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Abstract: Hereditary nonpolyposis colorectal cancer (HNPCC) is caused by functional defects in mismatch repair
(MMR) genes, including mutL homolog 1 (MLH1) and mutS homolog 2 (MSH2). This study aimed to assess whether
the mRNA expression of MLH1 in peripheral blood could be used as a biomarkers for the diagnosis of HNPCC. The
mRNA level of MLH1 was determined in 19 HNPCC families (46 members) using real-time quantitative polymerase
chain reaction (QPCR). The mRNA levels of MLH1 in HNPCC were significantly lower than controls (P < 0.001).
Receiver operating characteristic (ROC) curve showed a high diagnostic value of the mRNA level of MLH1 for the
diagnosis of HNPCC with the area under curve of 0.858. At an optimal cut-off value (0.511), the mRNA level of MLH1
had a sensitivity of 81.3% and a specificity of 86.7% for distinguishing HNPCC from controls. In conclusion, the
mMRNA expression of MLH1 in peripheral blood may serve as a biomarker for the diagnosis of HNPCC.
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Introduction

Hereditary nonpolyposis colorectal cancer
(HNPCC), also known as Lynch Syndrome, has
a high penetrance (80-90%) and is the most
common inherited cancer of the digestive sys-
tem, accounting for 3-5% of all colorectal can-
cer (CRC) cases [1, 2]. HNPCC is caused by
functional defects in mismatch repair (MMR)
genes, including mutS homolog 2 (MSH2), mutL
homolog 1 (MLH1), mutS homolog 6 (MSHG6),
postmeiotic segregation increased 2 (PMS2),
postmeiotic segregation increased 1 (PMS1)
[3-6]. Although HNPCC has a significant family
history, diagnosis of this disease depends on
detection of germline mutation of MMR genes
in HNPCC patients and their kindred. Genetic
studies have been showed that germline muta-
tions of MLH1 and MSH2 account for approxi-
mately 90% of detected mutations in HNPCC
[1, 7]. Therefore, most mutational analyses of
family CRC are focused primarily on the MLH1
and MSH2 genes [8-14].

Previous studies on HNPCC focused on detect-
ing MMRs mutation, protein expression, and
microsatellite instability [10, 15, 16]. However,
genetic transmission is a serial step including
DNA duplication, gene transcription and protein
translation, namely, an expressional procedure
of cell phenotype through corresponding mRNA
transmission and special protein or enzymes
translation. Although mutations and promoter
hypermethylation of MMRs can lead to reduced
MMR protein expression, the effect of MMR
mutations on its mRNA levels in peripheral
blood lymphocytes remains largely unknown.
There is no study evaluating the role of mRNA
levels of MMRs in screening for HNPCC.

In this study, we used real-time quantitative
polymerase chain reaction (QPCR) to investi-
gate peripheral mRNA level of MLH1 in HNPCC
families according to Amsterdam Criteria ll, and
to explore the feasibility of the mRNA level
of MLH1 in peripheral mRNA level blood for
screening for HNPCC.
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Figure 1. The gqPCR standard curve for MLH1 (A) and HBA2 (B) genes. The imput amount is 108, 107, 106, 10%, 104,
103, 102, 10* copies of MLH1, and 107, 10°, 10°, 104, 103, 102, 10* copies of HBA2, respectively.

Material and methods
HNPCC families

We selected pedigrees according to Amster-
dam Criteria Il [17], which principally includes:
1) there should be at least three relatives with
an HNPCC-associated tumor such as CRC,
endometrial, small bowel, and ureter/renal pel-
vis cancer; 2) at least two successive genera-
tions should be affected; 3) at least one should
be diagnosed before age 50 years. Nineteen
Chinese HNPCC families (totally 46 family par-
ticipants) fulfilling above mentioned clinical cri-
teria were collected in Shanghai Cancer Center
between August 1998 and March 2009. Among
them, 12 HNPCC families were described in
previous works [13, 14]. For the remaining 7
families, MLH1 mutation screening was per-
formed as previously described [13, 14]. In-
formed consent was obtained from each par-
ticipant before drawing peripheral blood.

RNA isolation

Seven ml of peripheral blood samples were col-
lected from each patients and their family
members in 10 ml sterile centrifuge tube con-
taining 200 ul of 0.5 mol/L EDTA, and then cen-
trifuged at 3000 r/min for 10 min. After upper
stratum of plasma were removed, medium stra-
tum of karyocytes and lower stratum of erythro-
cytes were mixed uniformly with 8 ml of hypo-
tonic solution and then set aside at room tem-
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perature for 45 min. After centrifuged at 3000
r/min for 2 min, the supernatant of lysed eryth-
rocytes were discarded and then washed out
completely as far as possible with hypotonic
solution. The precipitate of karyocytes was re-
suspended with 1 ml of Trizol (Life Technologies,
CA, USA) and then incubated at 4°C for 10 min.
Subsequently, the mixture was added into 200
pl of chloroform, mixed thoroughly, incubated
at 4°C for 10 min and centrifuged at 12,000 r/
min for 10 min at 4°C in order. After that, the
supernatant was gently pipette, transferred to
another sterile centrifuge tube and mixed with
an equal volume of isopropanol thoroughly.
After incubation at 4°C for 10 min, the mixture
was centrifuged at 12,000 r/min for 15 min
and the supernatant was then discarded. The
pellets were rinsed with pre-chilled 80% etha-
nol, air-dried for 5 min at room temperature,
dissolved with 30-100 ul of DEPC-treated
water. Total RNA was stored at -80°C for later
use.

