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Abstract
HLA-DR, an MHC class II molecule that mediates antigen presentation, is a favourable prognostic indicator in colorectal 
cancer (CRC). However, the dynamics and location of HLA-DR expression during CRC development are unclear. We aimed 
to define HLA-DR expression by immunohistochemistry in colorectal epithelium and stromal tissue at different stages of 
cancer development, assessing non-neoplastic colorectal adenocarcinoma–adjacent tissue, adenomas and carcinoma tissues, 
and to associate HLA-DR levels with clinical outcomes. Patients with higher than median HLA-DR expression survived at 
least twice as long as patients with lower expression. This association was significant for HLA-DR staining in the colorectal 
carcinoma epithelium (n = 152, p = 0.011, HR 1.9, 95% CI 1.15–3.15) and adjacent non-neoplastic epithelium (n = 152, 
p < 0.001, HR 2.7, 95% CI 1.59–4.66), but not stroma. In stage II cases, however, the prognostic value of HLA-DR expression 
was significant only in adjacent non-neoplastic tissues, for both epithelium (n = 63, p = 0.015, HR 3.6, 95% CI 1.279–10.25) 
and stroma (n = 63, p = 0.018, HR 5.07, 95% CI 1.32–19.49). HLA-DR was lower in carcinoma tissue compared to matched 
adenomas (n = 35), in epithelium (p < 0.01) and stroma (p < 0.001). HLA-DR was further reduced in late-stage carcinoma 
(n = 101) compared to early stage (n = 105), in epithelium (p < 0.001) and stroma (p < 0.01). HLA-DR expression was lower 
(p < 0.05) in the adjacent non-neoplastic epithelium of patients with cancer recurrence. We demonstrate a progressive loss 
of HLA-DR in epithelial and stromal tissue compartments during CRC development and show prognostic ability in carci-
noma–adjacent non-neoplastic tissues, highlighting the importance of this molecule in the anti-cancer immune response. 
These findings may have wider implications for immunotherapeutic interventions.
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Introduction

Colorectal cancer (CRC) is the third most common type of 
cancer worldwide and the third leading cause of cancer mor-
tality [1]. Despite recent advances in treatment and patho-
logical staging, many CRC patients still experience cancer 
recurrence. Most notably, 25% of stage I/II cancers detected 
at the node-negative, metastasis-negative stage experience 
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cancer recurrence [2]. Therefore, there is an urgent need to 
improve current prognostic and surveillance strategies for 
CRC patients and to better understand the factors underlying 
disease progression and recurrence. In recent years, certain 
immune markers, such as CD3, CD8 and CD45RO, have 
been shown to play a favourable prognostic role in CRC, 
highlighting the requirement for effective immune responses 
for cancer elimination [3–5]. The prognostic potential of 
other immune markers upstream of the adaptive immune 
response is also of great interest, such as the antigen pres-
entation molecule HLA-DR.

HLA-DR is a major histocompatibility complex (MHC) 
class II antigen presentation molecule, critical for the acti-
vation of lymphocytes and the orchestration of adaptive 
immune responses. HLA-DR is normally expressed on 
antigen-presenting cells including monocytes, macrophages, 
dendritic cells and B cells, but expression can be induced on 
epithelial cells and tumour cells in response to inflammatory 
conditions [6–8]. MHC class II antigen presentation mole-
cules are responsible for presentation of exogenous antigens 
to CD4+ helper T cells. Unsurprisingly, HLA-DR expression 
in tumours has been positively associated with enhanced 
lymphocytic infiltration [9–12]. HLA-DR has been used 
as a surrogate marker of immune competence in various 
clinical studies, and its loss in circulation has been linked 
with susceptibility to post-surgical infection [13] and sepsis 
[14]. The mechanism that drives this reduction in monocyte 
HLA-DR is not well understood, but this phenomenon has 
been described in response to even minor surgeries. It has 
been suggested that restoration of HLA-DR expression, as 
opposed to the initial loss itself, may be a more useful pre-
dictor of post-operative complications [15].

In the neoplastic setting, HLA molecules have demon-
strated a largely favourable prognostic role in gastrointes-
tinal cancers, such as oesophageal adenocarcinoma [16], 
cancer of the larynx [17], gastric cancer [18] and CRC [19, 
20]. It has been proposed that the improved patient survival 
observed in HLA-DR expressing tumours reflects an active 
anti-tumour immune response, as evidenced by the correla-
tion between HLA expression and intra-tumoral lymphocytic 
infiltration [11, 19]. Despite previous descriptions of HLA 
molecule expression in tumours and its clear clinical impli-
cations, few studies have evaluated HLA-DR expression 
specifically during cancer development, and fewer still have 
defined expression within different tissue compartments, i.e. 
epithelium versus stromal regions, instead giving general-
ised staining scores.

This study aimed to evaluate changes in HLA-DR 
expression during development of CRC from colorectal 
adenomas and adenocarcinomas at early and late stages 
and to define expression within both epithelial and stromal 
tissue compartments, and in both carcinoma and carci-
noma–adjacent tissues. HLA-DR expression was evaluated 

by immunohistochemistry using archival formalin-fixed, 
paraffin-embedded colorectal tissue resections. We aimed to 
investigate HLA-DR loss in CRC cancer progression and to 
determine whether this is a universal phenomenon, common 
to all carcinomas, or whether HLA-DR loss only occurred 
in certain patients. We were also interested in determining 
which colorectal tissue compartments expressed the highest 
levels of HLA-DR and which experienced most HLA-DR 
loss. Finally, we were interested in determining whether 
HLA-DR expression still showed a prognostic ability even 
in early cancer stages, or in non-neoplastic carcinoma–adja-
cent colorectal tissues.

Materials and methods

Patient cohorts and specimens

For this study, formalin-fixed paraffin-embedded colorec-
tal tissue specimens (all histologies) were collected from 
patients undergoing surgical resection or polypectomy at 
St Vincent’s University Hospital, Dublin. Tissue regions 
of interest were defined by a pathologist (AAM). Carci-
noma–adjacent non-neoplastic colorectal tissue specimens 
were also collected from areas at least 10 cm away from 
the primary carcinoma. Tumour specimens were sampled 
from the primary tumour site. This study was performed 
in adherence to the Declaration of Helsinki ethical princi-
ples for medical research involving human subjects. Writ-
ten informed consent was obtained in accordance with local 
institutional ethical guidelines. Full ethical approval to con-
duct this study was grant by the St. Vincent’s University 
Hospital ethics committee.

