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TP53 polymorphisms are involved in inverse colorectal cancer
comorbidity in Chinese schizophrenia patients
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Abstract ;

lation of apoptosis. The tumour suppressor gene TP53,involved in neural apoptosis,is one of the potential candidate genes associat-

The inverse cancer comorbidity in schizophrenia patients may be related to the genetic factors, involving the regu-

ed with schizophrenia which might reduce colorectal cancer risk. We recruited 270 schizophrenia patients and 312 colorectal cancer
patients without schizophrenia. To examine the genetic association between schizophrenia and colorectal cancer, we analysed eight
SNPs (rs12951053,rs1625895,rs2909430,1rs9895829,rs1042522, 158079544, rs8064946,rs17806770) covering 14. 35 kb in the re-
gion of TP53. We observed that one of the eight genetic polymorphisms showed statistically significant differences between the colo-
rectal cancer subjects and the schizophrenia subjects (rs12951053, P=20. 000 1,0OR 1.70,95%CI 1. 30—2. 23). In addition, the hap-
lotype of A-G (rs12951053- rs8064946) ,giving a global P=0. 001 8, was the most significant. Our data indicate that the polymor-

phisms of rs12951053 in TP53 confer reduced susceptibility to colorectal cancer and suggest a potential protective mechanism a-

gainst colorectal cancer in the schizophrenia patients of Han Chinese origin.
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The relationship between cancer and psychiatric disorders
has attracted interest among researchers for over a century.
Lower than expected occurrence of cancer has been reported for
psychiatric patients. Schizophrenia is still one of the most chal-
lenging psychiatric disorders, often resulting in negative chan-
ges in life styles and long periods of hospitalization, which may
increase the health care costs.

Contradictory results in the correlation between schizo-

1] Recent researches

[4-7]
’

phrenia and cancer have been observed"
have observed reduced incidence of cancer in schizophrenia

[8-9]

and in their first degree relatives-™"’. There was an evidence of

colorectal cancer being reduced in schizophrenia patients from

L[9]

Catts’s meta-analysis"”. The hypotheses proposed to explain

the decreased risk included genetic factors, neuroleptic medica-

Lo~ A lower

tion, life differences and environmental aspects
than expected rates of cancer in schizophrenia patients has been
ascribed to specific protective mechanism against cancer. The
genetic factors are mostly related to the inverse relationship be-
tween cancer and schizophreniat’!. To date, TP53 and XRCC4
genes have been reported to be involved in this protective
mechanism!®- 11,

The tumour suppressor gene TP53 is considered as a can-
didate susceptibility gene for schizophrenia because it was
shown to control the neural stem/progenitor cells self-renewal
and differentiation. Schizophrenia occurs as a consequence of

abnormality in neurodevelopmental process''*'®

. Increased ex-
pression of TP53 at early stage of brain development results in
neuronal damage''™ ,and also,increased neuronal apoptosis may

be responsible for the high incidence of neuromotor anomalies
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mainly engaged in the study of genetics and radiological diagnosis of disease. %

found in schizophreniat'®'*!, Furthermore, the TP53 gene is lo-
cated on 17p13. 1 region and the region around 17pl3. 3 has
been proved to have a significant linkage with schizophreni-
al?!, These findings support that the TP53 gene may be related
to the pathogenesis of schizophrenia.

Catts and Catts firstly proposed TP53 gene as a suscepti-
bility gene in schizophrenia, was associated with a lower risk of

cancer!'

. Yang et al. (2004) investigated genetic association
between polymorphism of three SNPs and schizophrenia. With
701 cases and 695 controls, the study demonstrated that TP53
might play a role in the susceptibility to schizophrenia in the
Chinese population'?, Ni et al. (2005) performed case-control
study on 286 Toronto schizophrenia cases and 264 controls,
transmission disequilibrium test (TDT) on 163 Portuguese nu-
clear families to test the association between TP53 gene and
schizophrenia. The results provided further evidence for the as-
sociation?!), Park et al. (2004) tested the genetic association
between 179 schizophrenia patients and 104 lung cancer pa-
tients in Korean. The results suggested that p53 polymor-
phisms might be associated with reverse susceptibility to lung
cancer in schizophrenia patients™''?,

We therefore concluded that variants within the TP53 gene
might confer genetically reduced susceptibility to colorectal
cancer among patients with schizophrenia. To examine this as-
sumption, we investigated eight genetic polymorphisms
(rs12951053, rs1625895, rs2909430, rs9895829, rs1042522,
rs8079544,rs8064946 and rs17806770) between Chinese color-
ectal cancer subjects without schizophrenia and schizophrenia

subjects.a genetic association strategy similar to the one used
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1 Subjects

