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INTRODUCTION
Abstract
AIM: To investigate the differently expressed genes in
human colorectal adenocarcinoma.
METHODS: The integrated approach for gene
expression profiling that couples suppression subtractive
hybridization, high-throughput cDNA array, sequencing,
bioinformatics analysis, and reverse transcriptase realtime quantitative polymerase chain reaction (PCR)
was carried out. A set of cDNA clones including 1260
SSH inserts amplified by PCR was arrayed using
robotic printing. The cDNA arrays were hybridized
with florescent-labeled probes prepared from RNA of
human colorectal adenocarcinoma (HCRAC) and normal
colorectal tissues.
RESULTS: A total of 86 genes were identified, 16
unknown genes and 70 known genes. The transcription
fa c t o r S ox 9 i n f l u e n c i n g c e l l d i ffe re n t i a t i o n wa s
downregulated. At the same time, Heat shock protein
10 KDis downregulated and Calmoulin is up-regulated.
CONCLUSION: Downregulation of heat shock protein 10
KD lost its inhibition of Ras, and then attenuated the Ras
GTPase signaling pathway, increased cell proliferation
and inhibited cell apoptosis. Down-regulated transcription
factor So x 9 influences cell differentiation and cell-specific
gene expression. Down-regulated So x 9 also decreases
its binding to calmodulin, accumulates calmodulin as
receptor-activated kinase and phosphorylase kinase due
to the activation of PhK.

The lifetime risk of colorectal cancer in the general
population is about 5-6% and about 30-40% of patients
have cancer-related deaths[1]. It is of great importance to
elucidate the mechanisms involved in human colorectal
gene carcinogenesis at cellular and molecular levels. It
has been demonstrated that colorectal tumor undergoes
multiple and sequential morphological and molecular
changes [2] . I n t h e p r o c e s s o f t h e d i s e a s e , c e l l
division, differentiation and apoptosis are related
to the expression disorder of a g roup of genes
and protein interaction. Oncogenes such as myc,
K-ras, src, and erbB2 are activated, while the suppressive
cancer genes p53, DCC, APC lose their activation and
mismatch repair leads to microsatellite instability [3-9].
However, the exact gene expression profiling for
human colorectal adenocarcinoma (HCRAC) is still
unclear.
S u p p r es s i o n s u b tr a ctive hyb r i d i z a ti o n (SSH)
t e c h n i q u e s based on suppression polymerase chain
reaction (PCR) c a n i d e n t i f y t h e g e n e e x p r e s s i o n
profiling [10]. We have described recently the successful
use of SSH using HCRAC and normal colorectal tissues[11].
Combined with cDNA microarray techniques, the gene
expressing profiling of H C R AC c a n b e o b t a i n e d
with four additional pairs of nor mal colorectal and
HCRAC tissues. In this study, 86 genes were identified.
According to the results of sequencing and bioinformatics
analyses, three genes were selected, which differed strongly
between HCRAC and nor mal colorectal tissues, and
four genes were evaluated in 10 pairs of matched normal
colorectal and HCRAC tissues by QRT-PCR technique.
www.wjgnet.com

1026

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

February 21, 2006 Volume 12

Number 7

Table 1 QRT-PCR parameters
Gene

Primer

Sequence

Length of primer (bp) Length of product (bp) Location of product

HSE1
Forward prime
Reverse prime
TaqMan probe

5’-TGGCAGGACAAGCGTTTAGA-3’
5’-CAGCACTCCTTTCAACCAATACTC-3
5’>FAM AGTTTCTTCCACTCTTTG Quencher < 3’

20
24
18

66

43–108

Forward prime
Reverse prime
TaqMan

5’-AGCGACGTCATCTCCAACATC-3’
5’-GTTGGGCGGCAGGTACTG-3’
5’>FAM CCTTCGATGTCAACGAGT Quencher < 3’