Adenomas

Adenomas (isolated, synchronous or contiguous) were col-
lected from a cohort of n = 79 patients (n = 25 male, mean 
age 70.2 [range 48–86]) undergoing treatment at St Vincent’s 
University Hospital, Dublin, between the years 1994–2006. 
Percentage HLA-DR-positive staining scores were available 
for matched carcinoma specimens for n = 33 synchronous 
and n = 35 contiguous adenomas. Synchronous adenomas 
were defined as adenomas separate from the main carcinoma 
identified in the resection specimens, while contiguous ade-
nomas were defined as residual adenoma contiguous with 
the primary carcinoma.

CRC cohort—all stages

Carcinoma and adjacent tissues were collected from a cohort 
of n = 152 patients diagnosed with CRC who underwent 
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surgical resection at St Vincent’s Hospital, Dublin. This 
cohort was sub-divided by stage using the American Joint 
Committee on Cancer TNM staging system for subsequent 
studies, details as follows.

CRC stage II cohort

As detailed in Table 1, a cohort of n = 77 CRC carcinomas 
(n = 34 female; n = 43 male) with a diagnosis of stage II 
was compiled from retrospective archival tissue collected 
between 1991 and 2001 from patients treated at St Vincent’s 
University Hospital, Dublin. Median patient age at diagnosis 
was 73.5 (range 48–91). Patients were followed from the 
date of diagnosis until death or median follow-up time of 
6.1 years. Incidence of all deaths and disease recurrence was 
recorded during the follow-up period. Overall survival was 
defined as time from diagnosis until death, from any cause.

CRC late‑stage cohort

As detailed in Table  2, a cohort of n = 75 CRC carci-
noma patients (n = 40 male; n = 35 female) with a diag-
nosis of stage III or IV (Duke’s C and D) was compiled 
from retrospective archival tissue collected between from 
patients treated at St Vincent’s University Hospital, Dub-
lin. Median patient age at diagnosis was 65.6 years (range 

25.4–83.8 years). Patients were followed from the date of 
diagnosis until death or median follow-up time of 2.04 years. 
Overall survival was defined as time from diagnosis until 
death, from any cause.

HLA‑DR immunohistochemistry analysis using 
tissue microarrays

Haematoxylin and eosin (H&E)-stained slides from forma-
lin-fixed, paraffin-embedded biopsies were used to define 
areas of adenoma, carcinoma or adjacent non-neoplastic 
tissues by a pathologist (AAM). The areas of interest on 
the diagnostic biopsy blocks were marked by a patholo-
gist (AAM), four 0.6 mm cores were taken from the tis-
sue blocks, transferred to a recipient block using a Tissue 
Microarrayer (Beecher Instruments), and tissue microarrays 
(TMAs) were constructed and pathology of the tissue re-
evaluated prior to antibody staining. Four cores were taken 
from each individual tissue type (tumour, polyp, etc.), and 
a 4-μM section from each was included on the TMA slide 
in order to reduce sampling errors, and to check that stain-
ing patterns were consistent within each tissue area. Each 
section was scored individually; then these four scores were 
averaged to give an overall score. A consistent staining pat-
tern was observed for each tissue area sampled, with the 
majority of scores being either identical, or falling within 1 

Table 1   Stage II CRC patient cohort

*Denotes missing values due to tissue degradation or missing tissue 
microarray cores

Parameter Category Frequency Total

Gender Female 34 77
Male 43

Lymphovascular invasion Positive 15 (1 mural) 77
Negative 46
Not reported 16

Pathological T stage 1 0 77
2 0
3 58
4 8
Not reported 11

Differentiation Well 4 77
Moderate 54
Poor 7
Undocumented 12

HLA-DR expression 
(mean % positivity)

Normal epithelium 42.3% 63*
Carcinoma epithe-

lium
44% 63*

Normal stroma 61.1% 77
Carcinoma stroma 49.3% 77

Table 2   Late-stage patient cohort

*Denotes missing values due to tissue degradation or missing tissue 
microarray cores

Parameter Category Frequency Total

Gender Male 40
Female 35 75

Nodal stage 0 22
1a 6 75
1b 15
2a 16
2b 16

T stage 1 1
2 1 75
3 33
4 40

Differentiation Well 5
Moderate 54 75
Poor 15
Undocumented 1

HLA-DR expression 
(mean  % positivity)

Normal epithelium 4% 71*
Carcinoma epithe-

lium
9.3% 70*

Normal stroma 60.7% 72*
Carcinoma stroma 36% 72*
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scoring increment. Different tissue types were run together 
on the same TMA slide, in order to minimise technical arte-
facts. Four-micrometre sections were cut and mounted onto 
Super Frost Plus adhesive slides (Menzel-Glaser, Germany). 
Immunohistochemistry was performed utilising a Vectastain 
Elite ABC HRP kit (Vector Laboratories, USA) or DAKO 
ChemMate Envision kit (Dako, Denmark), as per manufac-
turer’s instructions. Tissue staining was compared between 
TMA slides to ensure similar staining patterns, and intensi-
ties were observed between kits. All tissue microarray sec-
tions for each patient cohort were processed and stained on 
the same day at room temperature.

