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The aim of this study was to investigate the association between plasma levels of homocysteine and the oc-
currence and progression of rectal cancer.

The 320 study participants included healthy controls (n=80). and patients with rectal tumors (n=240), includ-
ing 155 patients with rectal cancer, Stage | (n=32), Stage Il (n=38), Stage Ill (n=50), and Stage IV (n=35), and
patients with low-risk rectal adenomas (n=31), and high-risk rectal adenomas (n=54). All study participants
had fasting blood samples taken, and plasma levels of homocysteine and carcinoembryonic antigen (CEA) were
measured and compared. Receiver operating characteristic (ROC) curves were prepared to determine whether
single, combined, or series levels of the two markers were diagnostic.

A significantly increasing trend in the plasma levels of homocysteine from the healthy controls, to the individ-
uals with low-risk rectal adenoma, high-risk rectal adenoma, and Stage I-IV rectal cancer were found. There
were no statistically significant differences in the area under the curve (AUC) between the two single factors
of plasma homocysteine and CEA. The AUC showed that the use of combined or parallel measurement of plas-
ma CEA and homocysteine had the greatest diagnostic associations.

Plasma levels of homocysteine were significantly associated with occurrence and progression of rectal cancer.
The combined use of measurement of plasma homocysteine and CEA levels might have the potential to in-
crease the diagnostic efficiency of screening for early rectal cancer.

Carcinoembryonic Antigen ¢ Homocysteine ¢ Rectal Neoplasms

https://www.medscimonit.com/abstract/index/idArt/909217

%2993 E‘ZIS MZI4 %33

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
1776 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




LiuZ. etal.:
Plasma homocysteine levels and rectal cancer
© Med Sci Monit, 2018; 24: 1776-1783

Background

Worldwide, colorectal cancer is the second most common form
of cancer diagnosed in women and the third most common
cancer in men [1]. Although the incidence and mortality rates
of this type of cancer are now declining due to the develop-
ment of novel diagnostic methods and treatments, early-stage
rectal cancer is still difficult to diagnose [2-5]. Colonoscopy,
followed by biopsy and histopathology, are considered to be
the gold standard for the diagnosis of rectal cancer. However,
these invasive techniques are painful for patients, and the
quality of the results can depend on the ability and experi-
ence of the endoscopist [6]. Diagnostic or prognostic biomark-
ers can be detected in the blood samples that are routinely
obtained in the clinic and in hospital, and venepuncture for
blood sampling is a less invasive procedure for the detection
of diagnostic or prognostic biomarkers that may be associat-
ed with the presence of rectal cancer [7,8]. Currently, there are
several non-specific serum and plasma tumor markers, includ-
ing carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA19-9), which have been widely used in the diagno-
sis and post-treatment follow-up of patients with gastric can-
cer [9]. CEA is also the most commonly used serum and plas-
ma marker for tumors of the gastrointestinal tract. However,
both CA19-9 and CEA have been shown to have low sensitiv-
ity and low specificity as cancer biomarkers [9].

Methylation of regulatory portions of tumor suppressor genes
is a common feature of human cancers [10,11]. There is evi-
dence to support that the process of carcinogenesis of rectal
tumors might be initiated by the activation of proto-oncogenes
by hypomethylation or hypermethylation of their promoter re-
gions, or through inactivation of tumor-suppressor genes by
hypermethylation [12]. Homocysteine was chosen for this study
based the findings from previously published studies that have
shown that increased plasma homocysteine levels were asso-
ciated with in vitro cell proliferation rates in a variety of tumor
types [13,14], as well as with oxidative damage to cells [15].

Hyperhomocysteinemia can increase the overproduction of ox-
ygen free radicals through homocysteine oxidation and can in-
hibit DNA methylation in tissues through a simultaneous in-
crease in intracellular S-adenosyl-L-homocysteine (SAH) [16,17].
Therefore, on the basis of previously published studies, there
is support for the potential role of detection of increased lev-
els of homocysteine in some cancers, including rectal cancer,
with the possible a correlation between plasma levels of ho-
mocysteine and occurrence and progression of rectal cancer.