21
18
18

49

Forward prime
Reverse prime
TaqMan

5’-GTTGAGCGAGGCAAATGGAT-3’
5’-TCCTTGGCAACAGTGCATCA-3’
5’>FAM TCGATATTTCAGATGGGC Quencher <3 ’

20
20
18

62

3098–3
161

5’-CTGGCACCCAGCACAATG-3’
5’-GGACAGCGAGGCCAGGAT-3’
5’>FAM ATCATTGCTCCTCCTGAG

18
18
18

93

1058–1
075

64–81

SOX9

CaM

β-Actin
n
Forward prime
Reverse prime
TaqMan

Quencher

< 3’

MATERIALS AND METHODS
Tissue sample
Normal colorectal and HCRAC tissue samples from
HCRAC patients in West China Hospital were snap-frozen
in liquid nitrogen immediately after surgery and stored at
-80 °C. Ten pairs of HCRAC and normal colorectal tissues
were used. All the tumor samples containing >50% of
tumor cells were confirmed as colorectal adenocarcinoma
according to the result of pathologic diagnosis.
RNA extraction
Isolation of RNA was perfor med using the TRIzol
method (Invitrog en) according to manufacturer’s
instructions. RNA from each sample was assessed by
visualization of the 28S/18S ribosomal RNA ratio on 1%
agarose gel. RNA yield was determined by measuring the
absorbency at 260 nm.
Suppression subtractive hybridization
PCR-based cDNA subtraction method and PCRselect subtraction method (Clontech Laboratories) were
performed using the SMART PCR cDNA synthesis as
described previously[10,11]. Total RNA was isolated from
HCRAC and normal rectum tissues, respectively, and
reversely transcripted into single-strand cDNAs with
reverse transcript enzyme superscript II. Double-strand
cDNA was then synthesized and digested with restriction
enzyme RsaI, resulting in fragments with a different size
of 400-600 bp. HCRAC cDNAs were divided into two
groups and ligated to the specific adaptors 1 and 2R,
respectively. After HCRAC cDNAs were hybridized with
normal rectum cDNA twice for 10 h at 68 °C and the
resulting cDNAs were amplified with nested PCR twice,
the amplified cDNAs containing enriched differently
expressed transcripts were cloned into plasmid vector arms
of T/A. The ligated cDNAs were transformed into E. coli
strain JM109.
cDNA microarrays
A cDNA gene chip containing 1260 SSH clones was
www.wjgnet.com
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made .The inserted fragments in the pMD-18T (TaKaRa
Company) were amplified with PCR using primers from
the franking cloning site. Then the amplified PCR products
were spotted onto silylated slides (CEL Associates,
Houston, TX, USA) using a Cartesian PixSys 7500
motion control robot (Cartesian Technologies, Irvine, CA,
USA) fitted with ChipMaker Micro-Spotting Technology
(TeleChem International, Sunnyvale, CA, USA). The total
RNA from the four pairs of samples taken from grade A
patients was used to prepare cDNA fluorescent probes
for hybridization to microarray. Probes were prepared
by reverse transcription of total RNA in the presence of
either Cy-5 or Cy-3 labeled dUTP (Amersham Pharmacia)
using superscript II (Gibco-BRL). The two color probes
were then mixed, and the denatured probe mixtures
were applied onto the pre-hybridized chip under a cover
glass. The chips were hybridized at 42 °C for 15-17 h and
scanned with a ScanArray 3000 (GSI Lumonics, Billerica,
MA, USA) at two wavelengths to detect emission from
both Cy3 and Cy5. The acquired images were analyzed
using ImaGene 3.0 software (BioDiscovery, Inc., Los
Angeles, CA, USA). The intensities of each spot at the two
wavelengths represented the quantity of Cy3-dUTP and
Cy5-dUTP, respectively, hybridized to each spot. Genes
were identified as differently expressed, if the absolute
value of the natural logarithm of the ratios was >0.69.
To minimize artifacts arising from low expression values,
only genes with raw intensity values for both Cy3 and Cy5
>800 counts were chosen for differential analysis. The
clustering algorithm separated tumor and normal tissues
into different clusters. We used an algorithm based on
the hierarchical clustering algorithm to organize the data
matrix of the four colorectal adenocarcinoma samples in a
binary tree.
Sequence and data analysis
Sequencing was carried out for the cDNA clones using
the Thermo Sequenase fluorescent labeled primer cycle
sequencing (Amersham Pharmacia Biotech, UK). CR
-r6d4cts were run on SequaGel (Biozyme, Oldendorf,
Germang) and the sequences were analyzed by a LiCOR
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Figure 1 Digestion plasmids of EcoRI/Hind/II. Lane M: DNA size markers; 1-15
lanes: Fragment of about 500 bp after EcoRI/HindIII digestion.

