
McCabe et al. BMC Cancer         (2022) 22:1089  
https://doi.org/10.1186/s12885-022-10185-3

RESEARCH

Left‑sided colorectal cancer distinct 
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Abstract 

Introduction:  A large proportion of indigenous African (IA) colorectal cancer (CRC) patients in South Africa are 
young (< 50 years), with no unique histopathological or molecular characteristics. Anatomical site as well as micros-
atellite instability (MSI) status have shown to be associated with different clinicopathological and molecular features. 
This study aimed to ascertain key histopathological features in microsatellite stable (MSS) and low-frequency MSI 
(MSI-L) patients, to provide insight into the mechanism of the disease.

Methods:  A retrospective cohort (2011–2015) of MSS/MSI-L CRC patient samples diagnosed at Charlotte Maxeke 
Johannesburg Academic Hospital was analyzed. Samples were categorized by site [right colon cancer (RCC) versus 
left (LCC)], ethnicity [IA versus other ethnic groups (OEG)] and MSI status (MSI-L vs MSS). T-test, Fischer’s exact and Chi-
square tests were conducted.

Results:  IA patients with LCC demonstrated an increased prevalence in males, sigmoid colon, signet-ring-cell mor-
phology, MSI-L with BAT25/26 marker instability and advanced disease association.

Conclusion:  This study revealed distinct histopathological features for LCC, and suggests BAT25 and BAT26 as nega-
tive prognostic markers in African CRC patients. Larger confirmatory studies are recommended.
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Introduction
Right-sided colon cancer (RCC) and left-sided colon 
cancer (LCC) show distinct mechanisms of develop-
ment and are associated with different clinicopathologi-
cal features [1–3]. During embryological development, 
the RC develops from the midgut and the LC from the 
hindgut, supporting the view that RCC and LCC develop 
through different developmental/embryological path-
ways genetic mechanisms [1, 4]. The incidence of RCC 

(~ 30%) is lower than LCC (~ 70%). RCC presents with 
larger tumours, a higher rate of tumour node metasta-
ses (TNM stage), mucinous features, and comprises of 
an overall poorer survival than LCC [1, 2, 4–6]. Older 
female patients are at higher risk of developing RCC 
compared to younger male patients associated with 
increased risk of developing LCC [1]. The literature 
shows population groups with a lower risk of develop-
ing CRC moving to high-risk areas acquire the risks 
associated with the new area, and this could be linked 
to dietary, environmental, cultural and genetic factors [1, 
7]. This speaks to a possible role for the increasing inci-
dence of CRC in indigenous African (IA) patients mov-
ing from rural to urbanized areas [8–10].
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There are 3 main pathways involved in the develop-
ment of CRC: 1) Microsatellite instability (MSI) caused 
by a defective mismatch repair (MMR) system, most 
often (~ 70–95%) caused by an alteration of MLH1,2) 
Chromosome instability (CIN) pathway which develops 
due to gross chromosomal changes and 3) the CpG island 
methylator phenotype (CIMP) pathway, arising through 
methylation of CpG islands in promoter sequences, lead-
ing to inactivation of tumour suppressor genes through-
out the genome [11, 12]. MSI and CIMP tumours mostly 
occur in the right colon, whereas CIN CRC is associated 
with LCC [11, 13, 14]. Four main consensus molecular 
subtypes (CMS) were established in 2015. These are dif-
ferentiated by unique molecular features: CMS1 (14%, 
MSI pathway, immune activation); CMS2 (37%, Canoni-
cal WNT/MYC pathway, epithelial signature); CMS3 
(13%, epithelial and metabolic dysregulation), and CMS4 
(23%; Mesenchymal TGF- β pathway; stromal invasions 
and angiogenesis) [11, 15].

To date, fewer research outputs on low frequency 
microsatellite instability (MSI-L) CRC have been pub-
lished compared to MSI-H and MSS CRC. MSI-L is 
usually grouped with MSS CRC, as literature states 
all CRCs display some level of MSI [16, 17]. Some 
researchers interpret MSI-L tumours as precursors of 
MSI-H CRC, whereas others believe it to be a com-
pletely separate entity [18, 19]. MSI-L tumours have 
illustrated different clinicopathological features and 
have been considered to be a worse prognostic group 
in a few CRC studies [20–23]. Jass et al. reported that 
MSI-L LCC showed distinctive clinicopathological 
features, with a male predilection, a moderately dif-
ferentiated histopathological grade, KRAS mutations, 
CIMP-Low status and DNA aneuploidy. In contrast, 
MSI-L RCC was found to occur more frequently in 
females, being associated with a serrated adenoma pre-
cursor lesion, mucinous adenocarcinoma histological 
subtype and poorly differentiated grade. BRAF muta-
tions, CIMP-High status and diploid DNA content, 
features associated with a worse prognosis, were also 
associated with the MSI-L RCC group [24].

