentiation. Recently,
overexpression of XBP-1 has been reported in breast cancer
including non-invasive carcinomas, and was suggested to play
an important role in breast carcinogenesis. To investigate the
involvement of XBP-1 in colorectal tumorigenecity, the
expression of XBP-1 was examined in four colon cancer cell
lines, six colorectal polyps and five colorectal carcinomas.
Materials and Methods: The study population consisted of
eleven patients who had undergone resection for colorectal
cancer or adenoma from 2000 to 2002. Four colon cancer cell
lines, DLD1, SW480, HCT15 and WiDr, were also analyzed
for expression of XBP-1. Reverse transcription-polymerase
chain reaction was performed using eleven primary colon
tumors. XBP-1 expression was then investigated using an
immunohistochemical method for archived paraffin-embedded
sections. Results: The XBP-1 gene was overexpressed in four
cases out of five primary colorectal carcinomas and in four
cases out of six colorectal adenomas. Also all four cancer cell
lines expressed XBP-1 mRNA. Immunohistochemical staining

demonstrated that XBP-1 protein was strongly stained in the
cytoplasms of cancer cells, whereas it was unreactive in the
normal colon epithelial cells and stromal cells. Conclusion:
These data indicate that increased expression of XBP-1 gene
may play some role in human colon carcinogenesis through
impairment of cell differentiation regulation.

Human X-box binding protein 1 (XBP-1) is a transcription
factor. The protein product was originally identified as a
protein binding to the cis-acting X-box present in the
promoter regions of human major histocompatibility
complex class II genes (1), and also as a protein that binds
to the tax-responsive element present in the long terminal
repeat of human T cell leukemia virus type 1 (2). Normal
XBP-1 function is essential for hepatocyte growth (3), as
well as for plasma cell differentiation (4). XBP-1 was found
to be indispensable for immunoglobulin secretion and
development of plasma cells. Recent studies on XBP-1 have
revealed that XBP-1 mRNA is induced by activating
transcription factor 6 (ATF6) (5) and spliced by inositol-
requiring 1 protein kinase (IRE1) (6) in response to stress
upon the endoplasmic reticulum (ER) to produce a highly
active transcription factor. Interestingly, the spliced form of
XBP-1 is able to efficiently activate the unfolded protein
response (UPR) (7).

A recent report has shown increased mRNA expression
and highly-reactive immunohistochemical staining of XBP-
1 in human primary breast carcinomas, as well as in breast
cancer cell lines, but not in the corresponding non-cancer
tissues, indicating involvement of XBP-1 in human breast
carcinogenesis (8). Also, some lines of reports can indicate
the relationship between XBP-1 and cancer (9-12).
Additionally, IRE1-XBP1 branch of the UPR mediates cell
survival and tumor growth. Inhibition of this pathway will
be possible as a therapeutic strategy (13). In this study,
XBP-1 expression in colorectal tumors, including adenomas
and carcinomas, was investigated.
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Materials and Methods

Patients, cell lines and RNA isolation. Eleven patients who
underwent surgery or colonoscopic polypectomy for colon cancer
or adenoma at Tokyo Women’s Medical University Medical Center
East, between 2000 and 2002, were recruited to this study.
Informed consent was obtained from each patient prior to the
study, which was approved by the ethical committee of the hospital.
None of the patients had undergone radiotherapy or chemotherapy
prior to resection. Samples were immediately frozen at –80ÆC. The
four colon cancer cell lines, DLD1, SW480, HCT15 and WiDr,
were cultured in DMEM supplemented with 10% fetal bovine
serum, 100 IU/ml penicillin, and 100 Ìg/ml streptomycin, as
described previously (14). Total RNA was extracted from each
specimen using TRIzol (Life Technologies, Inc., Rockville, MD,
USA) according to the manufacturer’s instructions.

Semi-quantitative reverse transcription-polymerase chain reaction
(RT-PCR). Paired normal and tumor fresh-frozen tissues from
these eleven patients with primary colon tumors were analyzed for
abnormalities of XBP-1 mRNA levels by semiquantitative RT-PCR
using the total RNAs extracted from the respective tissue source.
Total RNA (5 Ìg) was treated with DNase I (Epicentre
Technologies, Madison, WI, USA) and reverse-transcribed for
single-stranded cDNA using an oligo (dT) 12-18 primer with
Reverscript II reverse transcriptase (Wako Pure Chemical
Industries Ltd., Osaka, Japan) (15). Each single stranded cDNA
was diluted for subsequent PCR amplification by monitoring house
keeping gene, glyceraldehyde-3-phosphate dehydrogenase
(G3PDH) using a quantitative control (8). Each PCR was carried
out in a 30 Ìl volume of 1X PCR buffer for 2 min at 94ÆC for
initial denaturing, followed by 25-35 cycles of 94ÆC for 30 sec, 60ÆC
for 30 sec and 72ÆC for 30 sec, with a final extension step of 3.5
min at 72ÆC in a GeneAmp PCR system 9600 (Perkin-Elmer
Applied Biosystems, Foster City, CA, USA) (16). The sequences
of the primers used for RT-PCR were as follows: XBP-1 forward