Staining was performed as previously described [16], 
using the monoclonal mouse anti-HLA-DR IgG (clone TAL 
1B5, Abcam, Cambridge, UK) primary antibody. To control 
for potential cross reactivity, whole full-face tissue sections 
were incubated with PBS in the absence of primary anti-
body and/or secondary antibody. Slides were incubated with 
primary antibody for 1 h, biotinylated secondary antibody 
for 30 min, avidin–biotin complex for 30 min and diamin-
obenzidine (DAB) substrate for 2–15 min. DAB was rinsed 
off slides upon colour development and haematoxylin added 
for 30 s. Slides were dehydrated and mounted using DPX. 
Images were taken using a ScanScope GL digital slide scan-
ner using Aperio ImageScope software (Aperio Technolo-
gies, USA), and immunoreactivity was assessed digitally 
under 40X magnification in a semi-quantitative manner for 
visible HLA-DR expression by observers (MRD, JJP, AJM) 
who were blinded to the pathology and clinical outcome of 
all patients in the study. Epithelium was defined by colum-
nar shape, and all other non-epithelial tissue was defined as 
stroma; both epithelial and stromal cells were evaluated for 
both percentage positivity of cytoplasmic staining. HLA-DR 
positivity was evaluated as 0%, 10%, 25%, 50%, 75%, 90% 
or 100% of total visible tissue compartment. The scoring 
was undertaken by consensus evaluation (MRD, JJP, AJM), 
and scores from all observers were then averaged to create 
a final consensus score. Cohorts were divided into HLA-
DR high and low populations by median positivity scores. 
We adhered to the REMARK guidelines [21] for reporting 
prognostic markers in order to allow reproducibility of our 
findings.

Statistical analyses

Statistical analyses were performed and graphed using 
Prism GraphPad (Version 5) and IBM SPSS Statistics 
(Version 24). For survival analysis, the median percentage 
score of the cohort was chosen as a cut-off value in order 
to segregate HLA-DR high (> median) and low (0-median, 
inclusive) staining levels. Survival was analysed utilising 
Kaplan–Meier survival analysis (log-rank (Mantel–Cox)). 
Paired tests were used for matched tissues from the same 

donors, as appropriate. Differences of p < 0.05 (*), p < 0.01 
(**) and p < 0.001 (***) were considered statistically 
significant.

Results

HLA‑DR expression is associated with a longer 
survival time when measured in carcinoma 
and carcinoma–adjacent epithelium, 
but not in stroma

We first investigated whether HLA-DR expression in epi-
thelial and stromal tissue compartments was linked with 
patient survival, in carcinoma and carcinoma–adjacent 
colorectal tissues at all tumour stages. HLA-DR-positive 
expression was assessed in a cohort of n = 152 CRC patients 
at all carcinoma stages (demographics as per Tables 1 and 
2). Patients were assigned to HLA-DR high or low groups, 
using median expression level as a cut-off, and associations 
were tested by log rank (Mantel–Cox) tests and estimated 
using Kaplan–Meier survival curves. As shown in Fig. 1, 
we observed a longer survival time in patients expressing 
high levels of HLA-DR in the tissue epithelium, both in the 
carcinoma epithelium (Fig. 1a) (p = 0.012, HR 1.91, 95% 
CI 1.2–3.2, n = 72) and in carcinoma–adjacent epithelia 
(Fig. 1b) (p < 0.001, HR 2.72, 95% CI 1.6–4.7, n = 67), com-
pared to those with lower than median expression (n = 80 
and n = 85, respectively). No significant associations were 
observed when HLA-DR expression in the carcinoma stroma 
(Fig. 1c) (p = 0.11) or carcinoma–adjacent stroma (Fig. 1d) 
(p = 0.5) was analysed, however. Cox regression multivari-
ate analyses also demonstrated prognostic ability of other 
parameters, with T stage 4 (p = 0.02, HR 2), moderate dif-
ferentiation (p = 0.001, HR 2.8) and poor differentiation 
stage (p < 0.000, HR 7), and carcinoma size (p = 0.03, HR 
1.15), all predicting increased risk of disease-associated 
death (Table 3).

HLA‑DR expression diminishes during CRC 
development

The percentage of HLA-DR-positive expression was evalu-
ated in CRC carcinomas and synchronous (n = 33) or contig-
uous (n = 35) adenomas from matched CRC patients (Fig. 2) 
to assess changes in HLA-DR expression at different stages 
in carcinoma development. HLA-DR expression was lower 
in carcinoma epithelium compared to the epithelium of con-
tiguous matched adenomas (p < 0.01), but no difference in 
expression was observed when carcinomas were compared 
with synchronous adenomas (Fig. 2b). HLA-DR expression 
was lower in the CRC carcinoma stroma compared to that 
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of both synchronous (p < 0.001) and contiguous adenomas 
stroma (p < 0.001) (Fig. 2c).

We next aimed to assess whether HLA-DR expression 
was altered across different stages of cancer development, 
from pre-neoplastic, to early-stage to late-stage carcinomas. 
HLA-DR was therefore assessed in epithelial and tumour 
areas of a cohort of mixed adenomas (isolated, synchronous 
and contiguous adenomas, n = 79), early-stage CRC carcino-
mas (n = 105, stage I or II) and late-stage CRC carcinomas 

(n = 101, stage III or IV) (Fig. 2d, e). In the epithelial com-
partment (Fig. 2d), HLA-DR expression was lower in late-
stage carcinomas compared to early stage (p < 0.001) and 
adenomas (p < 0.001), but no significant difference was 
observed between adenomas and early-stage carcinomas. 
In the stromal compartment (Fig. 2e), HLA-DR expres-
sion was progressively reduced when late-stage carcinomas 
were compared with early-stage carcinomas (p < 0.01) or 
adenomas (p < 0.001). For both compartments, HLA-DR 

B

C D

Low HLADR
High HLADR

Low HLADR
High HLADR

Low HLADR
High HLADR

Low HLADR
High HLADR

Carcinoma Epithelium *P=0.011 Adjacent Epithelium ***P<0.001

Carcinoma Stroma P=0.112 Adjacent Stroma P=0.499

P Value Hazard Ra�o 95% C.I.

Overall Survival 0.012 1.906 1.15-3.15

P Value Hazard Ra�o 95% C.I.

Overall Survival 0.000 2.722 1.59-4.66

P Value Hazard Ra�o 95% C.I.

Overall Survival 0.114 1.483 0.91-2.42

P Value Hazard Ra�o 95% C.I.