Figure 2 Reduction of G3PDH after PCR-select subtraction. M: DNA size
markers; 1-4 lanes: Subtracted PCR products as template, G3PDH3’ and 5’
as primers at cycles 18, 23, 28, 33; 5-8 lanes: PCR products not subtracted as
template, G3PDH3’ and 5’ as primers at cycles 18, 23, 28, 33.

sequencer (MWG Biotech, Ebersberg, Germany). The
qualified expressed sequence tags (ESTs) were referred to
the ESTs containing less than 3% ambiguous bases and
longer than 100 bp. These ESTs were subjected to BLAST
analysis. The EST was considered as part of a known
gene, if the homology to the known gene was over 80%.
The EST was considered as part of a known EST, if it
shared 95% homology with at least 100 bp of human EST.
The EST with no match to human EST was considered as
a novel EST.

BM360856-BM360883).
Analysis of subtraction efficiency To estimate the
efficiency of subtraction in subtractive cDNA library,
the amount of cDNA for G3PDH and oncogene c-myc
was analyzed using subtracted and unsubtracted PCR
products as templates. Eighteen, 23, 28 and 33 cycles
of PCR reactions were performed in a total reaction
volume of 30 µL. The result demonstrated that the nonspecifically expressed housekeeping gene G3PDH was
greatly decreased in the reaction (Figure 2). In contrast,
the specifically expressed oncogene c-myc was greatly
increased in the reaction (Figure 3). These results indicated
that the present suppression subtractive cDNA library was
highly efficient in enriching the highly expressed genes in
HCRAC.

cDNA synthesis and real-time PCR
The total RNA from 10 pairs of patients was treated with
RNA-free DNAase I (TaKaRa Company) to remove any
genomic DNA contamination, then subjected to reverse
transcription using M-MuLV reverse transcriptase (Qiagen
Company, Germany).
PCR primers were designed using Primer Express
1.5 (PE Company) with the following parameters: length
of the amplicon was between 50 and 150 bp, Tm of
the primers was between 58 °C and 60 °C, and span of
an intron (Table 1). Real time quantitative (RTQ) PCR
was performed using Taqman MGB reagent kit (Qiagen
Company, Germany) according to the manufacturer′s
instructions. PCR was performed on an ABI Prism 700
fluorescent quantitative PCR.

RESULTS
Suppression subtractive hybridization
Generation of subtracted cDNA populations SSH
was performed in human rectum adenocarcinoma and
normal rectum tissues from one patient. A total of 1 260
clones were obtained by SSH. To evaluate the quality
of the libraries, plasmid DNA isolated from 36 clones
was digested with restriction enzyme, and agarose gel
electrophoresis showed that all plasmids contained
400-600 bp fragments (Figure 1). Sequence analysis of 31
clones demonstrated that 28 fragments were differentially
homologous to known genes in the GenBank (acquired
gene accession number and dbEST number : Accn