gPCR

Complementary DNA was synthesized with 1 pg
of total RNA in a 10 pl of a reaction mixture con-
taining 10 units of MMLYV reverse transcriptase
(Promega, WI, USA), 1 x transcriptor reverse
buffer, and 500 M dNTPs. The reaction mixture
was incubated at 55°C for 45 min, and then be
stored at -20°C for later use. The qPCR was
performed using PCR Master Mix (Promega, WI,
USA) in a 20 pl of a reaction mixture containing
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Table 1. The mRNA level of MLH1 in HNPCC
family members

amper  Muatin RO e
H2-1 MLH1 mutation 4.3436 x 103
-2 MLH1 mutation 5.4375 x 10°®
-3 MLH1 mutation 4.6078 x 101
-4 No mutation 6.4324 x 10*
H11-1 MSH2 mutation 7.3112 x 10
-2 No mutation 2.3719 x 10*
H17 No mutation NR
H21-1 No mutation 4.1852
-2 No mutation 27.351
H27-1 No mutation NA
-2 No mutation NA
-3 No mutation 51.671
H28-1 No mutation 37.964
-2 No mutation 1.9153 x 10°
-3 No mutation 46.278
H31-1 MLH1 mutation 3.1153 x 10*
-2 MLH1 mutation 3.2621 x 10*
-3 No mutation 47874
H32-1 No mutation 29.436
-2 No mutation 3.3179
-3 No mutation 18.794
H38 MSH2 mutation 8.7201
H45-1 MLH1 mutation 2.9774 x 10°
-2 MLH1 mutation 2.9723 x 10°
-3 No mutation NA
-4 MLH1mutation NA
HB5-1 MSH2 mutation 2.5410 x 103
-2 MSH2 mutation 3.3278 x 10*
HB68-1 MLH1 mutation 4.4365 x 10*
-2 No mutation NR
H99-1 MSH2 mutation 8.8604 x 10°®
-2 MSH2 mutation 3.4362 x 102
-3 No mutation 5.6140 x 10*
H111-1 MLH1 mutation 7.4573 x 10*
-2 No mutation 6.3657
H114-1 MLH1 mutation 3.2365
-2 No mutation 4.7321

*NR, no result. NA, sample absence.

10 pl of PCR Master Mix, 10 pmol of primers,
and 2 ul of cDNA. The PCR amplification condi-
tions were as follows: denaturation at 94°C for
5 min, followed by 40 cycles of denaturation at
95°C for 45 s, annealing at 58 for 45 s, and
extension at 72°C for 45 s. The qPCR assays
were conducted on a DNA Engine Opticon™ 2
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Continuous Fluorescence Detection System
(MJ research, USA). The nucleotide sequences
of primers and probes were as follows: ML-
H1, 5-GTTCTCCGGGAGATGTTGCATA-3’ (forw-
ard), 5-TGGTGGTGTTGAGAAGGTATAACTTTG-3’
(reverse), and FAM-CCTCAGTGGGCCTTGGCAC-
AGC-TAMARA (probe); HBA2, 5-CCGTCTTCCC-
CTCCATCG-3’ (forward), 5-GTCCCAGTTGGTGA-
CGATGC-3’ (reverse), F-CCAGGGCGTGATGGTG-
GGCAT-P (probe).

Statistical analyses

All statistical analyses were performed using
SPSS 11.5 (SPSS Inc., Chicago, IL, USA) and
Graphpad Prism 5 (GraphPad, CA, USA). Non-
parametric test was used to examine the sta-
tistical significance. The area under the receiv-
er operating characteristic (ROC) curve (AUC)
was used for the evaluation of the sensitivity
and specificity of the mRNA level of MLH1 from
peripheral blood as a diagnostic marker for the
detection of HNPCC. A P value < 0.05 was con-
sidered statistically significant.

Results

Standard template, obtained from serially ten-
fold diluted standard sample, was subjected to
gPCR. To produce a standard curve, log value of
the template was plotted vs. the cycle thresh-
old (Ct) value. Figure 1A is the standard curve
of MLH1. The standard curve shows a linear
relationship between the templates and Ct val-
ues with a strong correlation coefficient of r? =
0.996. The range of detection for MLH1 is from
108 to 10°. Figure 1B is the standard curve of
HBA2 and its correlation coefficient is 0.996.
The upper and lower limit of detection for HBA2
is 107 and 10? copies, respectively.

