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High endothelial venules are associated with microsatellite
instability, hereditary background and immune evasion
in colorectal cancer
Pauline L. Pfuderer1,2,3, Alexej Ballhausen1,2,3, Florian Seidler1,2,3, Hans-Jürgen Stark1,2,3, Niels Grabe4,5, Ian M. Frayling6, Ann Ager7,
Magnus von Knebel Doeberitz1,2,3, Matthias Kloor1,2,3 and Aysel Ahadova1,2,3

BACKGROUND: Microsatellite-unstable (MSI) tumours show a high load of mutational neoantigens, as a consequence of DNA
mismatch repair deficiency. Consequently, MSI tumours commonly present with dense immune infiltration and develop immune
evasion mechanisms. Whether improved lymphocyte recruitment contributes to the pronounced immune infiltration in MSI
tumours is unknown. We analysed the density of high endothelial venules (HEV) and postcapillary blood vessels specialised for
lymphocyte trafficking, in MSI colorectal cancers (CRC).
METHODS: HEV density was determined by immunohistochemical staining of FFPE tissue sections from MSI (n= 48) and
microsatellite-stable (MSS, n= 35) CRCs. Associations with clinical and pathological variables were analysed.
RESULTS:We found elevated HEV densities in MSI compared with MSS CRCs (median 0.049 vs 0.000 counts/mm2, respectively, p=
0.0002), with the highest densities in Lynch syndrome MSI CRCs. Dramatically elevated HEV densities were observed in B2M-mutant
Lynch syndrome CRCs, pointing towards a link between lymphocyte recruitment and immune evasion (median 0.485 vs 0.0885
counts/mm2 in B2M-wild-type tumours, p= 0.0237).
CONCLUSIONS: Our findings for the first time indicate a significant contribution of lymphocyte trafficking in immune responses
against MSI CRC, particularly in the context of Lynch syndrome. High HEV densities in B2M-mutant tumours underline the
significance of immunoediting during tumour evolution.
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BACKGROUND
Genomic instability in cancer can arise through two main
mechanisms: chromosomal and microsatellite instability. Micro-
satellite instability (MSI) is caused by a defect in the DNA
mismatch repair (MMR) system, which can occur sporadically by
epigenetic alterations in the MLH1 gene, or in the context of
the most common inherited cancer syndrome, named Lynch
syndrome, by mutational inactivation of one of the four MMR
genes (MLH1, MSH2, MSH6 and PMS2).1 As a consequence,
mismatches occurring during DNA replication cannot be cor-
rected, and small insertion/deletion mutations accumulate at short
repetitive stretches called microsatellites.
Accumulation of uncorrected mutations at microsatellites leads

to shifts of the translational reading frame and generation of long
stretches of the so-called frameshift peptides (FSPs), potentially
containing highly immunogenic epitopes.2 The high immuno-
genicity of MSI-induced neoantigens is thought to explain the
dense infiltration of tumour tissue with cytotoxic T cells,3 and
hence the favourable prognosis of patients with MSI cancers, in

contrast to patients with MSS cancers,4–6 and the particularly good
response to immune checkpoint blockade.7 In addition, 30% of
MSI CRCs present with mutations of the B2M gene encoding for
the light chain of MHC class I molecule.8,9 Such B2M mutations
lead to the synthesis of a truncated B2M protein, thereby
completely abrogating MHC class I-associated antigen expression
and contributing to immune evasion. The outgrowth of B2M-
mutant tumour cell clones represents a manifestation of cancer
immunoediting concept10–12 and further supports high immuno-
genicity of MSI CRCs and their active immune surveillance.13

However, the mechanisms of lymphocyte recruitment that may
contribute to the pronounced immune infiltration of MSI cancers
have not yet been determined.
High endothelial venules (HEVs) are postcapillary venules

specialised for lymphocyte trafficking.14 Endothelial cells lining
HEVs express on their cell surface peripheral node addressins
(PNAd), molecules which are important for lymphocyte homing.
HEVs attract naive and central memory lymphocytes from the
bloodstream into lymph nodes, where they scan antigen-
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presenting cells for activating or tolerogenic stimuli.15 Recently,
HEVs were also found in tumours of different origin, including
colorectal, breast, ovarian, lung cancer and melanomas,16,17

implying the possibility of direct lymphocyte recruitment into
cancer tissue. Moreover, the density of HEVs has been shown to
correlate with T-cell infiltration in tumours and survival of patients
with breast cancer.16