cDNA microarray
The cDNA inserts of each clone were amplified with
PCR and spotted on a microarray using robotic printing.
Multiple housekeeping genes and randomly selected
cDNAs were also printed on the same array to serve
as internal controls. The cDNAs from cancer tissue
of four patients were labeled with cyanine5 (Cy5), and
the cDNAs from normal colon tissue of four patients
were labeled with cyanine3 (Cy3). The microarrays were
hybridized with cDNA probes labeled with fluorochrome
in the forward direction as group 1(Figure 4A).Then, the
cDNAs from cancer tissue of four patients were labeled
with Cy3, and the cDNAs from normal colon tissue of
four patients were labeled with Cy5. The microarrays were
hybridized with cDNA probes labeled with fluorochrome
by reverse direction as group 2 (Figure 4B). Red and green
fluorescence indicated greater relative expression in the
tissues of HCRAC and normal colon, yellow fluorescence
indicated equal expression. According to the changes in
signal intensity, a total of 143 ESTs were identified. Fiftyfour ESTs were differently expressed in group 1, 37 ESTs
were upregulated and 17 ESTs were downregulated by
forward hybridization. ESTs were differently expressed
in group 2 by reverse hybridization, 49 ESTs were
upregulated, 40 ESTs were downregulated. The identified
www.wjgnet.com
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Table 2 Differently expressed genes in subtracted cDNA populations
Name of gene

Accession
number

cDNA

cDNA array ratio
Group 1

Proto-oncogene and
tumor suppressor genes
Ion channels
proteins

ITGA6: integrin, alpha 6

ck570352

C60

ATP1B1: ATPase, Na+/K+ transporting, beta 1
polypeptide
CALM1: calmodulin 1 (phosphorylase kinase, delta)

ck570329
ck570304,
ck570314

C8
a50
b19

3.265
1.856

Cell cycle proteins

PTMA: prothymosin, alpha
BTG1: B-cell translocation gene 1, anti-proliferative
DKFZp451J0118: taxilin
CAPZA1: capping protein (actin filament) muscle
Z-line, alpha 1
TBDN100: transcriptional coactivator tubedown-100
K-ALPHA-1: tubulin, alpha, ubiquitous
TUBB2: tubulin, beta, 2
CAPZA1: capping protein (actin filament) muscle Z-line, alpha 1
K-ALPHA-1: tubulin, alpha, ubiquitous
SRPRB: signal recognition particle receptor, B subunit
PERQ1: PERQ amino acid rich, with GYF domain 1
ZNF403: zinc finger protein 403
SOX9: SRY (sex determining region Y)-box 9
(campomelic dysplasia, autosomal sex-reversal)

ck570346
ck570300

C47
a21

2.058

ck570339
ck570343
ck570351
ck570353
ck570366
ck570343
ck570339
ck570312
ck570299
ck570360
ck570305,
ck570306,
ck570361
ck570344

c32
c41
c58
C61
C91
C41
C32
b12
a15
C85
b2
b3
c86
c43

ck570355
ck570311

c73
b11

Cell frame and movement

Apoptosis related proteins Signal
transmitting related proteins
Synthesis and translation
related proteins

SET: SET translocation (myeloid leukemia-associated)
Bit1: Bcl-2 inhibitor of transcription
EIF3S6: eukaryotic translation initiation factor 3, subunit
6 48 KD
EIF4E: eukaryotic translation initiation factor 4E
NCL: nucleolin
Metabolism
related proteins

Immunity and stimulation
related proteins

Cell receptor

Others

www.wjgnet.com

ck570336
ck570367
RPL7: ribosomal protein L7
ck570290
RPS24: ribosomal protein S24
ck570297
RPS25: ribosomal protein S25
ck570349
COX7C: cytochrome c oxidase subunit VIIc
ck570315
FABP1: fatty acid binding protein 1, liver
ck570324
SAT: spermidine/spermine N1-acetyltransferase
ck570335
SCD: stearoyl-CoA desaturase (delta-9-desaturase)
ck570357
PAFAH1B2: platelet-activating factor acetylhydrolase, isoform Ib, beta ck570292
subunit 30 KD protein 1
HSPE1: heat shock 10 protein 1 (chaperonin 10)
ck570307,
ck570308,
ck570310,
ck570347
HSPD1: heat shock 60 KD protein 1 (chaperonin)
ck570356
IGHG1: immunoglobulin heavy constant gamma 1
ck570363
(G1m marker)
ck570321
IFITM3: interferon induced transmembrane protein 3 (1–8 U)
ck570309
PSMA7: proteasome (prosome, macropain) subunit, alpha type, 7
PIGR: polymeric immunoglobulin receptor
ck570301,