A disproportionate number of indigenous African (IA) 
patients display a younger age of onset (< 50 years of age) 
with no distinct histopathological features to assist with 
early diagnosis and management [25–28]. Previous work 
by McCabe et al. described MSI-H CRC in detail accord-
ing to ethnicity groups and found an increased associa-
tion of MSH2/MSH6 MMR protein expression loss in 
right sided CRC in young IA patients [29]. This study 
aims to characterize proficient MMR (MSS/MSI-L) CRC, 
by ethnicity (IA versus OEG) and anatomical site (LCC 
versus RCC), to potentially identify a unique subtype 
associated with young IA CRC patients.

Methodology
Patient demographics and tumour histopathological 
characterization
This retrospective study was conducted on a 5-year 
cohort (2011–2015) of 428CRC patient samples with 
known anatomical site and MMR status, diagnosed at 
the Charlotte Maxeke Johannesburg Academic Hospi-
tal (CMJAH) branch of the National Health Laboratory 
Service (NHLS). Informed consent was waived by the 
Human Research Ethics Committee (HREC) (Medical) 
of the University of the Witwatersrand for this study, as 
research was conducted under the institutional blan-
ket ethics clearance (M10744) obtained from the HREC 
(Medical), which allows for research to be carried out 
on all archived pathology specimens without informed 
consent from study participants. Additional project-spe-
cific ethical clearance was also obtained from the HREC 
(Medical) (M120994), and all tests were performed 
according to the relevant guidelines and regulations. A 
total of 59 (14%) patient samples had a deficient MMR 
(dMMR) profile (MSI-H) and the remaining 369 (86%) a 
proficient MMR (pMMR) status. All pMMR CRC cases 
were categorized into 4 groups (see Table 1). Tumour site 
the main group: RCC (tumour primary site proximal to 
splenic flexure) versus LCC (tumour primary site distal 
from splenic flexure), further sub-grouped by ethnic-
ity: Indigenous African (IA) versus Other Ethnic Groups 
(OEG) [Caucasian, Mixed Ancestry, Asian]. Demo-
graphic and histopathological information were analyzed 
within these categories i.e., gender, age, tumour subtype, 
grade, site, TNM stage (American Joint Committee on 
Cancer [AJCC] TNM stage), presence of tumour infil-
trating lymphocytes (TIL) using the Klintrup-Mäkinen 
scoring assessment, Crohn’s-like inflammatory reaction 
(CLR), polyp subtype, venous, perineural and lymphatic 
invasion, all of which were obtained from histology 
reports. Immunophenotypic profiling of TIL was not 
conducted. No family histories were available from these 
reports.

MSS versus MSI‑L molecular subtyping
Samples were screened for proficient MMR status 
through MMR immunohistochemistry (IHC) and/or 
MSI polymerase chain reaction (PCR). IHC images and 
MSI electropherograms are illustrated in Figs.  1 and 2 
respectively. The MMR IHC panel included antibod-
ies targeting MutL Homolog 1(MLH1), MutS Homolog 
2 and 6 (MSH2/ MSH6) and Post Meiotic Segregation 
Homolog-2 (PMS2) protein expression. Only samples 
with a MMR proficient profile detected via IHC and a 
MSS or MSI-L profile determined via PCR were included 
in this cohort [29]. MSI PCR included the 5-mononu-
cleotide PCR panel (NR27, NR21, NR24, BAT25 and 
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Table 1  Descriptive analysis of MSS CRC cases diagnosed at CMJAH between (2011–2015). Categorized by site: LCC vs RCC and 
Ethnicity: Indigenous African (IA) vs Other Ethnic Group (OEG)

Total 
number 
cases (%)

Left-sided Colon 
Cancer (LCC)

Statistical 
analysis:

Right-sided Colon 
Cancer (RCC)