In this study, we analysed whether HEVs play a role in the
pronounced immune cell infiltration of MSI CRCs by assessing
their density in MSI and MSS CRC tissues. Moreover, we aimed to
identify additional clinicopathological factors potentially asso-
ciated with the presence of HEVs in colorectal tumours.

METHODS
Tumour samples
Formalin-fixed paraffin-embedded (FFPE) tumour tissue blocks
were collected at the Department of Applied Tumour Biology,
Institute of Pathology, University Hospital Heidelberg, as part of
the German HNPCC Consortium. Informed and written consent
was provided by all patients, and the study approval was obtained
from the Institutional Ethics Committee.

Immunohistochemical staining
FFPE tissue sections (2 µm) were used for immunohistochemical
staining. Deparaffinisation, rehydration and staining were
performed according to standard protocols as described
previously.18,19 For HEV staining, the rat monoclonal antibody
MECA-79 (Santa Cruz Biotechnology, Dallas, TX, USA, clone
SC-19602) was applied as a primary antibody at 1:750 dilution;
as a secondary antibody, the biotinylated goat anti-rat antibody
(Vector Laboratories, Burlingame, CA, USA) was used at 1:100
dilution. For PD-L1 staining, anti-PD-L1 rabbit monoclonal
antibody (Ventana Medical Systems, Tucson, AZ, USA, clone
SP263) was used, CD3 staining was performed using the α-CD3
(Abcam, Cambridge, UK, clone SP7) rabbit monoclonal
antibody at 1:200 dilution, PD1 staining was performed using
the α-PDCD1 mouse monoclonal antibody (1:50 dilution, Abcam,
clone NAT105), CD20 staining was performed using the α-CD20
(Santa Cruz, clone D-10) mouse monoclonal antibody at 1:200
dilution, and cytokeratin staining was performed using mouse
monoclonal antibody, clone AE1/AE3 (Dako) at 1:50 dilution; as a
secondary antibody in PD-L1, PD1 and CD3 staining, biotinylated
horse anti-mouse/anti-rabbit antibody (Vector Laboratories,
Burlingame, CA, USA) was used at 1:50 dilution. Staining
visualisation was performed using the Vectastain elite ABC
detection system (Vector Laboratories, Burlingame, CA, USA) and
3,3′-Diaminobenzidine (Dako North America Inc., Carpinteria, CA,
USA) as a chromogen. Finally, slides were counterstained with
haematoxylin.

Evaluation of HEV density
The HEVs were identified through positive staining with MECA-79
antibody and histomorphological properties characteristic of cells
comprising HEVs, such as a cuboidal shape of high endothelial
cells.15,17 Spatially separated MECA-79-positive HEVs were counted
under a light microscope at ×4 objective magnification. Repre-
sentative MECA-79-positive HEVs are shown in Supplementary
Fig. S1. A randomly selected subset of slides was evaluated by a
second observer (r= 0.93, p= 0.00012, Spearman correlation). The
observers were blinded for any clinical parameters, such as age,
gender, stage, hereditary background, and molecular tumour
characteristics. All counts were normalised per mm2 of tissue.
Finally, MECA-79-positive HEVs were calculated for each sample as
counts per mm2 following the formula:

overall HEVs counts=mm2
� � ¼

P
counts intratumoural and peritumoural

area tumour and peritumoural

Intratumoural and peritumoural were calculated separately
from each other (Fig. 1c–e, Supplementary Fig. S2). Counts in
the peritumoural region were calculated as follows:

peritumoural HEVs counts=mm2
� � ¼

P
counts peritumoural

area tumour andperitumoural� area tumour

and intratumoural HEV densities were calculated as

intratumoural HEVs counts=mm2
� � ¼

P
counts intratumoural

area tumour

Slides were scanned using a Hamamatsu NanoZoomer Digital
Pathology system (Hamamatsu, Hamamatsu City, Japan) and
analysed with NDP.view 2 software.