For this study, 312 patients with colorectal cancer (178
male and 134 female,age 61.23+14. 03 years) and 270 patients
with schizophrenia (191 male and 79 female,age 57.25+11.55
years) were recruited. The CRC patients underwent curative
resection through the year of 1999 to 2007 at the surgical de-
partment of Shanghai First People’s Hospital or the Shanxi
People’'s Hospital, China. The cancerous tissue and its adjoining
normal control tissue (>>10 ¢m) were promptly frozen in liquid
nitrogen. The pathologic tumor staging was performed in ac-
cordance with Duke’s criteria. All schizophrenia patients were
diagnosed by senior psychiatrists according to the criteria DSM-
III-R,and they all were from Shanghai and were Han Chinese
in origin. At least two psychiatrists gave their assessments on
the basis of interview data and hospital case records. Written
informed consent for genetic analysis was obtained from all
participants and was reviewed by the ethics committee of the
Human Genetics Center in Shanghai. Genomic DNA was ex-
tracted using standard methods with phenol/chloroform purifi-
cation. The extracted DNA was diluted to a final concentration
of 100 ng/L and stored at —80 °C until further use.
2 Genotyping

Genotypes for eight SNPs in TP53 gene were determined
(rs12951053, rs1625895, rs2909430, rs9895829, rs1042522,
rs8079544 ,rs8064946,rs17806770). The markers were chosen
from the HapMap project database Chttp://www. hapmap.
org) and dbSNP (http://www. ncbi. nlm. nih. gov/SNP/) to
cover a 14. 35 kb region of TP53. All the eight markers are in-
tronic SNPs except rs1042522(C/G) in exon 4. We genotyped
the eight SNPs by the TagMan® assay method using the
ABI7900 DNA detection system (Applied Biosystems, Foster
City,California). All probes and primers were designed with
the Assay-on-Design service of Applied Biosystems. The stand-
ard PCR was performed using the Tagman® Universal PCR
Master Mix (Applied Biosystems) reagent.
3 Statistical analysis

Hardy-Weinberg equilibrium, allelic and genotypic distri-

butions were analysed on the SHEsis platform-?

, which is a
powerful platform for analysis of genetic association studies.
The discrepancies of allele and genotype frequencies between
CRC and schizophrenia patients were compared using Monte
Carlo simulation strategy and 2 tests. As the standardized
measure, Linkage disequilibrium (LD) ., using D" to represent,
was estimated for all SNP loci. P values of association analysis
for multiplicity were corrected using a false discovery rate
(FDR) controlling procedure. The statistic power was calculat-
ed using the G * Power program. All the P values in this study
were two-tailed and the significance level was set at P=0. 05.
Results were also expressed in terms of OR and 95 % CI,which
were calculated on the website http://www. hutchon. net/Con-
fidOR. htm. The program UNPHASED was used to evaluate
haplotype frequencies.

4 Results

For all our samples, distributions of genotype frequencies of all

eight polymorphisms in either CRC or schizophrenia subjects
were in Hardy-Weinberg equilibrium. The allele and genotype
frequencies of the SNPs are listed in Table 1(See the "Interna-
tional Journal of Laboratory Medicine" website home page "pa-
per attachment"). For genetic polymorphism rs12951053, there
were statistically significant differences in allele frequencies be-
tween the 270 schizophrenia subjects and the 312 CRC subjects
(P=0.000 1,P=0.001,after the FDR correction). The A al-
lele and AA genotype of rs12951053 were significantly less
common in the CRC group compared to the schizophrenia group
(allele,56. 6% versus 68.9%,0R 1.70,95%CI 1.30—2. 23;
genotype, 30. 3% versus 49.2%).

We observed that many groups of the markers were in
strong LD, by analysing linkage disequilibrium for each pair of
the SNPs in the CRC and schizophrenia subjects (Table 2) (See

the " International Journal of Laboratory Medicine" website
home page "paper attachment").

We selected some of those haplotypes with significant fre-
quency discrepancies between CRC and schizophrenia subjects
(Table 3) (See the "International Journal of Laboratory Medi-

cine" website home page "paper attachment") for presentation.
Haplotype analysis of these polymorphisms revealed some sig-
nificant global P values(Table4) (See the "International Journal
of Laboratory Medicine" website home page " paper attach-
ment").

A two-SNP-based haplotype, rs12951053-rs8064946, with
a global p value of 0. 0013, showed the most significant differ-
ence between the CRC and the schizophrenia groups. The hap-
lotype A-G (rs12951053-rs8064946) was found to be correlated
with an increased occurrence in the schizophrenia group com-
pared to the CRC group (P = 0. 001 8, OR 0. 633, 95% CI
0.481— 0. 832). The frequency of the haplotype A-G-C
(rs12951053-rs1042522-rs8064946 ) was also greater in the
schizophrenia group than in the CRC group (P=0. 002 9,0R
0.641,95%CI 0. 486—0. 845).

In the power calculations, G * Power 3 program was used.
Our sample size had greater than 90% power to detect a signif-
icant (P<C0. 05) association for alleles, genotypes and haplo-
types,with an effect size index of 0. 1 (corresponding to a "
weak" gene effect).