Statistical 
analysis:

IA OEG IA OEG

Frequency 369 154 (42) 108(29) 63(17) 44(12)

Demographical data

GENDER 369 154 108 P = 0.0111* 63 44 P = 0.6932

Male 209(57) 98(64)* 51(47) 34(54) 26(59)

Female 160(43) 56(36) 57(53) 29(46) 18(41)

AGE 365 152 107 P < 0.0001*** 62 44 P = 0.0103*

Min–Max 15–92 20–90 28–92 15–79 25–86

Mean ± SD 57 ± 14 53 ± 15 62 ± 13 54 ± 13 60 ± 11

Median 59 54*** 62*** 55* 61*

P25-P75 (Interquartile Range) 47–67 41–65 55–72 47–64 54–68

95% CI [55-58] [51-56] [60-65] [51-57] [57-65]

Categorical Age 365 152 107 P < 0.0001*** 62 44 P < 0.0001***

 ≤ 50 years 107 (29) 62(41)*** 15(14) 24(39)*** 6(14)

 > 50 years 258(71) 90(59) 92(86) 38(61) 38(86)

Histological characteristics

TUMOUR SUBTYPE 360 152 104 P = 0.0257* 61 43 P = 0.2608

Invasive Adenocarcinoma 329(91) 138(91) 100(96) 54(89) 35(81)

Mucinous Adenocarcinoma 17(5) 4(3) 4(4) 3(5) 6(14)

Signet Ring Cell Adenocarcinoma 14(4) 10(6) 0(0) 4(6) 2(5)

TUMOUR SITE: 359 151 105 P = 0.0221* 61 42 P = 0.2431

Left Right

Splenic Flexure Hepatic Flexure 14(4) 5(3) 0(0) 6(10) 3(7)

Descending colon Ascending Colon 58(16) 21(14) 11(10) 11(18) 15(36)

Sigmoid Transverse Colon 83(23) 46(31)* 21(20) 10(16) 6(14)

Rectum Caecum 204(57) 79(52) 73(70) 34(56) 18(43)

TUMOUR GRADE 348 148 95 P = 0.0930 61 44 P = 1.0000

Low Grade (LG) 316(91) 132(89) 91(96) 54(89) 39(89)

High Grade (HG) 32(9) 16(11) 4(4) 7(11) 5(11)

AJCC TNM STAGING 240 85 61 P = 0.0922 57 37 P = 0.4995

I-II 92(38) 31(38) 31(51) 20(36) 10(27)

III-IV 148(62) 54(62) 30(49) 37(64) 27(73)

TUMOUR INFILTRATING LYMPHOCYTES (TIL) 230 81 60 P = 0.8512 54 35 P = 0.6591

None 156(68) 58(72) 44(73) 34(63) 20(57)

Mild-moderate 74(32) 23(28) 16(27) 20(37) 15(43)

CROHN’S LIKE INFLAMMATORY RESPONSE 230 81 60 P = 0.4406 54 35 P = 0.3392

None 168(73) 62(77) 42(70) 41(76) 23(66)

Mild-moderate 62(27) 19(23) 18(30) 13(24) 12(34)

LYMPHATIC INVASION 285 115 76 P = 0.2921 56 38 P = 0.2896

Absent 203(71) 85(74) 62(82) 36(64) 20(53)

Present 82(29) 30(26) 14(18) 20(36) 18(47)

VENOUS INVASION 232 82 59 P = 0.3937 55 36 P = 1.0000

Absent 181(78) 68(83) 45(76) 41(75) 27(75)

Present 51(22) 14(17) 14(24) 14(25) 9(25)

PERINEURAL INVASION 241 91 60 P = 0.1110 54 36 P = 1.0000

Absent 187(78) 67(74) 51(85) 41(76) 28(78)

Present 54(22) 24(26) 9(15) 13(24) 8(22)

POLYPS 80 31 19 P = 0.5516 16 14 P = 0.7131

Tubular Adenoma (TA) 49(58) 21(68) 11(58) 10(63) 7(50)

Tubulovillous Adenoma (TVA) 31(37) 10(32) 8(42) 6(37) 7(50)
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Levels of statistical significance indicated by an asterix *. P-values <0.05, is indicated with (*), P-values <0.01, (**), and p-values < than 0.001 (***)

Table 1  (continued)