Overall Survival 0.499 1.183 0.73-1.93

A

Fig. 1   HLA-DR expression is associated with longer overall survival 
when measured in carcinoma and carcinoma–adjacent epithelium, 
but not in stroma. Data from n = 152 CRC patients at all stages were 
combined and analysed utilising Kaplan–Meier survival analysis (log 
rank (Mantel–Cox)). HLA-DR expression profiles were divided into 
high and low categories, using median expression as a cut-off. High 
HLA-DR expression in the epithelial compartments of a carcinoma 
(HR 1.9, p = 0.011, high n = 72, low n = 80) and b matched carci-
noma–adjacent normal tissue (HR 2.7, p < 0.001, high n = 67, low 
n = 85) was associated with improved overall survival. No statistically 

significant associations were detected between survival and HLA-DR 
expression profiles in stromal tissues from either c carcinoma stroma 
(p = 0.112, high n = 73, low n = 79) or d matched carcinoma–adja-
cent normal tissue stroma (p = 0.499, high n = 67, low n = 85). Cox 
regression multivariate analysis demonstrated that, in addition to low 
HLA-DR expression, T stage 4 (p = 0.02), moderate differentiation 
stage (p = 0.001) and poor differentiation stage (p < 0.000) were all 
predictors of poor survival, associated with twofold, 2.8-fold and sev-
enfold increases in disease-associated death, respectively. *p < 0.001, 
***p < 0.0001
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expression was diminished in late-stage carcinomas when 
compared to adenomas (p < 0.001).

HLA‑DR expression is lower in late‑stage CRC stroma 
compared to carcinoma–adjacent stroma

Having observed a significant reduction in HLA-DR expres-
sion in carcinoma tissues in later-stage carcinomas compared 
to early-stage, we were interested in investigating whether 
carcinoma–adjacent tissues were similarly affected. HLA-
DR expression was assessed across the epithelial and stro-
mal compartments of n = 76 early-stage (stage II) (Fig. 3a) 
and n = 72 late-stage (stage III and IV) (Fig. 3b) CRC car-
cinomas and adjacent non-carcinoma tissues. HLA-DR 

expression was lower in CRC carcinoma stroma compared 
to non-carcinoma stroma (p < 0.001), regardless of cancer 
stage. However, no significant difference was noted between 
HLA-DR expression in the epithelial compartments of carci-
noma versus carcinoma–adjacent tissue, at neither early nor 
late stages. The profound stage-dependent loss of epithelial 
HLA-DR expression observed in Fig. 2 was also recapitu-
lated in this cohort, with adjacent non-carcinoma tissue epi-
thelium also exhibiting significantly lower HLA-DR expres-
sion in late-stage patients in comparison with early stage.

Fig. 2   HLA-DR expres-
sion diminishes as adenomas 
progress to carcinomas and 
advance in stage. HLA-DR 
expression was visualised by 
immunohistochemistry, as 
shown for a single representa-
tive donor (a) and percentage 
positive expression was scored 
for colorectal tissue epithe-
lium and stroma in a cohort of 
synchronous (n = 29–33) or con-
tiguous (n = 33–35) adenomas 
and matched carcinomas (b, c) 
and adenomas (n = 79), early-
stage (stage I/II, n = 103–105) 
and late-stage carcinomas (stage 
III/IV, n = 92–101) (d, e). Data 
were analysed using paired t 
test or one-way ANOVA as 
appropriate (Kruskal–Wallis test 
followed by Dunn’s multiple-
comparison test). **p < 0.01, 
***p < 0.001
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HLA‑DR clinical correlations in stage II CRC​

Given the significant expression differences observed 
between stage II carcinomas and adjacent tissues, we 
next investigated whether HLA-DR was linked with a set 
of clinical outcomes in early-stage carcinomas. HLA-DR 
percentage positivity was assessed in a cohort of n = 77 
stage II CRC carcinomas (Table 1), and associations were 
tested with carcinoma recurrence (data available for n = 61 
patients), lymphovascular invasion status (n = 61), number 
of carcinoma buds (n = 30) and carcinoma differentiation 
stage (n = 66). HLA-DR expression was compared within 
the stage II CRC cohort between patients who experienced 
carcinoma recurrence (n = 14) versus those who did not 
(n = 47) (Fig. 4). HLA-DR was higher in the epithelium of 
patients with no recurrence compared to those with recur-
rence (p < 0.05); however, this was only observed in carci-
noma–adjacent colorectal tissue (Fig. 4a), and not in carci-
noma tissues (Fig. 4b). No significant differences were noted 
within the respective stromal compartments. No significant 
associations were noted between HLA-DR expression and 
lymphovascular invasion status or number of carcinoma 
buds (Supplementary Figs. 1 and 2).

HLA‑DR expression in stage II carcinoma–adjacent 
tissue is positively associated with survival time

HLA-DR expression by carcinoma or carcinoma–adjacent 
tissue was assessed with respect to survival time in a cohort 
of n = 77 early-stage (stage II) CRC patients (Table 1). 
Patients were assigned to HLA-DR high or low groups, 
using median expression as a cut-off. Survival times were 
assessed by log rank (Mantel–Cox) tests and estimated 
using Kaplan–Meier survival curves, as shown in Fig. 5. We 
observed that individuals with high HLA-DR expression in 

carcinoma–adjacent tissues survived longer than those with 
low expression, both in the tissue epithelium (p = 0.015, 
HR 3.62, 95% CI 1.3–10.3) and stroma (p = 0.018, HR 
5.07, 95% CI 1.3–19.5), (Fig. 5a, b). No significant differ-
ence was noted in the CRC carcinoma epithelium or stroma, 
however (Fig. 5c, d). Therefore, HLA-DR only displayed 
prognostic ability in early-stage CRC when measured in car-
cinoma–adjacent tissues, but not in early-stage carcinomas 
themselves (Table 3). 

