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Abstract
Background: Colorectal cancer (CRC) is the third most common cancer world-wide. The majority of cases occur in the developed world.
This prospective study aimed to correlate different human leukocyte antigens (HLA types; HLA DRB1 and DRB3) with the aggressiveness of CRC in Sudanese patients.
Methods: Thirty-three patients with histopathologically confirmed CRC were included in the study. Demographic, clinical and laboratory data were recorded. Molecular typing for HLA DRB1 (DR1, 7 and 17), DRB3 and DRB4 were carried out using PCR-based Sequence-Specific Primers.
Results: Forty percent of the patients were ≤ 50years; with a male to female ratio of 2.5:1. Rectal bleeding was the commonest presenting symptom. While moderately differentiated adenocarcinoma was the dominant histological type. Duke's stages B and C were reported
in 54.6% and 42.4% of patients, respectively. No patients presented with Dukes stages A or D. HLA DRB3 was the most frequent allele
detected followed by DRB4 and DR17. A higher frequency of the DRB3 allele was found in the peripheral blood when compared with
the tumor and apparently normal tissues. HLA DRB3 and DR7 allele frequencies correlated with Duke's stages B and C but not with age,
sex or degree of differentiation, while blood DR17 antigen correlated only with the degree of tumor differentiation.
Conclusion: CRC was found to have a higher occurrence in younger patients. Tumors were aggressive with advance Duke's stage at
presentation. This aggressive nature could possibly be related to either increased HLA DRB3 or DR7 or decreased HLA DR17 levels in
the tumor tissue when compared with the blood. No differences between tumor and normal colon tissues were found, in concordance
with the multifocally of colon cancer theory.
Keywords: Aggressive Colo-Rectal Cancer; MHC Class II Antigens; Sudan.

1. Introduction
Cancer is the leading cause of death in economically developed
countries and the second-leading cause of death in developing
countries. (WHO.2008). Despite this, cancer is considered as a
lower health priority in Africa compared with other continents.
(Siegel R et al.2012). Sudan is no exception as health policies in
the country are mainly focused on infectious diseases. According
to the National Centre for Health Statistic report, colorectal cancer
(CRC) is the third most commonly diagnosed cancer and the thirdleading cause of deaths in the USA. (Matanoski G et al.2006).
There is limited statistical data on CRC in Sudan. Neither has
molecular and immunological characterization of CRC in Sudanese patients been carried out to our knowledge. The first National
Cancer Registry in Sudan was established in 2009. It was deter-

mined that CRC was the fifth most registered cancer in Khartoum
with a rate of 7.1 per 100.000. (Saeed E et al.2014).
The immune system plays an important role in tumor growth and
metastasis. (Menon A et al.2004). Evasion and suppression of the
immune system are two important abilities that cancer cells acquire during the process of tumorigenesis. (Cavallo F et al.2011).
For many decades, CRC has been viewed as an example of a poorly immunogenic tumor; however, recent evidence suggests that
there are significant host interactions with this type of cancer.
(Shunyakov L et al.2004). This highlighted the presence of immune responses that are associated with improved prognosis,
which probably alter the natural history of CRC. (Shunyakov L et
al.2004).
The major histocompatibility complex (MHC) antigens have
gained interest due to their impact on human diseases. Only recently the role of MHC antigens in cancer has been established,
showing that some haplotypes are connected to prognosis and
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survival. (Giuseppe VM et al.2010).Selected patients with unfavorable HLA types might benefit from more radical primary surgery, sentinel node biopsy if applicable and more extensive adjuvant treatments. On the other hand, patients with favourable haplotypes can be identified in earlier stages before the development
of metastatic disease and thereby provide a larger window of opportunity for early intervention, intensive follow-up, and aggressive treatment. (Giuseppe S et al.2014).
MHC class II antigens can be conditionally expressed by all cell
types, but are normally expressed only on professional antigenpresenting cells (APCs): macrophages, B cells and especially dendritic cells (DCs). MHC class II molecules are also expressed by a
variety of malignant tumors of different embryological origin.
(Daar AS et al.1984). The highest frequency of these molecules
has been reported in renal cell carcinoma (De Bruin EC et
al.2008), medullary breast carcinoma (Lazzaro B et al.2001)and
melanomas. (Taramelli D et al.1986).
Conflict information is available about the clinical significance of
MHC class II antigen expression in CRC tumor tissues. MHC
class II antigen expression in CRC tumors tissues has been reported to be associated with favourable prognosis. (De Bruin EC et
al.2008), (Lovig T et al.2006).Others al .2006). Others unfavourable unfavorable where it it has shown MHC class II antigens expression in CRC cells was not associated with the clinical course
of the disease (Moller P et al.1991, Mulder WM et al.1997,
Diederichsen A et al.2003).
Information about MHC class II antigen expression in CRC tumor
tissues and its clinical significance may contribute to our understanding of the role of these molecules in the interactions of CRC
tumors with the host's immune system to design new strategies to
modulate these interactions. In the present study, the frequencies
of HLA class II antigens in a cohort of Sudanese patients with
CRC were determined. Possible correlations of these antigens with
the clinical data and histopathological characteristics of the tumors
were also assessed.