Evaluation of PD-L1 expression
Samples were microscopically examined for PD-L1 expression and
scored as negative, weak, medium or strong based on the
percentage of staining-positive tissue area (0%, 1% to <10%,
10–40% and >40%, respectively). Scoring was performed inde-
pendently by two observes, and observers were blinded during
the scoring process.

Evaluation of intratumoural CD3-positive T-cell density
Quantification of CD3 was performed as previously described.19 In
digitised images of IHC staining, four random 0.25-mm2 squares
were drawn and positive cells in the tumour region were counted,
giving mean values per 0.25 mm2. Lymph follicles and germinal
centres were identified on the basis of their morphological
appearance and positive staining for CD20, and the counts were
normalised per mm2 of the tissue.

Preparation of age-independent cohorts
Samples from the MSI sporadic group were age-matched with
samples from the hereditary MSI and MSS cohorts. Overall, 20
matches for each cohort could be performed. Age independency
was assessed in a Welch two-sample t test (Supplementary Fig. S3b).

B2M-mutation analysis
Mutation status of B2M was determined by Sanger sequencing as
described previously.8 Briefly, PCR amplification of B2M exons 1
and 2 was performed using primer sequences: Exon 1 For—
GGCATTCCTGAAGCTGACA, Exon 1 Rev— AGAGCGGGAGAGGAA
GGAC, Exon 2a For—TTTCCCGATATTCCTCAGGTA, Exon 2a Rev—
AATTCAGTGTAGTACAAGAG and Exon 2b For—TGTCTTTCA
GCAAGGACTGG, Exon 2b Rev—CAAAGTCACATGGTTCACACG.
After purification of the obtained PCR products (QIAquick PCR
Purification Kit), the sequencing reaction was performed using the
BigDye® Terminator v1.1 Cycle Sequencing Kit (Thermo Fisher
Scientific, Wilmington, DE, USA). Precipitated products were
dissolved in 12 µl of HiDi Formamide (Thermo Fisher Scientific,
Wilmington, DE, USA), sequenced on ABI 3130xl Genetic Analyzer
and evaluated using Sequencing Analysis Software (Applied
Biosystems).

Statistical calculations
If not specified otherwise, p-values were calculated using
the nonparametric Wilcoxon rank-sum test. For data following
t-distribution, p-values were calculated using Welch two-sample
t test, and for discrete values, a chi-square test was performed. As
a measure of significance, p ≤ 0.05 was applied. All statistical
analyses were performed in RStudio20 (version 1.1.453).

RESULTS
HEV density in MSI and MSS colorectal cancers
We first aimed to analyse whether the density of HEVs in tumours
is related to the MSI phenotype. By comparing 48 MSI against 35
MSS CRCs, we found a striking difference in the HEV density, with
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MSI CRCs having significantly higher HEV density (median MSI=
0.049 vs median MSS= 0.000 counts/mm2, p= 0.0002, Fig. 1).
HEVs were preferentially located within the peritumoural region
(43/54, 79.6% of HEV-positive CRCs) and less frequently found
within the intratumoural area (22/54, 40.7% of HEV-positive CRCs);

some tumours presented with both intra- and peritumoural HEVs
(Fig. 1c–e, Supplementary Fig. S2). Intra- and peritumoural did not
differ regarding morphology.
Our MSI cohort comprises sporadic and hereditary MSI

CRCs. Therefore, we next analysed the density of HEVs in sporadic
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(n= 28) and hereditary (n= 20) MSI CRCs separately. The analysis
revealed a significantly elevated overall HEV density (intra- and
peritumoural) in MSI hereditary CRCs in comparison with their
sporadic counterparts (median hereditary= 0.094 vs median
sporadic= 0.025 counts/mm2, p= 0.0255, Fig. 1a). There was also
a significant increase in the density of peritumoural HEVs:
hereditary MSI CRCs presented with significantly elevated HEV
densities as compared with sporadic counterparts (median=
0.136 vs median= 0.000 counts/mm2, p= 0.0104, Fig. 1b). Spora-
dic MSI CRC samples showed a significantly elevated HEV density
(p= 0.0159, Fig. 1a), compared with MSS CRC (median MSI= 0.025
vs median MSS= 0.000 counts/mm2), when intra- and peritu-
moural HEVs were calculated together.