(5'-TTTAGAAGAAGAGAACCAAA-3'), XBP-1 reverse (5'-
CTGAAGAGTCAATACCGCCA-3'), that were designed to
extend over two exons. Control RT-PCR was carried out using the
G3PDH primers; G3PDH-forward, 5'-GGAAGGTGAAGGTCG
GAGT-3'; G3PDH-reverse, 5'-TGGGTGGAATCATATTGGAA
with some modifications (8, 17, 18). The PCR products were
electrophoresed in 2.5% agarose gels.

Real-time RT-PCR. Real-time RT-PCR was performed using a
qPCRìCore Kit for Sybrì Green (Eurogenetec SA, Belgium)
according to the manufacturer’s instructions. Profile times for this
kit on this system are as follows: 10 min at 95ÆC for the initial step,
25-45 cycles of 95ÆC for 15 sec, 60ÆC for 60 sec and 25ÆC forever
for hold.

Immunohistochemistry of XBP-1 protein. The procedure for XBP-1
immunohistochemistry was performed, as previously reported (8).
Briefly, after deparaffinization, the sections were incubated in 1
mM EDTA (pH8.0) at 100ÆC for 20 min and sequentially treated
with 0.3% H2O2 in methanol for 30 min and skim milk in PBS for
1 hr before incubation with diluted monoclonal XBP-1 antibody
(Santa Cruz Biotechnology. Inc., CA, USA) for 2 h at room
temperature. The sections were exposed to biotin-labeled goat anti-
rabbit IgG for 30 min and immunoreactions were developed with
an avidin-biotin complex (Vectastain ABC elite kit, Vector
Laboratories, CA, USA) and the novel signal was amplified by an
immunohistochemical method (CSA system, DAKO, CA, USA).
The sites of peroxidase binding were demonstrated with
diaminobenzidine. 

Results

Overexpression of XBP-1 transcripts in colorectal cancers and
adenomas. The clinicopathological features of the eleven
patients with colorectal benign or malignant tumors
examined in this study are summarized in Table I. Six cases
were adenomas and five cases were adenocarcinomas.
Representative results are shown in Figure 1 where
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Table I. Clinicopathological features of the patients.

Case Age Gender Histology Location Size 
(mm)

1 60 male tubular adenoma severe atypia A 20
2 65 male tubular adenoma mild atypia T 9
3 60 male tubular adenoma moderately atypia A 13
4 60 femle tubular adenoma moderately atypia Rs 9
5 60 male tubular adenoma moderately atypia S 10
6 61 male tubularo-villous adenoma Ra 12

moderately atypia
7 70 male well-differentiated adenocarcinoma Rs 60
8 73 male moderately-differentiated T 30

adenocarcinoma
9 45 male moderately-differentiated Rb 29

adenocarcinoma
10 53 male well-differentiated adenocarcinoma Rb 82
11 77 female well-differentiated adenocarcinoma T 17

A, ascending; T, transverse; S, sigmoid; Rs, recto-sigmoid; Ra, upper
rectum; Rb, lower rectum.

Figure 1. XBP-1 gene expression by semi-quantitative RT-PCR analysis
in colon cancer cell lines, DLD1, SW480, HCT15 and WiDr.



increased expression of XBP-1 is observed in four colon
cancer cell lines (DLD1, SW480, HCT15 and WiDr). When
XBP-1 mRNA expression in colorectal adenoma tissue was
compared with normal counterpart tissue, it was found to
be overexpressed in five out of six cases examined (Figure
2A). Densitometric quantification showed that the intensity
of the bands in the tumor samples was increased about 
3- to 10-fold in comparison to those in normal counterpart
(data not shown). This difference was confirmed by the
result of real-time RT-PCR (Figure 2B). A similar result
(four out of five cases) was observed in the adenocarcinoma
cases (Figure 3). 

Immunohistochemical staining of XBP-1 in colorectal
adenoma and adenocarcinoma. Figure 4 displays
representative results for normal colon tissues (Figure 4A
and Figure 4C) and for colon adenocarcinoma (Figure 2B)
and for colon adenoma (Figure 2D). While the cytoplasm of
the majority of colon adenoma and adenocarcinoma cells
were strongly reactive for the XBP-1 antigen, the normal
epithelial cells and stromal cells were unreactive. Therefore,
the XBP-1 gene mRNA overexpression and XBP-1 protein
overexpression were observed in most of the human
colorectal tumors examined here.