2.4. DNA extraction

2. Materials and methods

3.1. Demographical data

2.1. Ethical consideration
This study was approved by the Ethics and Scientific Committees
of the Institute of Endemic Diseases, University of Khartoum.
Patients with colorectal cancer diagnosed by colonoscopy and
confirmed by histopathology, who were admitted to Ibn Sienna
GIT Specialized Centre and Khartoum Teaching Hospital and
provided consents were included in the study. Patients younger
than 18 years were excluded from the study.

2.2. Study participant information
Demographic, clinical and laboratory data were collected on a
uniquely designed case record form (CRF) and the IBM-SPSS
Statistics version 20 was used for data entry and analysis. Demographic data included age, sex and other parameters.
Clinical information collected included haematological parameters; white blood cell count (4-10 X 109/L), platelet count (130400 X 109/L), red blood cell count (Male 4.4-5.7 X 1012/, Female
4.0-5.2 X 1012/L) Renal function information included creatinine
concentration (Female 50-90 µmol/L, Male 70-120 µmol/L), sodium level (135-145 mmol/L) and potassium concentration (3.5-5.0
mmol/L).

2.3. Biological specimens
Blood (2.5 mL) was collected into EDTA tubes. Tissue was collected from the tumor site and examined post-operatively by a
histopathologist. All tissue biopsies were placed in 25 mL lysis
buffer and stored at -20ºC until analysis.

DNA extraction from blood was carried out using the guanidine
chloride method modified from Blakwell Laboratories Cambridge
UK. (Bruce A et al.1996). DNA from tissue was obtained using
the GeneJET™ Genomic DNA Purification Kit (Thermo Scientific) according to the manufacturer’s protocol.
DNA concentration was measured and purity was determined
using a Nanodrop spectrophotometer (Thermo Scientific, Hudson,
New Hampshire 03051, USA). Samples with DNA concentrations
above 50 ng/mL and purity above 1.8 were used for analysis.
PCR amplicons were run on a 1% agarose gel containing 0.5
µg/mL ethidium bromide. The gel was visualised under UV light
using a FireReader Gel documentation system (Uvitec, UK).

2.5. Tissue typing
HLA class II (DRB1, DRB3, DRB4, DRB5) amplification and
typing were carried out using HLA-SSP (PCR-based SequenceSpecific Primers) typing kits (Bio-Rad Medical Diagnostics,) according to the manufacturer’s instructions.
The presence or absence of the various amplicons was documented.
Characterization of the PCR products was done using Agarose gel
electrophoresis (submarine electrophoresis) with the whole volume of the PCR product (10 µL/ each well) was loaded into the
gel wells and electrophoresis at 100 mV for 20 min. The gel was
viewed and photographed on the UV illuminator using Canon (PC
1234), 8 Mega Pexil camera.
Gel results interpretation was based on whether a specific band is
present on the gel or not. For evaluation, the pattern of the specific
bands is transferred to the result sheet.