The association between plasma homocysteine level and the
occurrence and progression of rectal cancer is a recent topic of
interest a previously published study has proposed homocys-
teine as a new tumor marker since it reflects the proliferation
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rate of tumor cells and also tumor cell death [17]. Therefore,
the aim of this study was to investigate the association be-
tween plasma levels of homocysteine, and the more common-
ly used plasma biomarker, CEA, and the occurrence and pro-
gression of rectal cancer.

Material and Methods

Subjects studied

A controlled clinical study was conducted between May 2015
and June 2017. The study participants were recruited from
the Department of Gastroenterology, Department of General
Surgery, Department of Oncology, and the Physical Examination
Centre of Qilu Hospital, a teaching hospital of Shandong
University in Shandong, China.

The study included patients with rectal adenomas, as these are
known to be the precursors of most large bowel cancers [18-21].
Colorectal adenomas are classified as low-risk and high-risk
adenomatous polyps based on the NCCN 2017 guidelines. In
the 2017 edition of the NCCN guidelines, the tumor diame-
ter greater than 1cm, or high grade dysplasia called advanced
adenoma, defined as follows: polyps or lesion diameter great-
er than 10 mm; villous adenoma, villous adenoma or mixed
structure >25%; with high grade intraepithelial neoplasia; one
of the above 3 conditions then the diagnosis of high-risk ad-
enoma. Rectal cancer can be divided into four stages based
on results of preoperative examinations, including imaging,
and on postoperative pathology, including the examination of
lymph nodes. In this study, rectal cancer was staged as Stage
I-IV, according to the tumor, node, metastasis (TNM) staging
system of the International Union Against Cancer (UICC) [22].

The 320 study participants included healthy controls (n=80).
and patients with rectal tumors (n=240), including 155 pa-
tients with rectal cancer, Stage | (n=32), Stage Il (n=38), Stage
[l (n=50), and Stage IV (n=35), and patients with low-risk rec-
tal adenomas (n=31), and high-risk rectal adenomas (n=54).
All study participants provided written informed consent be-
fore being enrolled into the study.

Study inclusion and exclusion criteria

All participants included in the study had no history of heart
disease, renal impairment (normal serum creatinine and as-
partate aminotransferase), respiratory disorders, liver disease
(normal glutamic oxaloacetic transaminase or glutamic pyru-
vate transaminase >40 IU/L), diabetes mellitus (antidiabet-
ic drug history or fasting plasma glucose concentration >7.0
mmol/l or 2-hour post-prandial plasma glucose >11.1 mmol/l),
no gastrointestinal disorders, cancer and metabolic diseases.
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Table 1. Age, gender, and plasma homocysteine levels in the two groups studied, including the healthy controls, cases of rec-

tal tumor.

Characteristics Healthy (n=80)

Hcy (umol/L)

11.17+2.67

15.77+4.92

Tumor (n=240)

Values with a different superscript letter have statistically significant differences between the groups. P<0.05.

Study participants had normal blood chemistry results and
no weight change exceeding +4 kg within the previous year.
Women who were pregnant or who were breastfeeding were
excluded from the study. Participants were excluded if they
had a history of cardiovascular or cerebrovascular disease, en-
docrine disease, any other malignancies, renal disease, hepat-
ic insufficiency, current intake of any medication that could
potentially influence the concentration of homocysteine, in-
cluding treatment with H2 antagonists, proton pump inhibi-
tors, metformin, phenytoin, or methotrexate.

Data collection

The age and gender of all study participants were recorded.
Fasting venous blood samples were drawn and collected in va-
cutainer tubes. These blood samples underwent an enzymatic
cycling assay and electrochemiluminescence, which measured
the level of homocysteine and carcinoembryonic antigen (CEA)
in the plasma. These plasma assays were performed, and the re-
sults were provided, by the Department of Laboratory Medicine
at Qilu Hospital, affiliated with Shandong University. The con-
centration of plasma homocysteine was determined using an
enzymatic cycling assay on an automatic immunity biochem-
ical analyzer (Roche Cobas 8000) (Roche Diagnostics GmbH,
Mannheim, Germany) using reagents and calibrators (Beijing
Strong Biotechnologies, Inc., China). The concentration of CEA
was determined using an electrochemiluminescence automatic
immunoassay system (Roche Cobas e601) (Roche Diagnostics
GmbH, Mannheim, Germany) using reagents and calibrators
(Beijing Strong Biotechnologies, Inc., China).