Total 
number 
cases (%)

Left-sided Colon 
Cancer (LCC)

Statistical 
analysis:

Right-sided Colon 
Cancer (RCC)

Statistical 
analysis:

IA OEG IA OEG

MSS/MSI-L PCR CONFIRMED CASES 233 94 85 P = 0.0157* 28 26 P = 0.3582

MSS 189(81) 72(77) 77(91) 19(70) 21(81)

MSI-L 44(19) 22(23) 8(9) 9(30) 5(19)

MSI PCR MARKERS (MSI-L) 42 22 8 P = 0.0138* 7 5 P = 0.2222

1 single unstable marker BAT25/26 BAT25/26

BAT25 20(56) 11(50)* 5(62.5) Vs 3((43) 1(20) Vs

BAT26 15(22) 11(50)* 0(0) NR21/24/27 3(43) 1(20) NR21/24/27

NR21 4(12) 0(4) 2(25) 0(0) 2(40)

NR24 3(10) 0(0) 1(12.5) 1(14) 1(20)

NR27 0(0) 0(0) 0(0) 0(0) 0(0)

Fig. 1  Haematoxylin and Eosin (A-C) images and Immunohistochemistry (D-F) images of colorectal (CRC) tissue sections. A Low power (40X) of 
serosa showing CRC and mild Crohn’s-like response (CLR). B Low (100X) power of serosa with moderate CLR. C Similar CLR at higher magnification 
(200X). D MSH2 retained nuclear expression (400X). E MLH6 retained nuclear expression (400X). F MLH1 loss of nuclear expression, showing 
MSIphenotype (400X)
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BAT26); and a MSS or MSI-L result was ascribed when 
an allelic size varied in none or only one of the 5 mark-
ers respectively [29, 30]. The literature indicates that peo-
ple of African descent exhibit normal variation within 
loci BAT25 and BAT26 [31–34]. A multipopulation 
study by Buhard et al. 2006, revealed approximately 10% 
show normal variation in one of five markers and 2% in 
2 markers [33]. In silico analysis of BAT 25 and BAT 26 
PCR primer sets were performed against the global 1000 
Genomes dataset (www.​inter​natio​nalge​nome.​org/​data) 
and local AWI-GEN dataset (https://​www.​wits.​ac.​za/​
resea​rch/​sbimb/​resea​rch/​awi-​gen). Data analysis from 
the 1000 Genomes dataset revealed 2 single nucleotide 
polymorphisms (SNPs) in each primer set and occurred 
at a rare frequency of 0.02%. AWI-GEN data analysis 
showed one SNP for BAT26 primers at position Chr2: 
47,641,434, and occurred at a frequency of 0.5%. No 
SNPs were detected in BAT25 primer set. The 5-mono-
nucleotide panel remained the assay of choice due to the 
additional 3 quasimonomorphic mononucleotide repeat 
markers found in Caucasian and African germ-line DNA, 
ensuring the panel is extremely sensitive in detecting 
somatic alterations in MSI-H tumours and distinguishing 
between MSS/MSI-L tumours. As recommended by the 
authors Suraweera et  al. 2002, in tumour samples with 
instability in BAT25 and/or 26 markers with a proficient 
MMR profile via IHC, matched normal samples were 
assessed to establish the true instability status. In cases 
where these markers matched instability in normal colon 
tissue, the status was regarded as normal or germline var-
iation and reported as MSS. In biopsies this was not pos-
sible due to the limited size and mixture of normal and 
neoplastic tissue, increasing the chance of contamination 
when assessing normal tissue.

Statistical analysis
All data was collected in an excel sheet and statistical 
analysis was performed using Stata Intercooled 7.0 (Stata, 

College Station, TX, USA) and Graphpad Prism version 
9.0 (Graphpad Software, La Jolla, CA, USA). Unpaired 
t-tests were used to assess differences between groups 
on continuous normally distributed variables while Fis-
cher’s exact and Chi-square tests were used to assess 
associations between categorical variables; and a result 
with a P value less than 0.05 was considered statistically 
significant. Additionally, analysis of MSI status (MSI-L 
versus MSS and MSI-H CRC) stratified by tumour site 
(LCC versus RCC) was conducted to determine if any 
association occurred with demographic variables (gen-
der, age and ethnic groups) as well as TNM stage, CLR 
and TIL (Table 2). R/Rstudio was used to perform mul-
tiple comparisons on MSI status stratified by tumour site 
with other categorical variables eg gender to ascertain 
pairwise associations and the False Discovery Rate (FDR) 
adjusted p-value (q-value) was reported and considered 
statistically significant if less than 0.05.