3. Results

Thirty-three Sudanese patients with histologically confirmed CRC
were included in this study. Seventy per cent were male, with a
male: female ratio of 2.5:1. The mean patient age was 55.1±13.5
years, with the youngest patient being 30 years old. The mean age
for male patients was 56±13.2 years compared to 52±14.5 years
for females. More than a third (39.4 %) of the study participants
was below the age of fifty. The remaining participants fell in the
age group 51-60 years.

3.2. Clinical data
With regards to tumor location, 54.5% were rectal, 18.2% rectosigmoid, 18.2% left-sided colon and 9.1% right-sided colon. The
presence of blood in the rectum was the most common presenting
symptom (79%). Weight loss was experienced by 66% of patients.
Constipation, abdominal pain, diarrhea and mucus in the rectum
were also reported.
Signs of CRC were present in 21% of patients upon physical examination includingpallor and abdominal mass. Presence of a
rectal mass was found in 50% of patients and was the most commonly encountered sign. Approximately a quarter of the participants were overweight or obese with a mean BMI of 22.3 ± 3.4
kg/m2.
Although blood indices such as total white blood cell count and
platelet counts were within the normal range, anaemia was reported in 60.5% of the patients. Renal function and electrolyte levels
were found to be within the normal ranges (Mean blood urea level
was 24.8 ±7.7 mg/dL, serum creatinine was 0.95 ±0.32mg/dL,
Na+ level was 138.9 ± 3.7mmol/L and K+ level was 3.7 ±
0.4mmol/L).
A single patient had a history of benign or malignant disease,
namely an ovarian cyst. According to the records 10% of patients
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had a family history of benign or malignant tumors and 8% of
schistosomiasis.

3.3. Histology data
Adenocarcinoma was the most prevalent histopathological type of
cancerous tumor. The degrees of differentiation varied: 24.2%
were well differentiated, 15.2% were poorly differentiation and
57.6% were moderately differentiated. Patient's ≤50 years old had
a lower prevalence of highly differentiated tumors, although this
result was not statistically significant when compared to patients >
50 years old. The opposite was true for poorly differentiated tumors, where patients ≤50 years had an increased prevalence of
these tumors compared to patients >50 years with a significantly
lower prevalence (p = 0.02). This finding suggests that the tumors
in the younger patients were more aggressive in nature (Table 1).
Table 1: Staging and Degree of Differentiation of Tumors in
Population
Patients >
Patients ≤ 50
Parameter
years
50 years
Duke’s Stage
11/20
7/12
Stage B
(58.3%)
(55.0%)
9/20
5/12
Stage C
(41.7%)
(45.0%)

the Study

p-value

0.428
0.428

Degree of
Differentiation
Highly

2/12
(16.7%)

6/12(50.0%)
4/12
(33.3%)
***statistically significant difference
Moderately
Poorly

6/20
(30.0%)
13/20
(65.0%)
1/20 (5.0%)

0.200
0.200
0.02***

With respect to the extent to which the tumors metastasized,
Duke’s stages A and D were not observed in the study patients.
More than half (54.6%) of the patients were Dukes’ stage B with
the rest classified as stage C. One patient could not be staged.
Duke’s stages B was diagnosed in 58.3% of patients ≤50 years old
and in 55% of patients > 50 years of age. Duke's stage C was present in 41.7% and 45% of patients younger and older than 50
years of age, respectively.