c16
c92
a3
a13
c55
b20
b39
c13
c81
a7

ck570303,
ck570313,
ck570316,
ck570318,
ck570319
C6orf62: chromosome 6 open reading frame 62
ck570289
IRA1: likely ortholog of mouse IRA1 protein
ck570291
MRNA: cDNA DKFZp686P07216 (from clone DKFZp686P07216)
ck570296
DACH1: dachshund homolog 1 (Drosophila)
ck570298
TXNIP: thioredoxin interacting protein
ck570317
LOC376745: AG1
ck570328
Transcribed sequence with strong similarity to protein prf:0512543A (H. ck570333
sapiens) 0512543A oxidase II, cytochrome
C14orf112: chromosome 14 open reading frame 112
ck570337
Transcribed sequence with moderate similarity to
ck570348
protein sp:P18124 (H. sapiens) RL7_HUMAN 60S
ck570354
ribosomal protein L7
ck570358
F LJ32421: hypothetical protein FLJ32421
ck570364,
C20orf45: chromosome 20 open reading frame 45
ck570322,
ck570327,
CDNA clone MGC:62026 IMAGE:6450688, complete cds
ck570330,

2.277
0.352
0.344
2.090

1.540
0.486
3.197
0.426
0.489

0.660

0.472
0.493
2.211
2.281
3.21
0.493
0.472
0.425
3.197
2.344
1.593
3.391
2.447
2.666
2.091
0.392
4.67

0.359
0.457
1.860
2.807

2.202
0.580
0.547
0.375
3.098

0.421

b6
b7
b9
c52
c77
c90
b5-1
b8

0.562
0.567
0.649

a28

2.309

a39
b13
b21
b24
b40
a2
a4
a12
a14
b23
c5
c12

2.552
1.554
1.869
1.982
2.942
0.236
0.402
0.450
0.482
1.959

c19
c53
c71
c82
c50
b38
b44
c10

Group 2

0.493
0.634

2.665
2.942

3.191
2.686
2.532
2.132
2.786
4.667
2.830
3.021

0.330
0.505
0.394
0.662

0.297
0.336
0.373
0.414
2.152
2.648
3.127
2.104
0.368
0.590
0.368
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Figure 3 Increased c-myc after PCR-select subtraction. M: DNA size markers; 1-4
lanes (left): PCR products not subtracted as template, c-myc 3’ and 5’ as primers
at cycles 18, 23, 28, 33; 5-8 lanes: No PCR products subtracted as template,
c-myc 3’ and 5’ as primers at cycles 18, 23, 28, 33; 1-4 lanes (right): PCR products
subtracted as template, c-myc 3’ and 5’ as primers at cycles 18, 23, 28, 33.

43 ESTs representing 3.41% of total genes examined were
differently expressed in the two groups (Table 2).

Figure 4 cDNA microarray hybridized with fluorescent labeled probes prepared
from HCRAC (A) and total RNA from normal colorectal tissue (B).