Correlation of HEV density with clinical parameters
Unlike sporadic cancer patients, Lynch syndrome patients are
diagnosed with cancer at a younger age, due to genetic
predisposition.21,22 We therefore asked whether the strong
correlation of high HEV density with hereditary MSI tumour
phenotype was a function of the younger age of Lynch syndrome
patients, or possibly, whether this phenomenon was related to
older age, due to long-term exposure of the immune system of
Lynch syndrome patients to FSP neoantigens.23–25 First, we
analysed the age distribution in our cohorts: as expected, age at
CRC diagnosis differed significantly between three patient groups:
while the mean age in the hereditary MSI CRC group was 52.7
years, the mean age of sporadic MSI CRC patients was 70.3 years,
and the mean age of MSS CRC patients was 58.9 (Supplementary
Fig. S3a). However, when we analysed the HEV density solely in
relation to patients’ age at diagnosis, remarkably, we did not find
any differences (Fig. 2a, Supplementary Fig. S3c). Similarly, no
correlation was detectable between HEV density and patients’ age
at diagnosis, upon dissecting the three different patient groups
(Supplementary Fig. S3d–f).
As a next step, we compiled three age-matched groups with

hereditary MSI, sporadic MSI and MSS CRC patients (Supplemen-
tary Fig. S3b). Comparison of HEV densities between these age-
independent patient groups confirmed the significantly elevated
HEV density in hereditary MSI CRC (median= 0.1275 counts/mm2)
when compared with sporadic MSI (median= 0.0255 counts/
mm2) and MSS (median= 0.002 counts/mm2) CRCs (p= 0.002 and
p= 8.9 × 10−6, respectively, Fig. 2b).
Furthermore, we analysed the correlation of HEV densities with

tumour stage. The distribution of HEV densities among different
tumour stages suggested potentially higher HEV counts in
tumours with a lower stage; however, statistical significance could
not be reached, most likely due to limited sample size for each
tumour stage (Fig. 2c, d).

Correlation of HEV density with immune infiltration and immune
evasion markers
To investigate the relation between HEV density and immune
infiltration, we first analysed the presence of CD3- and CD20-
positive immune cells in the vicinity of HEVs. CD3-positive T cells
were found to be localised directly around HEVs, whereas CD20-
positive cells marked the germinal centres of the lymph follicles

associated with the HEVs (Fig. 3, Supplementary Figs. S4 and S5).
Next, intratumoural CD3-positive T-cell density was assessed in a
subgroup of MECA-79-stained MSI CRCs. Although not reaching
significance (p= 0.1637), a trend towards a higher CD3-positive
cell infiltration in HEVhigh tercile was observed, as compared with
two terciles presenting with lower HEV densities (Fig. 4a).
Furthermore, PD1-positive intratumoural T-lymphocyte infiltration
was assessed. HEVhigh MSI CRCs presented with higher PD1-
positive T-cell infiltration, as compared with HEVlow counterparts.
However, a significant difference was not observed (p= 0.3361,
Fig. 4b). We also analysed the density of lymph follicles and
germinal centres in MSI hereditary, MSI sporadic and MSS cohorts
and correlated it with HEV densities. As expected, lymph follicle
densities were significantly elevated in hereditary and sporadic
MSI tumours compared with MSS tumours. Densities of lymph
follicles with a germinal centre were also elevated in hereditary
MSI tumours compared with MSS tumours. No significant
difference in lymph follicle and germinal centre densities was
observed between MSI hereditary and MSI sporadic tumours.
Importantly, a significant correlation between HEV and lymph
follicle densities, as well as between HEV and lymph follicle with
germinal centre densities was observed (Supplementary Fig. S5
and S6c–f).
Mutations of the B2M gene have been previously reported in