3.3. HLA class II
The most frequent MHC class detected in the tumors were HLA
DRB3 > HLA DRB4 > DR17 > DR7 (Table 2). The frequencies
of the afore-mentioned antigens in blood were 75.8%, 27.3%,
21.2% and 15.2%, respectively (Table 2).
Irrespective of age, frequencies of expression of MHC antigens
(HLA DRB3, HLA DRB4, DR17 and DR7) in blood, tumors and
apparently normal tissues, were similar.
Expression of HLA DRB3 allele in peripheral blood was increased
to 80% in patients > 50 years old whereas an increase to 69.2%
was noted in patients ≤ 50 years old. The DRB3 expression was
found to be lower in the tumors of patients in both age groups.
The lowest expression of DRB3 was observed in apparently normal tissue; 38.5% in patients ≤ 50 years and 55% in patients >50
years old. Expression of HLA-DR17 in patient's ≤ 50 years old
showed the same trend as HLA DRB3, with the highest level of
expression being present in the blood (30.8%) and lowest expression being found in normal tissue (7.7%). HLA-DR17 expression
followed a different pattern for patients >50 years old, where 15%
were observed in tumors and blood and only 5% in apparently
normal tissue (Table 3).
No significant differences in HLA DRB3 and DR7 distribution
with respect to sex and age were found. A significant difference
was however found with the Duke's stages of the tumors for the

DRB3 antigen (p = 0.002; Table 4) and for the DR7 antigen (p =
0.04; Table 4). HLA DR17 expression in the peripheral blood
differed significantly (p = 0.04) from the degree of tumor differentiation (Table 4).
Table 2: The Frequencies of Different MHC Class II Antigens among
CRC Patient's Blood, Tumor and Apparently Normal Tissues
p-value
p-value
Apparent(differ(differMHC
Tuly
Peripheral
ence
ence
antimors
Normal
Blood
between
between
gen
Tissue
tumor and tumor and
normal)
blood)
19/33
16/33
25/33(75.8
DRB3
(57.6%
0.448
0.316
(48.5%)
%)
)
7/33
9/33
9/33
DRB4
(21.2%
0.421
0.421
(27.3%)
(27.3%)
)
5/33
2/33
7/33
DR17
(15.2%
0.194
0.386
(6.1%)
(21.2%)
)
5/33
4/33
(15.2%
5/33(15.2%) 0.425
0.428
DR7
(12.1%)
)
3/33
4/33
DR1
3/33 (9.1%)
0.268
0.500
(9.1%)
(12.1%)
2/33
4/33
DR4
1/33 (3.0%)
0.166
0.326
(6.1%)
(12.1%)
3/33
2/33
DR8
2/33 (6.1%)
0.356
0.356
(9.1%)
(6.1%)
2/33
1/33(3.0%
DRB5
1/33 (3.0%)
0.326
0.326
(6.1%)
)
Table 3: The Effects of Age on Expression of Different MHC Antigens on
Blood
MHC
Patients ≤ 50
Patients >50
Site
p- value
Antigens
years %
years %
Tumor
53.8%
60%
0.363
DRB3
Normal tissue
38.5%
55%
0.167
Blood
69.2%
80%
0.293
Tumor
30.8%
15%
0.140
DRB4
Normal tissue
15.4%
35%
0.107
Blood
15.4%
35%
0.107
Tumor
15.4%
15%
0.489
DR17
Normal tissue
7.7%
5%
0.374
Blood
30.8%
15%
0.140