Discussion

Previous studies have demonstrated a significant association 
between MHC class II expression in CRC tumours and over-
all survival time [11, 19, 20, 22, 23], lower recurrence [24, 
25], lower tumour stage [26], lymphocytic infiltration and 
microsatellite instability [23]. However, there is a lack of 
consistency in the literature regarding these findings in CRC, 
with several of these studies showing contradictory results, 
such as the level of HLA-DR in CRC tumours which has 
been reported as being expressed by between 23 and 60.1% 
of CRC tumours, depending on the study. A possible expla-
nation for these conflicts may lie in the differences in tissue 
scoring methodology and reporting approaches, as well as 
use of MHC class II antibodies with different specificities. 
For example, Matsushita and colleagues analysed HLA-DR 
using the HU-20 antibody in 51 snap-frozen CRC tumours 
and adjacent tissues and defined HLA-DR positivity as cases 
where > 10% cancer cells were strongly stained [20]. Scon-
nochiaet al., however, used a LGII-612.14 antibody specific 
for all MHC class II molecules (HLA-DR, HLA-DP and 
HLA-DQ) to stain formalin-fixed paraffin-embedded tissue, 
and defined positivity as > 15 positive cells observed in a 
field count of 100 cells [19]. In this study, we focused on 

Fig. 3   HLA-DR expression is lower in CRC carcinomas compared 
to carcinoma–adjacent tissue, but only in the stromal compartment. 
HLA-DR expression was higher in the stroma of carcinoma–adja-
cent tissues compared to matched carcinomas, for both early-stage 

a (p < 0.001, n = 76) and late-stage b (p < 0.001, n = 72) CRC cases, 
whereas no statistically significant difference was detected within the 
epithelium, regardless of stage. Wilcoxon matched paired t tests; bars 
denote mean ± SEM. ***p < 0.001
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assessing expression of the MHC class II molecule HLA-DR 
(clone TAL 1B5) in a tissue microarray constructed from 
multiple tumour samples from an archival cohort of forma-
lin-fixed paraffin-embedded colorectal carcinoma cores, and 
extended analyses to include patient-matched pre-malignant 
adenomas and non-neoplastic carcinoma–adjacent tissues, 
evaluating expression in both epithelial and stromal regions. 
We reported overall percentage positivity for the epithelium 
and stromal compartments, taking an average reading of 
three entire 0.6 mm fields into account.

In agreement with previous studies in CRC [11, 19, 20, 
22, 23], we observed a significant association between 
higher HLA-DR expression in CRC carcinomas and over-
all survival, particularly in the epithelial tissue compart-
ment. We also observed that higher HLA-DR expression 
in carcinoma–adjacent epithelium was positively associ-
ated with overall survival time, and this finding was par-
ticularly evident when stage II carcinomas were assessed. 
Carcinoma–adjacent epithelium also showed higher HLA-
DR expression in patients who had not experienced cancer 
recurrence, signifying an important prognostic capability 

of non-carcinoma tissues. Other recent studies have also 
demonstrated the prognostic importance of extra-tumoral 
tissues, in different cancer settings. Prasanna and colleagues 
observed significant prognostic ability of ten radiographic 
features (so-called radiomics) in the peri-tumoral areas of 
glioblastoma [27]. Genetic and molecular analyses of carci-
noma–adjacent histologically normal breast tissue revealed 
RNA signatures associated with significantly worse 10-year 
survival in estrogen receptor-positive breast cancer [28]. 
Therefore, it is plausible that immune markers outside CRC 
tissues demonstrate prognostic potential. Why this is par-
ticularly apparent in early-stage carcinomas is currently 
unclear but may reflect early immune cell trafficking into 
carcinomas. Further work is required to fully assess the 
impact of HLA-DR expression patterns in relation to clinical 
outcomes. We sampled expression in polyp and carcinoma 
cores and found relatively homogenous expression between 
cores; however, expression may be different at the invasive 
margins, and perhaps even more informative. Foukas and 
colleagues report differences in HLA-DR expression in lung 
cancer at different distances to the tumour and posit that this 

Fig. 4   HLA-DR expression is 
lower in carcinoma–adjacent 
epithelial tissue in stage II CRC 
patients who experience carci-
noma recurrence and highest in 
poorly differentiated carcino-
mas. HLA-DR expression was 
lower (p < 0.05) in the epithe-
lium of stage II CRC patients 
experiencing a carcinoma 
recurrence (n = 14) compared 
to those with no recurrence 
(n = 47). This difference was 
only observed in the epithe-
lium of carcinoma–adjacent 
tissue (a), and not in carcinoma 
epithelium or stroma (b). HLA-
DR expression was highest 
in CRC carcinomas with the 
poorest differentiation scores, 
but no change was observed 
in carcinoma–adjacent tissues. 
One-way ANOVA (Kruskal–
Wallis test with Dunn’s multiple 
comparisons) *p < 0.05
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decrease in expression may be driven by soluble tumour fac-
tors and contribute to immunosuppression [29].

Horie and colleagues report greater HLA-DR expression 
in less well differentiated CRC carcinomas, although only 
ten carcinomas were examined [30]. We observed that HLA-
DR expression was highest in poorly differentiated stage II 
carcinomas; however, no difference was observed in the late-
stage CRC cohort.

We observed a progressive loss of HLA-DR as CRC 
developed from adenomas, which was also reported in other 
studies [24, 31]. This contrasts the findings of Sconnochia 
and colleagues (2014) who describe a greater percentage 
of MHC class II positive cells in CRC tissue, compared to 
adenomas or normal adjacent tissue [19]. This disparity 
may be explained by the different respective specificities of 
antibodies used and scoring methods employed, as outlined 
previously. In addition, our observed reduction of HLA-DR 
upon CRC progression from adenoma to carcinoma reflects 
the loss of the HLA-DR molecule itself but may also indi-
cate a loss of the factors driving HLA upregulation or cell 
surface maintenance. Gene alterations occurring during 

Table 3   Results of cox regression (multivariate analysis) on late-
stage cohort

Bolded p values < 0.05 were deemed statistically significant
–Indicates no HR or CI reported during statistical analysis when 
p > 0.05
HR hazard ratio, CI confidence interval

Parameter HR CI p value

Differentiation moderate 2.3 1.2–4.5 0.012
Differentiation poor 4.5 2–10.4 0.0001
Carcinoma size (cm) 1.14 1.01–1.3 0.031
T stage 4 2 1.13–3.5 0.017
Node stage 1 (0–2) – – 0.32
Node stage 2 (0–2) – – 0.073
Node stage 1b – – 0.437
Node stage 2a – – 0.077
Node stage 2b – – 0.584
HLA (normal epithelium) – – 0.664
HLA (normal stroma) – – 0.277
HLA (carcinoma epithelium) – – 0.99
HLA (carcinoma stroma) – – 0.89
No. of nodes – – 0.584