The normal laboratory range for plasma homocysteine was
0-14 pmol/|, and hyperhomocysteinemia was defined as a
homocysteine concentration >14 pmol/l[23]. The laboratory
normal range for plasma CEA was 0-5 ng/ml.

Statistical analysis

All experimental data were analyzed using SPSS software
version 22.0 (SPSS Inc., Chicago, IL, USA) and the statistical

software package available for Windows, R-3.3.2. Data for
plasma homocysteine and age were presented as the mean +
standard deviation (SD). Differences between the two groups,
plasma homocysteine and CEA, were assessed using a t-test.
Differences between multiple groups were assessed using
analysis of variance (ANOVA). Differences between two adja-
cent groups were analyzed using the least significant differ-
ence (LSD) method. Logistic regression analysis was used to
analyze the trend in P-values. Study participant gender was
presented by percentage, and their differences were assessed
using the chi-squared test (x? test). A statistically significant
difference was considered to be P<0.05.

Results

The association between plasma homocysteine levels and
the occurrence of rectal cancer

Table 1 shows the association between plasma homocyste-
ine levels and the occurrence of rectal cancer, compared with
the healthy control individuals. Study participants with rectal
tumors had significantly increased levels of plasma homocys-
teine compared with the healthy controls (P<0.05). Further
comparisons were made in plasma homocysteine levels, in-
cluding between the two groups of patients with rectal ade-
noma and rectal cancer; between the three groups of patients
that included healthy controls, patients with rectal adenoma
and with rectal cancer (Table 2). Study participants with rec-
tal cancer had significantly increased levels of homocysteine
compared with patients with rectal adenoma (P<0.05) and
compared with healthy controls (P<0.05).

Study participants included normal control subjects, and pa-
tients with rectal adenoma were divided into two groups that
included patients with low-risk adenomas and patients with
high-risk adenomas. Patients with rectal cancer were divided
into four groups, Stage I-IV. Plasma homocysteine levels of
these seven groups were compared, and the results are shown
in Table 3. Patients with Stage | rectal cancer had significantly
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Table 2. Age, gender, and plasma homocysteine levels in the three groups studied, including the healthy controls, cases of rec-
tal adenoma, and rectal cancer.

Characteristics I-(I::lst:)y A;ine:;) :)'a
Gender
”””” No.ofmale ) 47(37) 5158
”””” Nooffemale®s) 33 (270)  34@79)
g 511961253 550211088
Moy (moln) 178267 13661335

Cancer Chi square value/
(n=155) t value
0.916 0.632
w0609
"""" ss@sy
Cseazszi o188 <0001
C1eo3ss2s 51304 <001

Values with a different superscript letter (a, b, ¢) have statistically significant differences between the groups. P<0.05.

Table 3. Age, gender, and plasma homocysteine levels in healthy controls and patients with rectal adenoma (low-risk and high-

risk) and rectal cancer (Stage I-IV).

- Healthy Low-risk  High-risk Stage |
h
Characteristics (n=80) (n=31) (n=54) (n=32)
Gender
No. of male 47 19 32 19
(%) (23.7) 9.6) (16.2) 9.6)
No. of 33 12 22 13
female (%) (27.0) 9.8) (18.0) (10.7)
Ao () 51.19 56.58 54.13 57.03
sely +12.53 +11.73 +10.37 +10.21
Hey 11.17 13.12 13.97 14.45
(umol/L) +2.67° +3.25P +3.40° +4.65°

Chi square

Stage Il Stage Il Stage IV

_ = b value/ p Value
(n=38) (n=50) (n=35) t value
1403 0.966
25 33 23
(12.6) (16.7) (11.6)
13 17 12
(10.7) (13.9) 9.8)
60.50 57.40 57.77
£1323 11205  +1276 3521 0002
16.64 17.19 19.15
14704 15470 s521c 21893 <0001

Values with a different superscript letter (a, b, ¢, d, e) have statistically significant differences between the groups. P<0.05.

increased levels of homocysteine compared with healthy con-
trols (P<0.05). The results shown in Table 2 and Table 3 were
consistent with those shown in Table 1.