Discussion

The XBP-1 gene was overexpressed in four cases out of five
primary colorectal cancers, in four cases out of six adenomas
and all four colon cancer cell lines expressed XBP-1 mRNA.
The mRNA overexpression may be caused by mechanisms,
such as gene amplification, transcriptional activation by hypo-
methylation of the promoter region and trans-activation by
other cellular factors. Further detailed examination of the
XBP-1 genome region may provide clues to elucidate such
different mechanisms. The up-regulation of the XBP-1 gene
in the primary colorectal tumors was further evidenced by
detection of a high level of XBP-1 protein expression in the
colorectal cancer cells by immunohistochemical staining
procedures using anti-XBP-1 antibody.

XBP-1 was originally identified as a basic region-leucine
zipper transcription factor, that binds to the X2 box in the
promoter region of the major histocompatibility complex
proteins, thereby regulating its expression (1, 19). XBP-1
was then found to be identical to the tax-responsive element
binding protein 5 (2). A targeted disruption experiment in
mice of the XBP-1 gene has demonstrated that it plays an
essential role in the maintenance and growth of cardiac
myocytes and hepatocytes (3, 20). XBP-1 was also shown to
be critical for the development of the skeleton, tooth buds
and exocrine glands, including the pancreas and salivary
glands, especially in the stage of active branching, during
mouse embryogenesis (21). 

Additionally, XBP-1 is a critical transcriptional regulator
of ER stress. Hypoxia favours tumors with an increased
malignant phenotype and increases the metastatic potential
of tumor cells. Tumor cells respond to hypoxia and ER
stress through the activation of the UPR. The UPR is an
adaptive response to increase cell survival during ER stress
(22, 23). Many tumors contain hypoxic regions (<5 mm Hg
oxygen) that could adversely affect therapy.

The presence of tumor hypoxia has been correlated with
increased tumor recurrence rates in various tumor sites
(24). In head and neck cancers, Gatenby et al. correlated
poor response to radiation with increased hypoxia in these
tumors (25). In prostate cancer, hypoxic tumors were
associated with increased recurrences (26). Interestingly,
even in cancer patients treated with surgery alone, an
examination of cervical tumor specimens following radical
tumor resection has shown that hypoxic tumors were more
likely to metastasize compared to well-oxygenated tumors
of similar clinical stage and size (27). Further examination
of colorectal tumors, including adenomas, investigating
changes related to ER stress, such as the hypoxic
circumference, are warranted.

In summary, the present study suggests that up-regulation
of the XBP-1 gene might play an important role in colon
carcinogenesis by accelerating the cell growth.
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Figure 2. XBP-1 gene expression by semi-quantitative RT-PCR analysis in colorectal polyps and corresponding normal epithelial tissues. N; normal
epithelial tissue, P; colorectal polyp. Expression of G3PDH was used as a control (A). Representative real-time PCR was obtained from case 3 (B).

Figure 3. XBP-1 gene expression by semi-quantitative RT-PCR analysis in colorectal carcinomas and corresponding normal epithelial tissues. N; normal
epithelial tissue, T; colorectal cancer. Expression of G3PDH was used as a control (A). Representative real-time PCR was obtained from case 2 (B).

Figure 4. Immunohistochemical staining using anti-XBP-1 antibody for colorectal tumors. (A) Normal epithelial tissue at magnitude x200, (B) colon
adenocarcinoma at x200, (C) normal epithelial tissue at x200, (D) colon adenoma at x200.



8 Fujimoto T, Onda M, Nagai H, Nagahata T, Ogawa K and Emi
M: Up-regulation and overexpression of human X-box binding
protein 1 (hXBP-1) gene in primary breast cancers. Breast
Cancer 10: 301-306, 2003.

9 Wilson CL, Sims AH, Howell A, Miller CJ and Clarke RB:
Effects of oestrogen on gene expression in epithelium and
stroma of normal human breast tissue. Endocr Relat Cancer.
13: 617-628, 2006.

10 Misra UK, Deedwania R and Pizzo SV: Activation and cross-
talk between Akt, NF-kappaB, and unfolded protein response
signaling in 1-LN prostate cancer cells consequent to ligation
of cell surface-associated GRP78. J Biol Chem 281: 13694-
13707, 2006.