DISCUSSION
Controlling reliability of SSH
HCRAC is a multi-gene disease similar to other malignant
tumors[1]. Although the expression of some genes such
as APC, DCC and p53 is related with the occurrence
of HCRAC, the underlying mechanisms and the whole
gene expression profile involved in the pathogenesis of
H C R AC are still unclear [5-9]. In this study, according
to the SSH technique based on suppression PCR [10] ,
the cDNA subtractive librar y of H C R A C was
constructed. The subtraction efficiency was estimated
by PCR analysis. The amount of G3PDH was relatively
decreased and the amount of c-myc was relatively
increased. Thirty-six randomly selected clones were
sequenced. Bioinfor matics analyses showed human
ESTs and dbEST with their accession numbers in the
GenBank[11].
cDNA microarray and quantitative PCR
SSH combined with cDNA microarray or real-timePCR technique has been used as an efficient method
to identify differently expressed genes in breast cancer
cells, renal cells, colon cancer cells, non-metastatic and
metastatic cancer cells, lung cancer cells, bronchial
epithelial cells, fibroblast growth factor 2-transformed
endothelial cells[12-19]. It was reported that some differently
expressed tissue-specific genes have been identified in
nasopharyngeal epithelial tissue and two novel full-length
genes have been isolated in human glioma specimens[20,21].
Cancer is a highly variable disease with multiple
heterogeneous genetic and epigenetic changes. Functional
studies ar e essen t i a l t o u n d e r s t a n d t h e c o m p l e x
polymorphisms of cancer. Microarray is a new powerful
tool for studying the molecular basis of interaction. This
technique makes it possible to examine the expression of
thousands of genes simultaneously[23]. To further confirm

the different expression of genes identified in subtractions
in the present study, four pairs of samples of patients were
chosen for cDNA microarray analysis. The results of the
forward and reverse hybridizations were identical.
Both thermodynamic and physical parameters are
known to influence hybridization intensities on DNA
microarray, and they may fail in discriminating highly similar
genes within a gene family during heterologous probe
hybridization. Among the techniques available to validate
the DNA microarray data, we chose quantitative real-time
RT-PCR (qRT-PCR), since it could offer confirmatory
quantitative results under stringent conditions. qRT-PCR
can be used for measuring low concentrations of mRNA,
and is highly accurate, reproducible, and amenable to
high throughput analysis[23-31]. Three differently expressed
ESTs were selected and their expression was analyzed by
reverse transcriptase real-time quantitative PCR in the
ten pairs of patients. The expression of the four cDNA
fragments tested displayed the expected different patterns
of expression (Figure 5).
Global molecular change in carcinogenesis
Carcinogenesis is a complex process in which many
molecules are changed at transcriptional and translational
levels, and then manifested as structural and functional
ch a n g e s o f c a n c e r c e l l s. I n f o r wa r d m i c r o a r r ay
hybridization, eukaryotic translation initiation factor
3 and SRY Sox are downregulated. Furthermore, heat
shock proteins 10 and 60 KD, ribosomal protein S 17,
ribosomal protein S 25, ribosomal protein S 28, ribosomal
protein L7, tubulin alpha and beta, E-cadherin and
integrin alpha 6 proteasome are transiently downregulated.
The up-regulated calmodulin 1, nuclear gene encoding
mitochondrial protein, protease, ATPase, Na+/K+ beta
www.wjgnet.com
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Figure 5 Results of QRT-PCR. Blue/brown/:β-actin N/β-actinT; green/bright green:
CaMT/CaMN; green/red: Hsp10T/Hsp10N; blue: Sox-9N/Sox-9T.