The findings of these results indicated that increased levels of
plasma homocysteine were significantly associated with the
occurence of rectal cancer. The findings showed that the op-
timal, or critical, value for the plasma homocysteine level that
distinguished between patients with rectal lesions and healthy
controls was 14.45 umol/l; the optimal, or critical, value for
the plasma homocysteine level that distinguished between pa-
tients with rectal cancer and rectal adenoma was 15.4 pmol/l
(Figures 1, 2; Tables 4, 5). In this study, a plasma homocyste-
ine concentration >14 pmol/l was used to define hyperhomo-
cysteinemia [24]. Therefore, the findings of this study showed
that hyperhomocysteinemia was significantly associated with
the occurrence of rectal cancer.
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The association between plasma homocysteine levels and
the progression of rectal cancer

The plasma levels of homocysteine between the three groups
(healthy controls, rectal adenoma and rectal cancer) were com-
pared (Table 2). There was a significant and increasing trend of
plasma homocysteine levels between the three groups (P<0.001,
with a significant overall trend (P<0.001). These findings sup-
ported an association between plasma homocysteine levels
and progression of rectal cancer from normal, to rectal adeno-
ma, to rectal cancer. To verify this finding, further comparisons
were made between the seven groups of individuals studied
(the healthy controls, patients with low-risk and high-risk ad-
enomas, and patients with Stage I-IV rectal cancer) (Table 3).
Comparison of the plasma homocysteine levels in the seven
groups showed a significantly increasing trend (P<0.001) from
normal control subjects, to patients with low-risk and high-
risk adenomas, and to patients with Stage I-IV rectal cancer.
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Figure 1. Receiver operating characteristic (ROC) curve of plasma

levels of homocysteine and carcinoembryonic antigen
(CEA) between the healthy controls and the groups

of patients with rectal tumors (rectal adenoma and
rectal cancer). There were no statistically significant
differences in the area under the curve (AUC) between
plasma homocysteine and carcinoembryonic antigen
(CEA) (p=0.72). Additional parameters, including the
optimal critical value, the 95% confidence interval (Cl),
specificity, and sensitivity, are presented in Table 4.

Figure 2. Diagnostic efficiency of detection of combined plasma
homocysteine and carcinoembryonic antigen (CEA)
levels between the healthy controls and the groups of
patients with rectal tumors (rectal adenoma and rectal
cancer). S — series diagnosis. Plasma homocysteine
>14.45 pmol/| and carcinoembryonic antigen (CEA)
>5 ng/ml were associated with the presence of rectal
tumors. P — parallel diagnosis. Plasma homocysteine
>14.45 pmol/l or CEA >5 ng/ml were associated with
the presence of rectal tumors. The area under the
curve (AUC) for parallel diagnosis was greater than the
series diagnosis. Additional parameters, including the
optimal critical value, the 95% confidence interval (CI),
specificity, and sensitivity, are presented in Table 4.

Table 4. The parameters of the diagnostic methods between rectal tumors and healthy controls: the content of this table is

supplemental data to Figure 1 and Figure 2.

Parameters

Sensitivity (%)

Parallel diagnosis

Series diagnosis

The contents of this table are supplemental data to Figure 1 and 2.

Table 5. The parameters of the diagnostic methods between rectal cancer and rectal adenoma: the content of this table is

supplemental data to Figure 3 and Figure 4.

Parameters

Sensitivity (%) 57.42 54.83

Parallel diagnosis Series diagnosis

The contents of this table are supplemental data to Figure 3 and 4.
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Figure 3. Receiver operating characteristic (ROC) curve of
homocysteine and carcinoembryonic antigen (CEA)
levels between the patient groups with rectal cancer
and rectal adenoma. There were no statistically
significant differences in the area under the curve
(AUC) between plasma levels of homocysteine and
carcinoembryonic antigen (CEA) (p=0.21). Additional
parameters, including the optimal critical value, the
95% confidence interval (Cl), specificity, and sensitivity,
are presented in Table 5.

Plasma homocysteine and carcinoembryonic antigen (CEA)
levels and the detection of rectal cancer

To analyze whether the measurement of plasma homocysteine
had potential diagnostic value in screening patients for rectal
cancer, the receiver operating characteristic (ROC) curves were
prepared and used in two scenarios, between the individuals
with rectal tumor and the healthy controls (Figures 1, 2), and
between the patient groups with rectal cancer and rectal ad-
enoma (Figures 3, 4). In the former, the ROC curve was used
determine single factor diagnostic association, for carcinoem-
bryonic antigen (CEA) or homocysteine. There were no statis-
tically significant differences in area under the curve (AUC)
between the two single factors of plasma homocysteine and
CEA, which were 0.707 and 0.688, respectively.