Results
Patient demographics
LCC revealed a higher frequency in males in IA than 
in OEG patients (64% vs 47%, respectively; P = 0.0111) 
(Table  1). The IA patients were younger in comparison 
to the OEG patients (median age: 54 vs 62 years, respec-
tively; P < 0.0001).

Pathological characterization
Signet ring cell carcinomas (SRCC) were more frequently 
found in IA (14/213; 7%) versus OEG patients (2/147; 1%) 
(P = 0.0221). When further stratified by site, SRCC was 
only associated with LCC in IA patients, as compared to 
OEG patients (P = 0.0257).

MSI‑L, MSS and MSI‑H molecular subtypes
Ethnicity was linked to mononucleotide instability 
markers, with BAT25 and BAT26 markers being more 

Fig. 2  Electropherograms illustrating instability patterns using the 5-mononucleotide MSI PCR panel. A MSS: 5 markers stable B MSI-Low: 1 marker 
unstable C MSI-H: 5 markers unstable

http://www.internationalgenome.org/data
https://www.wits.ac.za/research/sbimb/research/awi-gen
https://www.wits.ac.za/research/sbimb/research/awi-gen
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frequently unstable in IA patients (28/29; 97%) within the 
MSI-L subgroup. NR21, NR24 and N27 instability was 
commonly demonstrated in OEG patients (7/13; 54%) 
(P = 0.0053). An increased rate of MSI-L vs MSS CRC 
(21% vs 9%; P = 0.0442) and MSI-H vs MSS CRC (11% vs 
2.5%; P = 0.0393) was found in the left colon, particularly 
in IA compared to OEG patients (Table  2). In addition, 
the MSI-L subtype was associated with more advanced 
disease stage (III-IV) (8/9; 89%) when compared to MSS 
CRC (38/76; 50%) (P = 0.0348). CLR was associated 
with MSI-L LCC (6/9; 67%), when compared to sub-
types MSI-L RCC (1/8; 12%) (P = 0.0498), and MSS LCC 
(19/73; 26%) (P = 0.0205). TIL was associated with sub-
types MSI-H LCC (P = 0.0231), MSI-H RCC (P = 0.0072) 
and MSS-RCC (P = 0.0497).

Discussion
CRC has been shown to have unique clinicopathologi-
cal features associated with tumour site and different 
molecular subtypes (CMS 1–4) [11]. CRC molecular 
subtypes and age of onset have also been described to 

vary considerably among geographically distinct eth-
nic groups. Within this cohort, (40%) of IA patients was 
shown to be younger (< 50  years) compared to OEGs 
with pMMR CRC. Patients of OEGs in this cohort dis-
played RCC with poor prognostic factors compared to 
LCC. Increased frequencies of HG tumours (11% vs 4%) 
advanced staged tumours (73% vs 49%), perineural inva-
sion (22% vs 15%), mucinous and signet ring morphology 
(19% vs 4%) were seen in RCC. While the median age of 
onset was similar for LCC vs RCC (61 vs 62), more males 
however were diagnosed with RCC (59%) than LCC 
(47%).

Within the IA patient group, both left and right colon 
cancers showed similar frequencies for poor prognos-
tic factors. Higher frequencies for HG tumours (11%), 
advanced tumour stage (62–64%), perineural invasion 
(24–26%), SRCC (6%), younger age onset (median age 
54–55), with more males presenting with LCC compared 
to RCC (64% vs 54%).