transporting polypeptide, Zinc finger protein, and putative
ribosomal RNA apurinic site-specific lyase have been
demonstrated in forward microarray hybridization. The
results of reverse microarray hybridization coincided with
it.
Translation initiation in eukaryotes is a rate-limiting
step in protein synthesis. It is a complex process involving
many eukaryotic initiation factors (eIFs). Altering the
expression level or the function of eIFs may influence
the synthesis of some proteins and consequently cause
abnormal cell growth and malignant transformation [32].
Ribosomes that catalyze synthesis of proteins consist of a
small 40S subunit and a large 60S subunit. These subunits
are composed of four RNA species and approximately
80 structurally distinct proteins[33]. The down-regulated
tubulin has been observed. This experiment renders
further support to the hypothesis that activation of both
the transcriptional and posttranscriptional machinery may
constitute an integral part of the mechanism underlying
carcinogenesis.
Down-regulated E-cadherin and integrin alpha 6 can
decrease cancer cell adhesion and increase its invasion. Upregulated nuclear genes encoding mitochondrial protein,
ATPase, Na+/K+ beta transporting polypeptide reflect that
cancer cells need enough energy to grow.
Signal transmission of carcinogenesis
We observed that Sox9 was strongly down-regulated
(0.426-fold). Sox, a high-mobility-group domain containing
transcription factor, with a DNA-binding domain similar
to that of the mammalian testis-deter mining factor
SRY, is a key transcription factor that is essential for
chondrocyte differentiation and chondrocyte-specific
gene expressions[34,35]. Sox9 has been demonstrated to be
a “master regulator” gene that controls distinct pathways
of mesenchymal differentiation. Sox9 is a target of cAMP
signaling and phosphorylation of Sox9 by protein kinase
A (PKA) enhances its transcriptional and DNA-binding
activity[36-38]. Sox9 harbors a number of highly conserved
regions, including two domains required for maximal
trans-activation. The heat shock protein HSP70 recognizes
a specific region of Sox9 with unknown function which
may facilitate the assembly of multi-protein complexes
www.wjgnet.com
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at promoter enhancer regions. The Sox9 HMG domains
carr y two nuclear localization signals (NLSs). The
N-terminal NLS binds to calmodulin while the C-terminal
NLS binds to importin beta[39].
We also found that heat shock protein 10 KD
(chaperonin 10) was downregulated (0.562-fold). Heat
shock protein 10 KD can reduce myocyte death by its
mitochondrial function or by interacting with cytoplasmic
signaling pathways. The Ras GTPase signaling pathway
indicates that inhibition of Ras is required for the
protection by HSP10. In abnormal situations, oncogenic
activation of Ras signal transduction pathways leads to
continuous upregulation of key elements of translational
machinery. The Ras signal transduction pathways play a
critical role in regulating mRNA translation and cellular
transformation. On the other hand, tumor suppressor
genes downregulate ribosomal and tRNA synthesis, and
their inactivation results in uncontrolled production of
these translational components. Heat shock proteins
(chaperonins) are also a subgroup of oligomeric molecular
chaperones. Chaperonins 10 and 60 can be found on
the surface of various prokaryotic and eukaryotic cells,
and release from cells. Secreted chaperonins can interact
with a variety of cell types, including leukocytes, vascular
endothelial and epithelial cells, and activate key cellular
activities such as the synthesis of cytokines and adhesion
proteins[40-42]
We further observed that some receptor subunits
(calmodulin) related to ion channels (potassium channel
protein) were strongly upregulated (3.265-fold). Calmodulin
(phosphorylase kinase delta) is a major cytoplasmic
calcium receptor that performs multiple functions in cells
including cytokinesis [43]. Calmodulin is a small protein
involved in calcium signaling and is able to bind to many
different targets. The targets of calmodulin are a number
of kinases, including myosin light chain kinase (MLCK),
calmodulin-dependent kinase and phosphorylase kinase.
The phosphorylase kinase holoenzyme (PhK) including
alpha-beta, gamma and delta alters the interaction between
its regulatory alpha and catalytic gamma subunits. The
gamma subunit is also known to interact with the delta
subunit, an endogenous molecule of calmodulin that
mediates the activation of PhK by Ca (2+) ions[44].
In conclusion, the down-regulated transcription factor
Sox9 can influence cell differentiation and cell-specific
gene expression. Down-regulation of heat shock protein
10 KD loses its inhibition of Ras, and attenuates the Ras
GTPase signaling pathway, increases cell proliferation and
inhibits cell apoptosis, which is a hallmark of aggressive
malignant colorectal adenocarcinoma. Down-regulated
Sox9 also decreases its binding to calmodulin, accumulates
calmodulin as receptor-activated kinase and phosphorylase
kinase due to the activation of PhK by Ca (2+) ions.
Upregulated nuclear DNA-encoded mitochondria supply
increases cancer cell proliferation energy.
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