Fig. 5   HLA-DR expression is 
associated with longer overall 
survival when measured in 
carcinoma–adjacent epithelium 
and stroma, but not in carci-
noma compartments. A cohort 
of n = 77 stage II CRC patient 
specimens were segregated 
into HLA-DR high or low 
populations based on median 
expression level, and differences 
in survival time were assessed 
by log rank (Mantel–Cox) test, 
in tissue epithelium and stroma. 
The HLA-DRhigh cohort showed 
a longer survival time compared 
to HLA-DRlow populations, in 
carcinoma–adjacent normal 
colorectal epithelium (a) and 
stroma (b), but no differ-
ence was observed within the 
carcinoma epithelium (c) or 
stroma (d)

A B

C D

P value Hazard
Ra�o

95% CI

Overall 
survival 0.0154 3.621 1.279 -

10.25

P value Hazard
Ra�o

95% CI

Overall 
survival 0.0182 5.068 1.318 -

19.49

P value Hazard
Ra�o

95% CI

Overall 
survival 0.3491 0.6361 0.2468 -

1.640

P value Hazard
Ra�o

95% CI

Overall 
survival 0.6989 0.8322 0.3282 -

2.110

Carcinoma-adjacent epithelium

Carcinoma epithelium

Carcinoma-adjacent stroma

Carcinoma stroma
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cancer development can negatively regulate HLA expression 
[32, 33], for example damage to the class II transactivator 
(CIITA) gene, or large chromosomal deletions, as observed 
in diffuse large B cell lymphomas originating from immune-
privileged sites [34]. Many inflammatory factors drive HLA-
DR upregulation, such as cytokines, hormones and cell sur-
face chaperones, which regulate HLA-DR expression on the 
cell surface [32]. Future mechanistic studies should identify 
and examine whether specific inflammatory mediators can 
drive and maintain HLA-DR expression in CRC tissue (at 
least in the absence of genetic changes), which could direct 
the development of improved targeted therapies [33].

Immunosurveillance protects the body against the 
development of cancer, as well as pathogenic threat, and 
immunodeficiency is associated with increased carcinoma 
incidence [35]. The link between HLA-DR expression in 
many gastrointestinal carcinomas and improved survival is 
thought to reflect effective anti-carcinoma immune involve-
ment, i.e. activation of a robust adaptive T cell response. 
Other immune factors linked with favourable clinical out-
comes and clinical response to immunotherapy include T 
helper (TH)1-associated genes, CD8 T cells, γδ T cells and 
memory T cells [3, 4, 36, 37]. Since HLA-DR mediated 
antigen presentation is critical for priming CD4+ T cell 
effector functions, HLA-DR can also be considered to be 
an integral, upstream part of this anti-carcinoma, TH1 axis, 
suggesting that future studies may benefit from inclusion of 
HLA-DR into prognostic scoring panels. HLA-DR can also 
be expressed by lymphocytes as an activation marker, and 
elevated expression has also been shown to predict patient 
response to neo-adjuvant treatment in the breast cancer set-
ting, further demonstrating the usefulness of this molecule 
[38].

Whether HLA-DR expression by tumour cells results in 
effective antigen presentation to T cells is unclear, but stud-
ies have shown that epithelial cells expressing HLA-DR are 
capable of antigen presentation [7] and cross-presentation 
of tumour-associated antigens by HLA-DR has been hypoth-
esised [32]. Scarlett and colleagues show that significant 
dysfunction in dendritic cells (including MHC class II 
loss) drives cancer development and metastasis in a mouse 
model of inducible human cervical cancer [39]. Interest-
ingly, T cells in this model retained the ability to recog-
nise and respond to antigenic stimuli, even at late cancer 
stages, whereas dendritic cells become dysfunctional upon 
cancer progression. These observations highlight the criti-
cal importance of effective antigen presentation for control 
of carcinoma progression, suggesting that T cell priming, a 
key step in the cancer-immune set point [40], may be just as 
important as traditional immune checkpoints [41]. Indeed, 
HLA-DR may itself represent an important and currently 
underutilised immunotherapeutic target.

Acknowledgements  This work was funded by the Health Research 
Board (MD/AJM).

Author Contributions  JOS contributed to conceptualisation and fund-
ing acquisition; MRD, JJP and AJM performed data curation and for-
mal analysis; MRD, JJP, AJM, CD, PM, SN, MT, RG, DF and KS 
helped in investigations; MRD, JJP, AAM, PM, RG, DF, KS, EJR and 
JOS provided the methodology; EJR, JOS, RG, DF and KS contributed 
to resources; MRD, JJP, AAM and JOS provided the software; MRD, 
JJP, AAM, EJR and JOS helped in visualisation; MRD, JJP, EJR and 
JOS participated in project administration and writing original draft; all 
authors performed validation and writing review and editing.

Funding  The funding to conduct the current study was acquired from 
the Health Research Board (Ireland) (ID: HRB2011/69).

Compliance with ethical standards 

Conflict of interest  The authors declare no conflict of interest.

Ethical approval  This study was performed in adherence to the Dec-
laration of Helsinki ethical principles for medical research involving 
human subjects. Full ethical approval to conduct this study was grant 
by the St. Vincent’s University Hospital ethics committee.

Informed consent  Informed written consent was obtained in accord-
ance with local institutional ethical guidelines.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Siegel RL, Miller KD, Jemal A (2018) Cancer statistics, 2018. CA 
Cancer J Clin [Internet] 68(1):7–30

	 2.	 Young PE, Womeldorph CM, Johnson EK, Maykel JA, Brucher 
B, Stojadinovic A et al (2014) Early detection of colorectal cancer 
recurrence in patients undergoing surgery with curative intent: 
current status and challenges. J Cancer [Internet] 5(4):262–271

	 3.	 Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik 
B, Lagorce-Pagès C et al (2006) Type, density, and location of 
immune cells within human colorectal tumors predict clinical 
outcome. Science [Internet] 313(5795):1960–1964

	 4.	 Gentles AJ, Newman AM, Liu CL, Bratman SV, Feng W, Kim 
D et al (2015) The prognostic landscape of genes and infiltrat-
ing immune cells across human cancers. Nat Med [Internet] 
21(8):938–945