4. Discussion
Tumor growth has been reported to be affected by the different
states of HLA expression.(JanewayCA Jr et al.2001). In various
neoplasms, the extent of HLA expression has been associated with
the degree of tumor differentiation and disease prognoses.(Janeway CA Jr et al.2001). However, this has been contradicted. This controversy appears to be ascribed to different tissue
origins of the various tumors as well as to the heterogeneous expression of individual tumor cells. (Wintzer H et al.1990, Goepel
JR et al.1991).
Our study population had twice as many males as females, which
was in concordance with previously published data. (Gao R et
al.2008 &Abotchie PN et al.2012). It has been implied that estrogen has an influence in the development and progression of colon
cancer thereby(Rath-Wolfson L et al .2012), affecting disease
outcome. (Koo J H & Rupert WL.2012, Majek O et al.2013).
Early onset of CRC is increasing in developing countries. (Zahir
M et al.2014) In the current study, approximately 40% of patients
were younger than 50 years old, which presents a higher proportion for the age group detected by Wang et al. (Wang R et al
.2015). This finding agreed with previously published reports on
CRC in Sudanese patients, (Taha M et al .2015, Mohammed MM
et al.2015 &Abdalla A A et al.2007), as well as with reports on
Nigerian patients. (Adesanya AA et al.2000).
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Table 4: Age, Sex, Tumor Stage and Differentiation with
Antigen Distribution
TuTupParamemor
p-value mor
valter
DRB
DR7
ue
3

Male
Sex
Female

15/2
3
(65.2
%)
4/10
(40.0
%)

0.0088
5

7/13
(53.8 0.3632
%)
Age
12/2
>50
0
years
(60.0
%)
6/18
0.0015
B
(33.3
4***
Duke's
%)
stage
12/1
4
C
(85.7
%)
4/8
Highly
(50.0 0.4522
%)
10/1
Degree
Mod9
of differerately
(52.6
entiation
%)
4/5
Poorly
(80.0
%)
19/3
3
Total
(57.6
%)
***statistically significant difference
≤ 50
years

4/23
(17.4
%)

0.29
50

1/10
(10.0
%)
2/13
(15.4
%)

0.48
80

pvalue

6/23
(26.1
%)

0.14
92

3/13
(23.1
%)

0.41
68

4/20
(20.0
%)
0.04
***

4/14
(28.6
%)
0/8

Bloo
d
DR1
7

1/10
(10.0
%)

3/20
(15.0
%)
1/18
(5.6
%)

Respect to DR

3/18
(21.4
%)

0.5

3/14
(21.4
%)
0.11
70

1/8
(12.5
%)

3/19
(15.8
%)

2/19
(10.5
%)

2/5
(40.0
%)

3/5
(60.0
%)

5/33
(15.2
%)

7/33
(21.2
%)

0.04
***

The results of this study are like those from the Far East which
found that the most common histological type of tumor found in
CRC are well or moderately differentiated mucinous, adenocarcinomas.(Matsushita K et al .2006). Furthermore, the anatomical
sites of the tumors (rectum or recto-sigmoid) are similar to the
current findings.
All cases in this study were diagnosed as Duke's stage B or C,
with the absence of stage A and D seen. This is in contrast to studies from the East where Duke’ stages A and D were reported.
(Matsushita K et al.1996).This difference may be due to the advanced nature of CRC in Sudanese patients. This explains the
higher percentages of Duke's C and D. (Mohammed MM et
al.2015). The absence of patients with Duke's stage A is in line
with our hypothesis that states that Sudanese colorectal cancer is
aggressive.
An increased expression of the HLA DR antigen at the cell surface
is seen as a marker for immune stimulation. HLA DRB3 was
highly expressed in the DNA samples obtained from blood compare to other sites especially for older patients (> 50 years) while
those patients also showed low expression of HLA DR17. HLA
DRB3 was also present in high frequencies in blood, tumors as
well as apparently normal tissues in older patients (>50 years)
compared with younger patients (≤ 50 years). Generally, DR17
frequencies were very low compared to DRB3, with their lowest
frequency in apparently normal tissues followed by tumors and
blood respectively.
HLA-DR antigens are responsible for tumor-associated antigen
recognition by CD4+ T cells. (Zeh HJ et al.2001)HLA-DR antigens are expressed on healthy colorectal epithelium, (Mayer L et
al.1991) but are present in colorectal epithelium of inflammatory
bowel disease as well as in cancer cells. This is due to the effects