When comparing ethnic groups and right versus left-
sided CRC, significant differences were observed for IA 

Table 2  Multiple comparison analysis of CRC cases diagnosed at CMJAH (2011–2015). Categorized by MSI status: MSI-L vs MSS vs 
MSI-H CRC and site: LCC vs RCC​

Levels of statistical significance indicated by an asterix *. P-values <0.05 indicated with (*), and P-values <0.01 with (**)

Number of cases (%) MSI-L CRC​ MSS CRC​ MSI-H CRC​ Statistical analysis: 
Multiple comparison analysis:
(Associations between 2 groups 
italicized)

CRC 2011–2015 A: LCC B: RCC​ C: LCC D: RCC​ E: LCC F: RCC​

Frequency/ Prevalence 303 30(10) 12(4) 160(53) 42(14) 12(4) 47(15)
GENDER 303 30 12 160 42 12 47 X2 = 2.6877, df = 5

Male 160(53) 16(53) 6(50) 88(55) 24(57) 6(50) 20(43) P = 0.748

Female 143(47) 14(47) 6(50) 72(45) 18(43) 6(50) 27(57) No association of sex

AGE 303 29 12 160 42 12 47 FDR (q value = 0.8238) Q = 0.05

Min–Max 15–92 24–91 37–84 20–92 15–80 33–67 27–77

Mean ± SD 57 ± 14 56 ± 17 59 ± 13 58 ± 15 58 ± 13 50 ± 12 53 ± 14 E vs C: P = 0.0415*

Median 59 56 60 59 58 52 51 F vs C: P = 0.0274*

P25-P75 (IQR) 48–69 40–72 47–67 48–69 53–67 38–61 43–62

95% CI [56-59] [49-62] [50–67] [55-60] [53-62] [42-57] [49-57]

ETHNIC GROUPS 303 30 12 160 42 12 47 X2 = 9.2824, df = 5, P = 0.09832

Indigenous African 171(56) 22(76) 7(58) 83(47) 21(50) 10(83) 28(60) A vs C: P = 0.0442*

Other Ethnic groups 132 (44) 8(24) 5(42) 77(53) 21(50) 2(17) 19(40) E vs C: P = 0.0393*

AJCC TNM STAGING 178 9 8 76 37 7 41 X2 = 7.6681, df = 5, P = 0.1755

I-II 77(43) 1(11) 4(50) 38(50) 12(32) 4(57) 18(44)

III-IV 101(57) 8(89) 4(50) 38(50) 25(68) 3(43) 23(56) A vs C: P = 0.0348*

CROHN’S LIKE INFLAMMA‑
TORY RESPONSE

172 9 8 73 35 7 40 X2 = 11.185, df = 5,P = 0.04782*

Mild-moderate 49(28) 6(67) 1(12) 19(26) 10(29) 4(57) 9(23) A vs C: P = 0.0205*

Absent 123(72) 3(33) 7(88) 54(74) 25(71) 3(43) 31(77)

TUMOR INFILTRATING LYM‑
PHOCYTES

178 15 8 73 35 7 40 X2 = 12.898, df = 5, P = 0.02435*
D vs C: P = 0.0497*

Mild-moderate 68(38) 5(33) 2(25) 19(26) 16(46) 5(71) 21(52) E vs C: P = 0.0231*

Absent 110(62) 10(67) 6(75) 54(74) 19(54) 2(29) 19(48) F vs C: P = 0.0072**
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patients with LCC. The IA population group showed a 
propensity to occur in males, within the sigmoid colon, to 
present with a SRCC histological pattern, and an MSI-L 
status. Notably, SRCC is recognized as a rare histological 
subtype (1%) of CRC and is associated with young adults 
in other geographical locations [35]. Previous studies 
have shown SRCC to have a RCC dominance. However, 
more recently, SRCC has been reported to have an even 
site distribution within the colon, with a slight male pre-
dominance [36]. Moreover, the SRCC histological sub-
type is known to have an adverse prognostic significance 
independent of tumour stage and molecular subtype [37, 
38]. Poor tumour grade and advanced TNM staging are 
usually associated with worse survival outcomes [39, 40]. 
In this study, these features were found to have border-
line significance in IA patients with LCC compared to 
OEGs, with slight increases in frequencies of HG (11% vs 
4%, respectively; P = 0.0930) and advanced disease stage 
(62% vs 49%, respectively; P = 0.0922).