	 5.	 Fridman WH, Zitvogel L, Sautès-Fridman C, Kroemer G (2017) 
The immune contexture in cancer prognosis and treatment. Nat 
Rev Clin Oncol [Internet] 14(12):717–734

http://creativecommons.org/licenses/by/4.0/


1587Cancer Immunology, Immunotherapy (2020) 69:1577–1588	

1 3

	 6.	 Horie Y, Chiba M, Iizuka M, Masamune O (1990) Class II (HLA-
DR, -DP, and -DO) antigens on intestinal epithelia in ulcerative 
colitis, Crohn’s disease, colorectal cancer and normal small intes-
tine. Gastroenterol Jpn [Internet] 25(5):575–584

	 7.	 Mulder DJ, Pooni A, Mak N, Hurlbut DJ, Basta S, Justinich CJ 
(2011) Antigen presentation and MHC class II expression by 
human esophageal epithelial cells: role in eosinophilic esophagi-
tis. Am J Pathol [Internet] 178(2):744–753

	 8.	 Keskinen P, Ronni T, Matikainen S, Lehtonen A, Julkunen I 
(1997) Regulation of HLA class I and II expression by interfer-
ons and influenza A virus in human peripheral blood mononuclear 
cells. Immunology [Internet] 91(3):421–429

	 9.	 van Vreeswijk H, Ruiter DJ, Bröcker EB, Welvaart K, Ferrone S 
(1988) Differential expression of HLA-DR, DQ, and DP antigens 
in primary and metastatic melanoma. J Invest Dermatol [Internet] 
90(5):755–760

	10.	 Samukawa T (1993) Expression of HLA-DR antigen on head and 
neck carcinomas–immunohistological study. Nihon Jibiinkoka 
Gakkai Kaiho [Internet] 96(1):88–97

	11.	 Walsh MD, Dent OF, Young JP, Wright CM, Barker MA, Leggett 
BA et al (2009) HLA-DR expression is associated with better 
prognosis in sporadic Australian clinicopathological Stage C colo-
rectal cancers. Int J Cancer [Internet] 125(5):1231–1237. https​://
doi.org/10.1002/ijc.24484​

	12.	 Warabi M, Kitagawa M, Hirokawa K (2000) Loss of MHC class 
II expression is associated with a decrease of tumor-infiltrating T 
cells and an increase of metastatic potential of colorectal cancer. 
Pathol Res Pract [Internet] 196(12):807–815

	13.	 Cheadle WG, Hershman MJ, Wellhausen SR, Polk HC (1991) 
HLA-DR antigen expression on peripheral blood mono-
cytes correlates with surgical infection. Am J Surg [Internet] 
161(6):639–645

	14.	 Wakefield CH, Carey PD, Foulds S, Monson JRT, Guillou PJ 
(1993) Changes in major histocompatibility complex class II 
expression in monocytes and T cells of patients developing infec-
tion after surgery. Br J Surg [Internet] 80(2):205–209. https​://doi.
org/10.1002/bjs.18008​00224​

	15.	 Fujita T (2015) Interpreting postoperative CRP response and 
HLA-DR depression. Ann Surg [Internet] 261(2):e39

	16.	 Dunne MR, Michielsen AJAJ, O’Sullivan KE, Cathcart MCMC, 
Feighery R, Doyle B et al (2017) HLA-DR expression in tumor 
epithelium is an independent prognostic indicator in esophageal 
adenocarcinoma patients. Cancer Immunol Immunother [Internet] 
66(7):841–850

	17.	 Esteban F, Ruiz-Cabello F, Concha A, Pérez-Ayala M, Sánchez-
Rozas JA, Garrido F (1990) HLA-DR expression is associated 
with excellent prognosis in squamous cell carcinoma of the lar-
ynx. Clin Exp Metastasis [Internet] 8(4):319–328

	18.	 Ma XC, Hattori T, Kushima R, Terata N, Kodama M (1994) 
Expression of HLA-class II antigen in gastric carcinomas: its 
relationship to histopathological grade, lymphocyte infiltration 
and five-year survival rate. Acta Oncol [Internet] 33(2):187–190

	19.	 Sconocchia G, Eppenberger-Castori S, Zlobec I, Karamitopoulou 
E, Arriga R, Coppola A et al (2014) HLA class II antigen expres-
sion in colorectal carcinoma tumors as a favorable prognostic 
marker. Neoplasia [Internet] 16(1):31–42

	20.	 Matsushita K, Takenouchi T, Shimada H, Tomonaga T, Hayashi 
H, Shioya A et al (2006) Strong HLA-DR antigen expression 
on cancer cells relates to better prognosis of colorectal cancer 
patients: possible involvement of c-myc suppression by interferon-
gamma in situ. Cancer Sci [Internet] 97(1):57–63

	21.	 McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, 
Clark GM (2005) REporting recommendations for tumour 
MARKer prognostic studies (REMARK). Eur J Cancer [Internet] 
41(12):1690–1696

	22.	 Andersen SN, Rognum TO, Lund E, Meling GI, Hauge S (1993) 
Strong HLA-DR expression in large bowel carcinomas is associ-
ated with good prognosis. Br J Cancer [Internet] 68(1):80–85

	23.	 Løvig T, Andersen SN, Thorstensen L, Diep CB, Meling GI, 
Lothe RA et al (2002) Strong HLA-DR expression in microsatel-
lite stable carcinomas of the large bowel is associated with good 
prognosis. Br J Cancer 87(7):756–762

	24.	 Gutierrez J, López-Nevot MA, Cabrera T, Oliva R, Esquivias J, 
Ruiz-Cabello F et al (1987) Class I and II HLA antigen distribu-
tion in normal mucosa, adenoma and colon carcinoma: relation 
with malignancy and invasiveness. Exp Clin Immunogenet [Inter-
net] 4(3):144–152

	25.	 de Bruin EC, van de Velde CJH, van Krieken JHJM, Marijnen 
CAM, Medema JP (2008) Epithelial human leukocyte antigen-
DR expression predicts reduced recurrence rates and prolonged 
survival in rectal cancer patients. Clin Cancer Res [Internet] 
14(4):1073–1079