11 Fang H, Huang W, Xu YY, Shen ZH, Wu CQ, Qiao SY, Xu Y,
Yu L and Chen HL: Blocking of N-acetylglucosami-
nyltransferase V induces cellular endoplasmic reticulum stress
in human hepatocarcinoma 7,721 cells. Cell Res 16: 82-92, 2006.

12 Rubenstein JL, Fridlyand J, Shen A, Aldape K, Ginzinger D,
Batchelor T, Treseler P, Berger M, McDermott M, Prados M,
Karch J Okada C, Hyun W, Parikh S, Haqq C and Shuman M:
Gene expression and angiotropism in primary CNS lymphoma.
Blood 107: 3716-3723, 2006.

13 Koong AC, Chauhan V and Romero-Ramirez L: Targeting XBP-
1 as a novel anti-cancer strategy. Cancer Biol Ther 5: 756-759,
2006.

14 Yoshimatsu K, Golijanin D, Paty PB, Soslow RA, Jakobsson PJ,
DeLellis RA, Subbaramaiah K and Dannenberg AJ: Inducible
microsomal prostaglandin E synthase is overexpressed in
colorectal adenomas and cancer. Clin Cancer Res 7: 3971-3976,
2001.

15 Harada H, Nagai H, Tsuneizumi M, Mikami I, Sugano S and
Emi M: Identification of DMC1, a novel gene in the TOC
region on 17q25.1 that shows loss of expression in multiple
human cancers. J Hum Genet 46: 90-95, 2001.

16 Yoshida S, Fukino K, Harada H, Nagai H, Imoto I, Inazawa J,
Takahashi H, Teramoto A and Emi M: The c-Jun NH2-
terminal kinase3 (JNK3) gene: genomic structure, chromosomal
assignment, and loss of expression in brain tumors. J Hum
Genet 46: 182-187, 2001.

17 Kitamura Y, Minobe K, Nakata T, Shimizu K, Tanaka S,
Fujimori M, Yokoyama S, Ito K, Onda M and Emi M:
Ret/PTC3 is the most frequent form of gene rearrangement in
papillary thyroid carcinomas in Japan. J Hum Genet 44: 96-102,
1999.

18 Hatada I, Kato A, Morita S, Obata Y, Nagaoka K, Sakuraba A,
Sato M, Horii A, Tsujimoto A and Matsubara K: A microarray-
based method for detecting methylated loci. J Hum Genet 47:
448-451, 2002.

19 Ono SJ, Liou HC, Davidon R, Strominger JL and Glimcher
LH: Human X-box-binding protein 1 is required for the
transcription of a subset of human class II major
histocompatibility genes and forms a heterodimer with c-fos.
Proc Natl Acad Sci USA 88: 4309-4312, 1991.

20 Masaki T, Yoshida M and Noguchi S: Targeted disruption of
CRE binding factor TREB5 gene leads to cellular necrosis in
cardiac myocytes at the embryonic stage, Biochem Biophys Res
Commun 261: 350-356, 1999.

21 Clauss IM, Gravallese EM, Darling JM, Shapiro F, Glimcher
MJ and Glimcher LH: In situ hybridization studies suggest a
role for the basic region-leucine zipper protein hXBP-1 in
exocrine gland and skeletal development during mouse
embryogenesis. Dev Dyn 197: 146-156, 1993.

22 Hockel M and Vaupel P: Biological consequences of tumor
hypoxia. Semin Oncol 28: 36-41, 2001.

23 Vaupel P, Thews O and Hoeckel M: Treatment resistance of
solid tumors: role of hypoxia and anemia. Med Oncol 18: 243-
259, 2001.

24 Le QT, Denko N and Giaccia A: Hypoxic gene expression and
metastasis. Cancer Mestastasis Rev 23: 293-310, 2004.

25 Gatenby RA, Kessler HB, Rosenblum JS, Coia LR, Moldofsky
PJ, Hartz WH and Broder GJ: Oxygen distribution in squamous
cell carcinoma metastases and its relationship to outcome of
radiation therapy. Int J Radiat Oncol Biol Phys 14: 831-838, 1988.

26 Movsas B, Chapman JD, Hanlon AL, Horwitz EM, Greenberg
RE, Stobbe C, Hanks GE and Pollack A: Hypoxic prostate/muscle
p02 ratio predicts for biochemical failure in patients with prostate
cancer: preliminary findings. Urology 60: 634-639, 2002.

27 Hockel M, Schlenger K, Aral B, Mitze M, Schaffer U and
Vaupel P: Association between tumor hypoxia and malignant
progression in advanced cancer of the uterine cervix. Cancer
Res 56: 4509-4515, 1996.

Received September 26, 2006
Revised November 27, 2006

Accepted November 29, 2006

Fujimoto et al: Colorectal Tumor and XBP-1

131



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