When assessing PCR confirmed cases only to accu-
rately categorize MSI-L versus MSS and MSI-H CRC 
in right versus left CRC, significant associations were 
seen for MSI-L LCC with advanced disease stage and 
the IA ethnic group (Table  2). This data was perceived 
to be similar to the findings of Devaraj 2010, linking 
elevated microsatellite alterations at selected tetranu-
cleotide repeats (EMAST) with advanced disease stage, 
rectal cancers and peri-tumoral infiltration in patients 
of African American (AA) descent [41, 42]. Even though 
MSI-L status was not available for the data in the study 
of Devaraj et  al. 2010, previously published data closely 
linked MSI-L tumours to EMAST and has been associ-
ated with a poorer prognosis [20, 22, 43]. The most fre-
quent unstable markers in tumours from IA patients in 
our cohort were BAT25 (15/29; 52%) and BAT26 (13/29; 
45%). MSI-L LCC tumours showed a tendency to be of 
a more advanced disease stage (AJCC TNM stage: III-
IV) compared to MSS LCC (89% vs 50%, respectively; 
P = 0.0348).

Previous studies have shown these markers to be poly-
morphic within the African population, linked to the the-
ory that older population groups show increased genetic 
variation [31–33]. Within this cohort, 17 CRC patients 
had shown instability in one or both markers (BAT25 
and/or 26) in tumour and matched normal tissue, with a 
proficient MMR protein expression profile. These sam-
ples were assumed to be due to increased genetic poly-
morphisms. What was interesting and noteworthy to 
mention, was all these patients were exclusively of IA 
descent, with no differences observed in allele deletion 
sizes (5-15  bp deletion) between germline and somatic 
instability, and the majority were LCC (15/17; 88%) with 
advanced disease stage at diagnosis (7/10; 70%). Based on 

these findings, limiting as it is in size, BAT25/26 insta-
bility (whether of polymorphic/germline or somatic 
variation) was associated with advanced disease stage in 
proficient MMR LCC patients of IA descent. Even though 
survival data was not available for this study, literature 
has shown poor clinical prognosis and overall survival 
associated with MSI-L CRC, particularly for advanced 
disease stage CRC [21–23, 44]. The somatic MSI-L LCC 
group was associated with CLR when compared to MSI-L 
RCC (67% vs 12%; P = 0.0498) and MSS LCC (67% vs 
26%; P = 0.0205). Polymorphic/germline MSI-L tumours 
within 2 markers (11/17; 65%) however displayed no 
CLR. Literature has indicated tumours with CLR to have 
a better prognosis compared to stage-matched tumours 
without [45–47]. This raises a plausible argument that 
germline MSI-L tumours could have a worse prognosis 
compared to somatic MSI-L tumours, due to the lack of 
the host’s immune response to the cancer.

BAT26 marker (26(A) repeats) is located in intron 5 
of the MSH2 gene on chromosome 2p21. This marker 
is situated immediately downstream of exon 5, which is 
susceptible to large intragenic deletions and accounts for 
nearly a third of dMSH2 mutations [48–50]. Studies by 
Pastrello et  al. 2006 and Jaskowski et  al. 2007 indicated 
that instability in Bat26 was associated with overall insta-
bility of dMSH2 tumours. Confirmatory IHC to deter-
mine dMMR protein expression is therefore important, 
however exceptions of cases with mutations in intronic 
nucleotides close to splice sites could result in expressed 
non-functional proteins, such as (MSH2 c.913G > A 
p.Ala305Thr) which has been reported with proficient 
MMR activity and a MSI-L genotype [50]. This variant 
however had no aberrant splicing and normal subcellular 
localization and interaction with MSH6 was shown [50, 
51].

BAT25 (25(T) repeats) is situated within intron 16 of 
the c-kit proto-oncogene on chromosome 4q12. cKit 
(CD117) the receptor for Stem cell factor (SCF) involved 
in haemopoiesis has more recently shown to be involved 
in lymphopoiesis. The CD117 receptor has shown to be 
expressed on mature CD8+ T cells following initial acti-
vation, suppressing differentiation and increasing its 
response to apoptosis. CD117 expressed CD8+  T cells 
could therefore play a role in CD117-blockade, an impor-
tant mechanism in tumour immune evasion. BAT25 
instability in the CD117 gene could potentially play a role 
in immune evasion in MSI-L CRC, and additional studies 
are required to determine CLR and its association with 
MSI-L LCC.