5 Discussion

Reports on the association between schizophrenia and
cancer incidence are inconsistent. The schizophrenia patients
may get higher,similar or lower cancer rates comparing against
the general population, even though the schizophrenia patients
may have multiple cancer-promoting factors including smoking
behavior,alcohol consumption and other unhealthy life styles.
The majority of recent studies suggest a protection mechanism
in schizophrenia against cancert* %%,

There are several reasons for schizophrenia patients get-
ting less chance to develop cancers. The detection rate of canc-
ers might be less in schizophrenia patients than that in the gen-
eral population because patients with schizophrenia are less in-
clined to seek medical help. However.in the case of CRC,blood

loss and obstructive symptoms often exist in CRC patients,
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leading to the demand of medical attention. In addition, the neu-
roleptic medication and antidepressants may also lower the
cancer occurrence rate, With respect to Levav’'s study, the re-
duced risk of morbidity for cancer in patients diagnosed with
schizophrenia and in their blood relatives strongly points to ge-
netic influences'®!. The medication cannot be persuasive enough
to explain the lower risk in the blood relatives. More recent ex-
planation for decreased cancer incidence in schizophrenia in-
volves apoptotic mechanisms closely related to both the synap-
tic plasticity and cell cycle regulation*’,

The TP53 gene, a pivotal tumour suppressor gene, pro-
motes cell-cycle arrest, DNA repair, senescence and apoptosis
and restrains cancer development. Mutation of the TP53 is the
most common genetic defect in human cancer. Catts and
Cattst ' suggested that the reduced risk of cancer observed in
schizophrenia patients might be associated with differences in
apoptosis,and proposed TP53 as a candidate gene for the sus-
ceptibility. This hypothesis was attested progressively in the
follow-up studies''" %2/,

In the present study,our data,based on Han Chinese sam-
ples, provide further support on the assumption that TP53 may
be involved in the cancer protective mechanism in schizophrenia
patients. We conducted the genetic analysis by genotyping eight
SNPs ( rs12951053, rs1625895, 1s2909430, rs9895829,
rs1042522, rs8079544, rs8064946 and rsl7806770) covering
14. 35kb in the region of TP53. All these markers were selected
from the HapMap project database http://www. hapmap. org
and dbSNP http://www. ncbi. nlm. nih. gov/SNP/. At one of
the eight markers (rs12951053) , there were statistically signifi-
cant discrepancies of allele or genotype frequencies between
CRC and schizophrenia subjects. We observed that the A allele
of rs12951053 was less frequent in CRC than in schizophrenia
subjects (OR 1. 70,95% CI 1. 30 —2. 23, P=0.000 1, P =
0.001,after the FDR correction) , indicating that it might be a
protective factor for schizophrenia patients against CRC.

Since haplotypes constructed from closely located markers
will typically increase the statistical power for association with
the disease,we performed haplotype analysis in SNPs with rel-
atively strong linkage disequilibrium (D" > 0. 7). Our results
indicated that one two-SNP-based haplotype, rs12951053-
rs8064946 (P = 0. 0013), showed most significant global fre-
quency difference between the CRC and schizophrenia groups
(Table 4). In addition, we observed that the most significant
haplotype A-G (rs12951053- rs8064946, OR 0. 633, 95% CI
0.481—0.832,P=0.001 8,) was much more common in the
schizophrenia group (70. 3%) than in the CRC group
(60.0%) , suggesting that A-G is a protective haplotype for
CRC among schizophrenia patients. The haplotype A-G-G
( rs12951053-rs1042522- rs8064946, OR 0. 641, 95% CI
0.486—0. 845, P=0. 0020) also showed a protective role for
CRC in schizophrenia patients.

In the genetic association analysis of study by Park et al.
TP53.,as a protective gene,induced a lower risk of lung cancer
among Korean schizophrenia patients. We also observed that

polymorphisms of TP53 might confer genetically reduced sus-

ceptibility to CRC in Chinese schizophrenia population, with the
similar research strategy. Our sample was twice larger and in-
cluded better age-matched subjects compared to the study by
Park et al. Thus., the possibility of false-positive results was de-
creased. However,a series of susceptibility loci may contribute
to this kind of reduced risk for CRC. Each of the loci influences
but not determines the overall risk. Our sample size is relatively
small. Thus additional replication studies using more SNPs in
larger samples are needed.

There are confounding factors posing a major challenge for
solving this epidemiological puzzle. Except for the firstly pro-
posed candidate gene TP53,there are still some other genes in-
volved,such as APC gene (adenomatous polyposis coli gene) ,
which is significantly associated with schizophrenia and XRCC4
genet™, In addition, epigenetic mechanisms and microRNAs are
implicated in schizophrenia vulnerability and cancer protection.
Further understanding of the links between schizophrenia and
cancer would be valuable to investigate related pathways and
why certain people are protected from the malignancy. It will
also reveal much about the etiology of schizophrenia and cast
light on a variety of illnesses correlated with schizophrenia.

6 Conclusions

In summary, our results indicate that the polymorphisms
of rs12951053 in TP53 confer reduced susceptibility to colorec-
tal cancer in the Han Chinese schizophrenia population. Repli-
cating studies with more markers and larger sample size in
more ethnic groups will be necessary to provide insights into
the correlation between schizophrenia and cancer.
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