30% of MSI CRCs, with a higher proportion of B2M mutations in
Lynch syndrome-associated compared with sporadic MSI CRCs.8

We therefore analysed the HEV densities separately in B2M-mutant
(n= 21) and B2M-wild-type (n= 26) MSI CRCs. Here, B2M-mutant
tumours showed higher HEV densities compared with B2M-wild
type tumours (median 0.139 vs 0.052 counts/mm2, p= 0.0116,
Fig. 4c). We then analysed B2M-mutant hereditary MSI CRCs
separately from sporadic ones and compared each of the groups
with their B2M-wild-type counterparts. Among hereditary
tumours, B2M-mutant MSI CRCs (n= 13) presented with signifi-
cantly higher HEV density compared with B2M-wild-type (n= 16)
tumours (median 0.485 vs 0.089 counts/mm2, p= 0.0237, Fig. 4c).
In addition to their high HEV density, B2M-mutant (n= 12)

tumours also presented with stronger PD-L1 expression (p=
0.0161, Pearson’s chi-squared test) in comparison with their B2M-
wild-type (n= 14) counterparts (Fig. 4d).

DISCUSSION
We observed an increased HEV density in MSI compared with MSS
CRCs. To the best of our knowledge, this is the first study showing
a relation between HEV density and MSI. A previous study
addressing this question did not find a correlation of HEV densities
with MSI status,17 most likely due to the limited number of only
four MSI CRC samples analysed. The increased density of HEVs
adjacent to MSI CRCs suggests that HEVs may contribute to the
pronounced immune infiltration typically observed in MSI CRCs,
by attracting circulating lymphocytes from the bloodstream
directly to the tumour site.4,5,26

The increased density of HEVs in MSI tumours could be due to
the high antigenic load and immunogenicity of MSI CRCs.2

However, the induction of HEV neogenesis in tumours is poorly

Fig. 1 HEV density in sporadic MSI, hereditary MSI and MSS CRC samples. a Overall HEV density. MSI CRCs showed significantly elevated HEV
densities as compared with MSS CRCs (p= 0.0002). Comparing MSI hereditary and sporadic MSI or MSS CRCs revealed a significantly elevated
HEV density in hereditary MSI CRCs (p= 0.0255 and p= 3.9 × 10–5, respectively). MSI sporadic CRCs also showed significantly elevated HEV
densities as compared with MSS CRCs (p= 0.0159). b Peritumoural HEV density. Considering only peritumoural HEVs, MSI CRCs with Lynch
syndrome background revealed elevated HEV densities within this group, as compared with MSI sporadic and MSS (p= 0.010 and p= 0.0018,
respectively). Black lines in boxes indicate the median value; cross indicates the mean value. Significance levels are depicted with asterisks
(*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001). c Representative image for HEV staining in MSI CRC of hereditary origin, d image for HEV
staining in MSI CRC of sporadic origin and e presents HEV staining in MSS CRC. The boundary between the intratumoural (it) and peritumoural
(pt) area is marked by a dashed line. Scale bar in c–e is 1 mm and HEVs are indicated by black arrows. All p-values were obtained from a
nonparametric Wilcoxon rank-sum test
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understood. HEV neogenesis has been previously shown to occur
under chronic inflammatory conditions,14,27 such as the Crohn’s-
like reaction frequently observed in MSI tumours.3,4 One possible
inducer of HEV neogenesis could be inflammatory cytokines, such
as lymphotoxins. Lymphotoxin-α has been shown to have a role in
HEV neogenesis. Furthermore, the lymphotoxin-αβ complex
expressed by dendritic cells has been implicated in HEV
neogenesis in mouse models and in human breast cancer
cells.15,28 Recent findings describing HEV neogenesis upon tissue
infiltration with activated T cells suggested a role for HEV in
tumour destruction.29,30 A strong local immune response depen-
dent on the recruitment of circulating lymphocytes by HEV could
therefore be important for defeating MSI cancers. Studies
analysing the induction of HEV neogenesis in MSI cancers are
warranted, in order to identify potential targets for immune
therapeutic approaches.