	26.	 Morita M, Tanaka K, Kawanishi H, Tsuji M, Ookusa T, Takada H 
et al (1995) Immunohistochemically demonstrated expression of 
HLA-DR antigen in colorectal adenocarcinomas and its relation 
to clinicopathological features. J Surg Oncol [Internet] 59(4):233–
238. https​://doi.org/10.1002/jso.29305​90407​

	27.	 Prasanna P, Patel J, Partovi S, Madabhushi A, Tiwari P (2017) 
Radiomic features from the peritumoral brain parenchyma on 
treatment-naïve multi-parametric MR imaging predict long ver-
sus short-term survival in glioblastoma multiforme: preliminary 
findings. Eur Radiol [Internet] 27(10):4188–4197. https​://doi.
org/10.1007/s0033​0-016-4637-3

	28.	 Troester MA, Hoadley KA, D’Arcy M, Cherniack AD, Stewart 
C, Koboldt DC et al (2016) DNA defects, epigenetics, and gene 
expression in cancer-adjacent breast: a study from The Cancer 
Genome Atlas. NPJ Breast Cancer [Internet] 2(1):16007

	29.	 Foukas PG, Tsilivakos V, Zacharatos P, Mariatos G, Moschos 
S, Syrianou A et al (2001) Expression of HLA-DR is reduced 
in tumor infiltrating immune cells (TIICs) and regional lymph 
nodes of non-small-cell lung carcinomas: a putative mechanism 
of tumor-induced immunosuppression? Anticancer Res [Internet] 
21(4A):2609–2615

	30.	 Horie Y, Chiba M, Iizuka M, Igarashi K, Masamune O (1990) 
HLA antigens on colorectal adenoma and cancer cells. Tohoku J 
Exp Med [Internet] 160(4):311–322

	31.	 Teh M, Wee A, Raju GC (1994) HLA-DR antigen expression 
in colonic adenomas and adenocarcinomas. Pathology [Internet] 
26(2):123–126

	32.	 Seliger B, Kloor M, Ferrone S (2017) HLA class II antigen-pro-
cessing pathway in tumors: molecular defects and clinical rel-
evance. Oncoimmunology [Internet] 6(2):e1171447. https​://doi.
org/10.1080/21624​02X.2016.11714​47

	33.	 Altomonte M, Fonsatti E, Visintin A, Maio M (2003) Targeted 
therapy of solid malignancies via HLA class II antigens: A new 
biotherapeutic approach? Oncogene [Internet] 22(42):6564–6569. 
https​://doi.org/10.1038/sj.onc.12069​60

	34.	 Riemersma SA, Jordanova ES, Schop RF, Philippo K, Looijenga 
LH, Schuuring E et al (2000) Extensive genetic alterations of the 
HLA region, including homozygous deletions of HLA class II 
genes in B-cell lymphomas arising in immune-privileged sites. 
Blood [Internet] 96(10):3569–3577

	35.	 Corthay A (2014) Does the immune system naturally protect 
against cancer? Front Immunol [Internet]. https​://doi.org/10.3389/
fimmu​.2014.00197​/abstr​act

	36.	 Doi T, Piha-Paul SA, Jalal SI, Saraf S, Lunceford J, Koshiji M 
et al (2018) Safety and antitumor activity of the anti-programmed 
death-1 antibody pembrolizumab in patients with advanced esoph-
ageal carcinoma. J Clin Oncol [Internet] 36(1):61–67

	37.	 Van Allen EM, Miao D, Schilling B, Shukla SA, Blank C, 
Zimmer L et  al (2015) Genomic correlates of response to 

https://doi.org/10.1002/ijc.24484
https://doi.org/10.1002/ijc.24484
https://doi.org/10.1002/bjs.1800800224
https://doi.org/10.1002/bjs.1800800224
https://doi.org/10.1002/jso.2930590407
https://doi.org/10.1007/s00330-016-4637-3
https://doi.org/10.1007/s00330-016-4637-3
https://doi.org/10.1080/2162402X.2016.1171447
https://doi.org/10.1080/2162402X.2016.1171447
https://doi.org/10.1038/sj.onc.1206960
https://doi.org/10.3389/fimmu.2014.00197/abstract
https://doi.org/10.3389/fimmu.2014.00197/abstract


1588	 Cancer Immunology, Immunotherapy (2020) 69:1577–1588

1 3

CTLA-4 blockade in metastatic melanoma. Science [Internet] 
350(6257):207–211. https​://doi.org/10.1126/scien​ce.aad00​95

	38.	 Saraiva DP, Jacinto A, Borralho P, Braga S, Cabral MG (2018) 
HLA-DR in Cytotoxic T lymphocytes predicts breast cancer 
patients’ response to neoadjuvant chemotherapy. Front Immunol 
[Internet]. https​://doi.org/10.3389/fimmu​.2018.02605​/full

	39.	 Scarlett UK, Rutkowski MR, Rauwerdink AM, Fields J, Esco-
var-Fadul X, Baird J et al (2012) Ovarian cancer progression is 
controlled by phenotypic changes in dendritic cells. J Exp Med 
[Internet] 209(3):495–506

	40.	 Chen DS, Mellman I (2017) Elements of cancer immunity and the 
cancer-immune set point. Nature [Internet] 541(7637):321–330

	41.	 Vonderheide RH (2018) The immune revolution: a case for prim-
ing, not checkpoint. Cancer Cell [Internet] 33(4):563–569

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1126/science.aad0095
https://doi.org/10.3389/fimmu.2018.02605/full

	Characterising the prognostic potential of HLA-DR during colorectal cancer development
	Abstract
	Introduction
	Materials and methods
	Patient cohorts and specimens
	Adenomas
	CRC cohort—all stages
	CRC stage II cohort
	CRC late-stage cohort

	HLA-DR immunohistochemistry analysis using tissue microarrays
	Statistical analyses

	Results
	HLA-DR expression is associated with a longer survival time when measured in carcinoma and carcinoma–adjacent epithelium, but not in stroma
	HLA-DR expression diminishes during CRC development
	HLA-DR expression is lower in late-stage CRC stroma compared to carcinoma–adjacent stroma
	HLA-DR clinical correlations in stage II CRC​
	HLA-DR expression in stage II carcinoma–adjacent tissue is positively associated with survival time

	Discussion
	Acknowledgements 
	References