Additional parameters were assessed for the diagnostic asso-
ciations of plasma homocysteine and CEA, including the opti-
mal critical value (14.45 mmol/l and 1.45 ng/ml, respectively),
with the 95% confidence interval (Cl), specificity, and sensi-
tivity shown in Table 4. There were no statistically significant
differences in the AUC between the two kinds of single factor
markers, plasma homocysteine and CEA (P>0.05). These results
might indicate that both biomarkers, homocysteine and CEA,
had the same diagnostic value in screening for rectal tumor.

Figure 4. Diagnostic efficiency of the combination of plasma
homocysteine and carcinoembryonic antigen (CEA)
levels between the patient groups with rectal cancer
and rectal adenoma S - series diagnosis. Plasma
homocysteine >15.40 pymol/l and carcinoembryonic
antigen (CEA) >5 ng/ml were associated with the
presence of rectal cancer. P — parallel diagnosis.
Plasma homocysteine >15.40 pmol/l or CEA =5 ng/ml
were associated with the presence of rectal cancer.
The area under the curve (AUC) for parallel diagnosis
was greater than the series diagnosis. Additional
parameters, including the optimal critical value, the
95% confidence interval (Cl), specificity, and sensitivity,
are presented in Table 5.

To further investigate the study findings on the value of the
combined biomarkers, homocysteine and CEA, their parallel
use in diagnosis and series diagnosis were analyzed, with the
findings shown in Figure 2. From this analysis, a plasma level
of CEA >5 ng/ml was associated with the presence of a rectal
lesion, including rectal cancer. When combining plasma homo-
cysteine and CEA levels to make the parallel diagnosis, plasma
homocysteine >14.45 pmol/|, or CEA >5 ng/ml were associat-
ed with the presence of rectal tumor, and the AUC was 0.711.
When combining homocysteine and CEA values to make the
series diagnosis, plasma homocysteine levels >14.45 pmol/|,
and plasma CEA levels >5 ng/ml were associated with as rectal
tumor, and the AUC was 0.518. The AUC of parallel diagnosis
was greater compared with the other forms of series diagno-
sis. In the latter, te AUC of plasma homocysteine and plasma
CEA levels were 0.701 and 0.754, respectively.

Additional parameters for homocysteine and CEA levels were
included the optimal critical value (15.40 mmol/l and 3.93
ng/ml, respectively), with the 95% Cl, specificity, sensitivity,
shown in Table 5. There were no statistically significant differ-
ences in the AUC between two kinds of single factor plasma
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marker (P>0.05). When combining plasma homocysteine and
CEA levels to make the parallel diagnosis, plasma homocys-
teine >15.40 pmol/l or plasma CEA >5 ng/ml were associat-
ed with the presence of rectal cancer, and the AUC was 0.743.
When combining plasma homocysteine and CEA levels to make
the series diagnosis, plasma homocysteine >15.40 pmol/l and
plasma CEA >5 ng/ml were associated with the presence of
rectal cancer, and the AUC was 0.617, as shown in Figure 4.
The AUC of the parallel plasma marker diagnosis was greater
than the series diagnosis.

Discussion

Homocysteine is an intermediate compound required in the
trans-sulfuration synthesis pathway of cysteine from methi-
onine. Methionine synthase is encoded by the MTR gene and
catalyzes the remethylation of homocysteine to methionine
to maintain adequate intercellular folate levels, required for
DNA synthesis, methylation, and homeostasis [29]. Although
the association between plasma levels of homocysteine and
the development of rectal cancer has been previously studied,
the findings of previously published studies have been incon-
sistent and inconclusive, with some study findings showing a
significant association [24,25], while other studies showed no
association [26-28]. Therefore, the aim of this study was to
investigate the association between plasma levels of homo-
cysteine and the occurrence and progression of rectal cancer.
The study included seven study groups, normal control sub-
jects, patients with low-risk and high-risk adenomas, and pa-
tients with Stage I-1V rectal cancer. The findings of this study
showed that plasma levels of homocysteine were significant-
ly associated with occurrence and progression of rectal can-
cer, but the combined use of measurement of plasma homo-
cysteine and CEA levels were more significantly associated
with this progression.