In line with previous publications, HEVs were in general more
frequently found in peritumoural areas than intratumourally.17,31

Recognition by the MECA-79 antibody of a glycoantigen structure
also present in a subset of CRCs (about 40%)15,17,32–34 resulted in
positive staining of the tumour epithelium doppelte Beschreibung
des subsets. However, this staining was clearly not indicative of
HEVs and therefore was not accounted for by the observers
(Supplementary Fig. S1a, b).
The comparison of HEV densities between sporadic and

hereditary MSI CRCs revealed a significant difference, with
higher HEV densities in hereditary MSI CRC. As sporadic MSI CRC
patients are commonly of older age than hereditary MSI CRC
patients,21,22 we suspected that the observed differences could
be caused by the difference in the average age of patients from
these two groups. However, age alone did not have a
measurable influence on HEV densities. To exclude a possible
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influence of age on the observed differences, we compiled age-
matched groups of sporadic and hereditary MSI and MSS CRC:
the comparison of HEV counts in age-matched groups again
indicated substantially higher HEV counts in the hereditary MSI
group. Hence, these data suggest a fundamental difference in
the anti-tumoural immune response between hereditary and
sporadic MSI cancers, as even after age-matching, the observed
differences remained significant. Our study supports previous
observations of an elevated immune cell infiltration in heredi-
tary compared with sporadic MSI colorectal cancers (reviewed
by Shia et al.,35,36 Supplementary Fig. S6a, b). Furthermore, it
suggests enhanced lymphocyte trafficking towards manifest
tumours in Lynch syndrome individuals compared with sporadic
MSI CRC patients and for the first time evaluates the

contribution of HEVs to the immune microenvironment of
different molecular CRC types, particularly delineating funda-
mental differences between immune response in hereditary and
sporadic MSI CRC patients. Moreover, observation of a stronger
immune infiltration in MSI hereditary endometrial tumours
compared with sporadic ones,37 suggests that the difference
between sporadic and hereditary MSI tumours may not be
restricted to CRCs, but applies to a broad spectrum of Lynch
syndrome-associated tumours. As expected, we also observed
enhanced lymph follicle counts in MSI vs MSS CRC. However,
differentiation between hereditary and sporadic MSI CRCs based
on the lymph follicle counts alone was not statistically
significant (Supplementary Fig. S6c, d). It is plausible to
speculate that, in contrast to lymph follicle counts, which are
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less informative taken alone, HEVs reflect more the functional
status of the immune milieu in a tumour.
Lynch syndrome mutation carriers have circulating T cells,

specifically recognising MSI-induced neoantigens, which can be
detected in peripheral blood even before cancer manifestation.23

Such immune responses are most likely triggered by MMR-
deficient crypt foci harbouring mutations that give rise to FSP
neoantigens.24,25 Previous studies have shown the relevance of
immune cell recruitment from the bloodstream via HEVs into the
site of inflammation for the successful immune response.29,38–41 In
Lynch syndrome patients, HEVs may facilitate the recruitment of

FSP-specific T cells, including recently primed cytotoxic CD8
T cells42 or naive T cells, which get activated on-site, from the
blood to colon tissue affected by MMR-deficient lesions. This
possibly contributes to their elimination by the local immune
surveillance43 and may explain the limited penetrance of Lynch
syndrome, with only 50% life-time CRC risk, despite the presence
of thousands of MMR-deficient crypt foci in Lynch syndrome
mutation carriers.24