of interferon--γ (IFN--γ) Which may or may not be acting in combination with tumor necrosis factor (TNF)-α. (Satoh A et al.2004).
Patients with poorly differentiated adenocarcinoma had a higher
amount of HLA DR17 in their blood compared to tumor tissue.
The normal tissues showed an absence of HLA DR17. With regard to the highly-differentiated adenocarcinoma, no HLA DR17
was detected in the tumor tissue, and no significant difference was
found in HLA DR17 frequency in blood and apparently normal
tissue.
A higher amount of HLA DR7 antigen was found in patients with
Duke's stage C cancer compared to those with Duke's stage B
cancer (p = 0.04), The HLA DR7 antigen was not detected in
highly differentiated tumors and only an insignificant amount of
the antigen was found in the poorly differentiated tumors. The
HLA DR7 antigen was not detected in the apparently normal tissues of patients with poorly differentiated adenocarcinomas.
In the peripheral blood samples, no difference in antigen concentration was found between different degrees of tumor differentiation.
No significant difference in HLA DRB4, DR7, DR17 and DR1
antigen expression in blood, tumor and apparently normal tissue
samples was detected. These findings are contradictory to that of
McDougall CJ et al (McDougall CJ et al.1990), where a significant reduction in the expression of HLA class II antigens in colonic carcinomas, as compared to control colon mucosa, was found.
These authors stated that the expression of HLA class II antigens
may vary from colon mucosa obtained from healthy individuals as
well as on a histologically healthy colon mucosa obtained from
patients with colon cancer. Furthermore, a lack of expression of
HLA-DR antigens in healthy colon tissue, with an increased expression in CRC tissues due to IFN-γ It has been reported. (Masahiro Iizuka et al.1990), On the contrary, a decreased HLA-DR
antigen expression in cancer cells, but increased expression in
adjacent non-cancerous tissues has been reported. (Matsushita K
et al.2006, Tamiolakis D et al.2005).
HLA DRB3 antigen expression was higher in the peripheral blood
of patients >50 years old compared to those ≤50 years old, while
HLA DR17 expression was higher in the blood of young patients,
≤50 years compared to tumors and apparently normal mucosa.
Neither of these differences, however, were found to be statistically significant. The variable expression levels of the selected HLAclass alleles are widely reflected in literature, and the results can
be attributed to the gradual down regulation of these alleles. (Dierssen JW et al.2006). The similarities found between the tumor
and apparently normal tissues may be due to the fact that apparently normal tissue is not healthy tissue and may be part of the
neoplastic transformation spectrum as was previously described.
(Facista A et al.2012).
The extent of HLA-DR and -DP expression on the colorectal cancerous tissues has been found to be inversely proportional to the
degree of tumor differentiation. (Masahiro Iizuka et al.1990). This
was found to be true for the DR17 antigen which was found in the
highest amounts in the peripheral blood of patients with poorly
differentiated adenocarcinomas. However, no significant increase
in the frequencies of HLA-DRB3 or DR7 in patients with poorly
differentiation adenocarcinoma compared to those with well differentiated ones was found. This result may be due to the small
sample size of the current study.
The higher expression level of DRB3 and DR7 in tumors with
Duke's stage C compared to stage B is in line with what was reported by Matsushita et al. (Matsushita K et al.2006). It has been
shown that patients with Dukes Stages C and D, and a high HLADR antigen expression in cancer cells have a significantly better
prognosis compared to those with weak HLA-DR expression.
(Masahiro Iizuka et al.1990).
The lack of correlation between HLA-DRB3 and DR7 expression
and the degree of differentiation shown in this study has previously been described. (McDougall CJ et al.1990)).Also, no correlation with Duke's stages and HLA-DR-expression was described by
these authors.
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5. Conclusion
[15]

This study found that CRC affected a larger number of people
under the age of 50 years old than what has previously been stated
in literature. CRC tumors tended to become more aggressive in
advanced Duke's stages. This aggressive nature may be attributed
to increasing HLA DRB3 and DR7 antigen expression or decreasing HLA DR17 antigen expression in the tumor tissues.
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