In the present study, the results of the plasma homocysteine
levels, when compared in each group studied are presented
in Tables 1-3. The findings of increasing release of homocys-
teine into the plasma in patients with rectal tumor (adenoma
and rectal cancer) might be explained as being due to impaired
metabolic function, poor nutrition or inadequate absorption,
particularly of folic acid, which affects the methionine cycle.
Furthermore, due to the rapid proliferation of tumor cells,
more folic acid and vitamin B12 might be consumed, result-
ing in reduced concentrations of folic acid and vitamin B12,
which further affects the metabolism of homocysteine and in-
creases the levels of homocysteine in plasma. Previously pub-
lished studies have indicated that the increase in plasma levels
of homocysteine was not only related to a decrease in folate
and vitamin B12, but also to the methionine-dependent pro-
liferation rate of cancer cells in tumors of the gastrointestinal
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system [30]. A recently published meta-analysis of epidemio-
logical studies indicated a relationship between homocysteine
and rectal cancer, but these findings are difficult to interpret
due to the very large degree of heterogeneity across studies
(OR, 1.40; 95% Cl, 1.19-1.66) [31]. Also, there are many poten-
tial confounding factors for any clinical study on rectal cancer,
including patient age, gender, total cholesterol levels, blood
pressure, creatinine, and smoking, which might be associated
with elevated levels of plasma homocysteine. In the present
study, although study participants were recruited according
to strict inclusion and exclusion criteria to rule out the possi-
ble influences of those confounding factors on the relation-
ship between plasma homocysteine levels and rectal cancer.

This study had several limitations, including the relatively small
number of subjects in each group of study participants, which
might have been a confounding factor in the results. For ex-
ample, the study results presented in Table 3 showed that
there are no statistically significant differences in plasma ho-
mocysteine levels between some of the groups, including pa-
tients with Stage Il and Il rectal cancer, between Stage | rec-
tal cancer and high-risk rectal adenoma, and between Stage
I rectal cancer and low-risk rectal adenoma. The trend of sta-
tistical significance between the groups in the seven groups
studied (normal control subjects, patients with low-risk and
high-risk adenomas, and patients with Stage |-V rectal can-
cer) was not clear (P>0.05). Also, this study was designed as a
case-controlled study, and it was only possible to observe the
relationship between plasma homocysteine levels and rectal
cancer at a single point in time. Therefore, the long-term ef-
fects on plasma homocysteine levels in these study partici-
pants was not assessed in this study.

Currently, the most commonly used diagnostic plasma bio-
markers for rectal cancer rectal cancer markers are CEA and
carbohydrate antigen 19-9 (CA19-9), even though they have
low sensitivity and specificity in screening for early rectal can-
cer [31,32]. Some studies have suggested that the sensitivi-
ty and specificity of CEA are 68.60% and 59.30%, respectively
and CA19-9 has been reported to have a sensitivity of 55.90%
and a specificity of 60.50% [33]. In this study, the compara-
tive results using area under the curve (AUC) analysis in four
types of diagnostic approach are shown in Figures 1-4, and
in Table 5. These results suggest that both plasma biomark-
ers, homocysteine and CEA, had the same diagnostic value in
screening for rectal cancer. The implications of these findings
are that the use of the combination of homocysteine and CEA
might increase the diagnostic efficiency of screening patients
for early rectal cancer. However, the findings from this pre-
liminary study require further investigation using large-scale,
controlled studies.
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Conclusions

The findings of this study showed that plasma levels of ho-
mocysteine were significantly associated with occurrence
and progression of rectal cancer and that the combined use
of measurement of plasma homocysteine and carcinoembry-
onic antigen (CEA) levels might have the potential to increase
the diagnostic efficiency of screening for early rectal cancer.
Also, these results might provide a new approach to screen-
ing for early rectal cancer using routine blood samples. Future,
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large-scale, controlled, multicenter studies are required to val-
idate the findings of this preliminary study. Also, further stud-
ies on the role of homocysteine in carcinogenesis of tumors
of the gastrointestinal tract might improve the understand-
ing of the mechanisms underlying the development and pro-
gression of rectal cancer.
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