It has been shown that MMR-deficient crypt foci are present in
normal colonic mucosa of Lynch syndrome patients, but not in
sporadic MSI CRC patients, with cancers arising from right-sided
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Fig. 4 Association of HEV densities with immune response and immune evasion markers in MSI CRCs. a Immune infiltration detected with
CD3 marker compared in MSI tumours with high HEV densities (highest tercile) vs MSI CRCs with lower HEV densities (two lower terciles)
reveals a tendency towards higher infiltration in HEVhigh CRCs, although not reaching significance (p= 0.1637, Wilcoxon rank-sum test). b PD1-
positive T lymphocytes in MSI CRCs are slightly higher in tumours with high HEV densities, as compared with those with lower HEV densities,
but significance was not reached (p= 0.3361, Wilcoxon rank-sum test). c HEV densities in B2M-mutant (grey) and B2M-wild-type (black) MSI
CRCs. HEV densities in B2M-mutant CRCs were significantly higher than in their B2M-wild-type counterparts (p= 0.0116, Wilcoxon rank-sum
test). Upon dissecting MSI CRCs into hereditary and sporadic subgroups, B2M-mutant hereditary CRCs showed significantly elevated HEV
densities, as compared with their B2M-wild-type counterparts (p= 0.0237) and d intratumoural PD-L1 expression was significantly higher in
B2M-mutant MSI CRCs, as compared with their B2M-wild-type counterparts (p= 0.0161, Pearson’s chi-squared test). The black line indicates the
median value. Significance levels are depicted with asterisks (*—p ≤ 0.05)
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BRAF-mutant serrated lesions.24,44,45 A history of completely
different precursor lesions in sporadic and hereditary MSI CRCs
could be an explanation for a weaker immune activation in
sporadic MSI CRCs compared with hereditary ones. Thus, it is
conceivable that the lifelong autoimmunisation that takes place in
the colonic mucosa of Lynch syndrome mutation carriers, but
presumably not in sporadic MSI CRC patients, is responsible for
the activation of the local immune microenvironment triggering
HEV neogenesis via immune-activation signalling. The newly
formed HEVs in turn recruit more lymphocytes, which may again
induce HEV neogenesis, thereby constantly feeding the auto-
immunisation loop. Such an auto-immunisation loop suggested to
take place in Lynch syndrome-associated CRCs can be well
integrated in the previously suggested self-amplifying loop
between activated T cells and HEV neogenesis (Fig. 5), ultimately
leading to possible elimination of precancerous or even cancerous
lesions.29

We found significantly higher HEV densities in tumours with
a B2M mutation in comparison with B2M-wild-type MSI CRCs.
This association was observed even within the hereditary
MSI group, which presented with the highest HEV counts
among MSI CRCs. Previously, B2M mutations in MSI CRCs have
been shown to correlate with a low number of FOXP3-positive
T cells in the normal mucosa adjacent to tumour tissue, as well
as with a high number of PD1-positive activated T cells in the
tumour tissue, suggesting the role of active immune micro-
environment in the induction of immune evasion.19,46 High HEV
densities in B2M-mutant tumours corroborate these previous
findings and imply that under strong immunoselective pressure
created by immune cells recruited via HEVs, tumour cells which

have lost MHC class I-associated antigen expression gain growth
advantage, according to the immunoediting concept,12 thus
revealing a major role of HEVs in enhancing the immunoselec-
tive pressure on highly immunogenic cancers. Taken together
with the high HEV counts in Lynch syndrome CRCs, our findings
point towards a longer process of immunoediting in Lynch
syndrome CRCs, possibly due to pre-existing MMR-deficient
crypts, explaining the higher proportion of B2M mutations in the
tumours from Lynch syndrome patients compared with the
sporadic ones.8

Taking into account the strong correlation of B2M mutations
with better prognosis and low risk of distant metastasis in MSI
CRCs,8,47 most likely explainable by lack of platelet binding
essential for metastasis,48 HEV density may represent another
prognostic marker for survival of patients with MSI CRC,
particularly in Lynch syndrome scenario. In fact, a high density
of HEVs may also contribute to local immune surveillance and the
limited metastatic potential of MSI cancers.4 Studies analysing the
functional impact of HEVs on metastasis formation are warranted.
In addition, HEVs could also potentially be of predictive value

for treatment response towards immune checkpoint blockers
(ICB). Previously, B2M mutations have been suggested to induce
acquired resistance to ICB therapy.49 On the contrary, a recent
study by Middha et al. demonstrated that patients with B2M-
mutant CRCs can still achieve clinical benefit from ICB.50 Our study
did not address the predictive value of HEV densities for ICB
therapy. However, B2M-mutant tumours in our study not only had
elevated HEV densities, but also higher levels of PD-L1 expression,
suggesting secretion of IFN-gamma as a result of a prolonged
immune interaction, which in turn favoured the acquisition of B2M