A study by Carethers et  al. 2014 showed an increased 
incidence of MSI-H CRC in AA patients, however had 
poorer prognosis and higher mortality rates compared to 
their Caucasian counterparts [52]. This was thought to be 
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due to AA patients showing a lower infiltration of CD8+ T 
cells compared to Caucasian patients, suggesting an altered 
immune function in AA patients. It has been well estab-
lished that the increased tumour-infiltrating CD4+  and 
CD8+  T cells in patients with MSI-H CRC (due to the 
increased mutator phenotype of the tumour stimulating 
the host immune response) significantly improved patient 
outcomes when treated with immunotherapy when com-
pared to MSS CRC with decreased immune response [53, 
54]. The study by Carethers et  al. 2014 illustrate despite 
having the same disease subtype and stage, ethnicity can 
be a negative prognostic factor in CRC disease.

A frequency of 17% MSI-L CRC in SA CRC patients 
has been reported in our previous study [29]. Further 
evaluation in this study has demonstrated MSI-L LCC to 
occur predominantly in IA patients, and associated with 
advanced disease stage, with considerable number of 
germline/polymorphic MSI-L LCC also presenting at an 
advance stage compared to MSI-L RCC and MSS LCC.

Based on these findings, universal MSI PCR screen-
ing is recommended as a first-line screening method 
for all newly diagnosed CRC patients, to not only iden-
tify MSI-H CRC, but also increase the detection rate of 
MSI-L CRC. Local ethnic polymorphisms however have 
to be taken into account when implementing diagnostic 
marker panels in certain geographical settings. If insta-
bility is required in 30% of markers used in a panel for 
a diagnosis of MSI, it is important to confirm markers 
included are non-polymorphic in the local population.

CRC is a heterogeneous disease and more studies are 
required to unravel the complexity associated with it 
by investigating different ethnic groups in the context 
of site. This study has shown that ethnicity and tumour 
site play an important role in the prognostication of 
tumours and should be taken into consideration for 
effective treatment planning, especially in geographical 
regions with diverse population groups such as South 
Africa. Limitations of this study include selection bias, 
as only samples with an MSI status were included. This 
resulted in smaller sample sizes for the analysis of cer-
tain features such as polyps, TILs, TNM staging, MSI-L 
and BAT25/26 instability status. The lack of universal 
screening for MSI within the study institution, as well 
as the inclusion of biopsy samples in addition to resec-
tions, have contributed to providing limited informa-
tion. Confirmation of MSI-L status in biopsies was not 
possible, increasing the likelihood of a small percentage 
of false positive MSI-L samples with normal variation.

A study by Ozaki et al. found that MSI-L colon tissue 
occurred in a few but not all intestinal crypts, and both 
in malignant and normal tissues. The presence of MSI-L 
in non-neoplastic mucosa could indicate a primary step 

in tumorigenesis and could potentially be used as an 
early diagnostic and prognostic marker in CRC [55].

Additional AA patient studies have illustrated 
increased frequencies of MSI-L/EMAST markers in rec-
tal cancers most likely due to somatic inactivation of an 
alternative MMR gene (MSH3) [21, 44, 56, 57]. Dysfunc-
tional MSH3 has shown to lead to MSI, appearing to be 
inflammation-related within the tumour microenviron-
ment [58]. Regular intake of anti-inflammatory drugs 
such as aspirin and non-steroidal anti-inflammatory 
drugs (NSAID) has been reported to prevent the devel-
opment of colorectal adenomas, tumour growth and pro-
gression, as well recurrence and metastasis after curative 
surgery, prolonging colorectal cancer patient survival 
[59–61]. Anti-inflammatories could therefore possibly 
have a positive effect not only in MSI-H CRC, but also 
in this subgroup of MSI-L LCC patients. In addition, due 
to the presence of CLR, MSI-L LCC could potentially be 
an eligible subgroup for immunotherapeutic strategies in 
metastatic disease and further studies are recommended.

Conclusion
This SA CRC study indicated that in considering cat-
egorization of CRC according to anatomical site, 
microsatellite instability status and ethnicity, unique clin-
icopathological features were identified. In particular, IA 
CRC patients with LCC are more likely to be male, have 
an MSI-L subtype, show BAT25/BAT26 marker instabil-
ity and have advanced disease stage. This study suggests 
that BAT25 and BAT26 instability are negative prog-
nostic markers in African CRC patients, and larger con-
firmatory studies are recommended. Further exploratory 
studies of MSH3, EMAST, KRAS and immune cell infil-
tration in the tumour microenvironment are indicated in 
SA CRC patients. This will assist in establishing molecu-
lar profiles to accurately improve diagnostic, prognos-
tic and personalized predictive markers for the effective 
management of early onset CRC.
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