The mRNA level of MLH1 was measured in all
46 HNPCC family members selected according
to Amsterdam Criteria Il. Changes in mRNA
quality and reverse transcription efficiency
were normalized to HBA2. Relative MLH1 gene
expression was determined by copies ratio of
MLH1 to HBA2 and expressed as MLH1/HBA2
x 10°. Relative mRNA expression of MLH1 in
HNPCC family ranged from2.98 x 10°~64.32
(Table 1) and its mean is 10.91. There was
significant difference in mRNA level of MLH1
between HNPCC family members with and with-
out MLH1 mutation (P < 0.001). The levels of
MLH1 in members with MLH1 or MSH2 muta-
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Figure 2. The relative mRNA level of MLH1 in HNPCC
family members with or without MLH1 or MSH2 mu-
tation. The levels of MLH1 in HNPCC family members
with MLH1 mutation were lower than those with wild
type MLH1 (P < 0.001).

100-
80-
xR
2 60
>
% 40
" AUC =0.858
20-
c L] L T T 1
0 20 40 60 80 100

100% - Specificity%

Figure 3. ROC curve of the relative mRNA level of
MLHZ1 in distinguishing HNPCC family members
with or without MLH1 or MSH2 mutation. The rela-
tive mRNA level of MLH1 was a significant predictor
of HNPCC status (cut off: 0.511; Sensitivity: 81.3%,
Specificity: 86.7%. AUC = 0.858; P < 0.001).

tion were lower than those without mutation
(Figure 2).

The ROC curve was constructed to determine
which value of the mRNA level of MLH1 can dis-
tinguish HNPCC from controls. ROC analysis
showed that AUC for the mRNA level of MLH1
was 0.858 (95% confidence interval 0.714 to
1.003) (Figure 3). At an optimal cut-off value of
0.511, the sensitivity and specificity was 81.3%
and 86.7%, respectively.

Discussion

The incidence of colorectal cancer (CRC) is
increasingly worldwide. However, therapeutic
efficacy for CRC is not very optimistic since its
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ten-year survival rate is still being stagnated at
about 50%. Early diagnosis and treatment is
crucial to improve survival rates of CRC. As far
as tumor treatment and prevention is con-
cerned, it is potential and fundamental to
develop effective means from etiopathogenisis
to interfere and interrupt the development and
progression of tumor. CRC can be classified
into two types, sporadic and hereditary CRC,
according to its pathogenesis. HNPCC is a typi-
cal kind of inherited CRC and differs greatly
from sporadic CRC on treatment and follow-up.
Thereafter, it will benefit not only clinical treat-
ment but also genetic consultation to distin-
guish HNPCC from sporadic CRC [18, 19].

Many studies suggested that functional defect
of MMR, which at least includes five genes
(MLH1, MSH2, PMS1, PMS2, MSH®), lead to
the development of HNPCC [19]. The evolution-
ary conserved mismatch repair proteins correct
a wide range of DNA replication errors. Their
importance as guardians of genetic integrity is
reflected by the tremendous decrease of repli-
cation fidelity conferred by their loss. In 1993,
microsatellite instability was observed in HN-
PCC by three uncorrelated study groups at
almost the same time, which immediately made
biogenetic consciousness of the causal rela-
tionship between mutation phenotype and
MMR function defect. Studies in yeast and bac-
teria had shown that microsatellite instability
resulted from mutations in so-called postrepli-
cative DNA MMR genes can cause genome
instability. It was hypothesized that a similar
mechanism might underlie the observed micro-
satellite instability in HNPCC. Though several
methods was used to distinguish HNPCC from
sporadic CRC, including different clinical crite-
ria, microsatellite instability detection, immu-
nohisochemistry and sequencing, no strategy
and device with high efficiency were estab-
lished up to now [15, 20]. Although next gen-
eration sequencing (NGS) can be used to detect
all CRC-associated genes [21], even whole
genome, its high cost makes it unsuitable for
CRC screening in China.

It is hitherto unknown whether there is abnor-
mal MMR expression of peripheral blood at the
MRNA level in HNPCC. This will also help better
understand and elucidate the pathogenesis of
HNPCC. In a previous study, we investigated
mutational genotype and phenotype of MLH
and MSH2 by peripheral blood cDNA sequenc-
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ing analysis in different family selected accord-
ing to Amsterdam Il Criteria of HNPCC and
found two novel MLH1 and three new MSH2
missense mutation [13, 14]. In this study, we
evaluated the mRNA level of MLH1 in HNPCC
family fulfilling Amsterdam Il Criteria and found
a significant difference in mRNA level of MLH1
between members with and without mutation.
Our results indicated that HNPCC patients had
an abnormal MMR expression at the mRNA
level. Moreover, other studies showed that hy-
permethylation of the MLH1 promoter region
was found in 10-15% of sporadic CRC, which
inhibited MLH1 expression [15, 22]. Therefore,
hypermethylation of MLH1 should be excluded
before clarifying the relationship between ab-
normal mRNA expression and MMR muta-
tions.

The definition of normal range of the mRNA
expression of MMR, depending on detection of
large scale non-HNPCC, is certainly required to
judge whether the mRNA level of MMR is nor-
mal or not. Therefore, further studies are re-
quired to validate whether the mRNA level of
MMR in peripheral blood detected by real-time
PCR could be applied as a simple technique to
clinically screen or even diagnose HNPCC.
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