1) T-cell priming by
MMR-deficient

crypt foci

2) FSP-specific
T cells 3) Cytokine

secretion

4) HEV neogenesis

Naive T cell

FSP-specific T cell

HEV

Cytokines

MMR-proficient crypt

MMR-deficient crypt

MMR-deficient cell

Lysed B2M -wild-type cell

B2M-mutant MMR- deficient cell

6) Enhanced local
immune response

5) Recruitment of
naive T cells

7) Immune evasion
(B2M mutation)

Fig. 5 Graphical summary. Model of auto-immunisation loop in Lynch syndrome. In Lynch syndrome, the host immune system can be primed
against FSP neoantigens by precursor lesions, MMR-deficient crypts, existing in the normal colonic mucosa long before tumour manifestation.
Recurrent exposure of the immune cells to FSP neoantigens expressed in MMR-deficient crypts leads to the generation of an FSP-specific T-cell
pool. When a tumour arises, FSP-specific T cells can promptly recognise the FSP neoantigens expressed on the tumour cells and release
cytokines, which could induce neogenesis of HEVs. New HEVs, in turn, can recruit more naive T cells, which would undergo maturation
through exposure to the neoantigens into FSP-specific T cells. Newly formed FSP-specific T cells release more cytokines, potentially leading to
generation of more HEVs. This self-amplifying loop keeps MSI tumour cells under constant immune pressure and promotes selection and
outgrowth of cell clones lacking antigen expression via MHC class I via acquisition of B2M mutations, enabling immune escape. Thereby, HEVs
can contribute to immunoediting of MSI tumour cells.
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mutation, leading to loss of antigen presentation via MHC class I
and immune escape. The implications of this finding with regard
to the predictive value of HEVs for immunotherapy in MSI cancers
should be addressed by future studies.
It is important to note that our study has an observational

design, and in order to draw functional conclusions regarding
HEVs and their role in anticancer immunity, further studies using
suitable animal models are required.
In conclusion, our data provide evidence that the elevated

HEV densities reflect the active immune milieu in MSI colorectal
tumours. HEVs may support recruitment of FSP-specific T cells
to MSI cancer tissues, thereby contributing to a strong immune-
selective pressure that favours the outgrowth of cell
clones, which acquired immune evasion mechanisms. Our
findings underline the impact of immune surveillance in cancer
and corroborate the concept of immunoediting in tumour
evolution.

ACKNOWLEDGEMENTS
The great support of Petra Höfler, Nina Nelius, Jonas Janikovits, Jonathan Dörre,
Alexandra Krauthoff, Sebastian Degner, Moritz Przybilla, Daniel Heid, Michael
Jendrusch and Stefan Holderbach is gratefully acknowledged.

AUTHOR CONTRIBUTIONS
A.Ah., M.K., A.Ag., M.v.K.D. and I.M.F. prepared the study concept and design. P.L.P., A.
Ah., F.S. and H-J.S. performed experiments and analysed the data. A.B. and N.G.
participated in data acquisition and analysis. P.L.P., A.Ah., I.M.F., A.Ag. and M.K.
performed data interpretation. All authors were involved in writing the paper and
had final approval of the submitted and published versions.

ADDITIONAL INFORMATION
Supplementary information is available for this paper at https://doi.org/10.1038/
s41416-019-0514-6.

Competing interests: The authors declare no competing interests.

Ethics approval and consent to participate: Informed and written consent was
provided by all patients, and the study approval was obtained from the Institutional
Ethics Committee (University Hospital Heidelberg). The study was performed in
accordance with Declaration of Helsinki.

Funding: The study was performed with a financial support of Wilhelm Sander
Foundation (2016.056.1).

Consent to publish: Not applicable.

Data availability: All presented data are available at the Department of Applied
Tumor Biology and can be provided upon request.

Note: This work is published under the standard license to publish agreement. After
12 months the work will become freely available and the license terms will switch to
a Creative Commons Attribution 4.0 International (CC BY 4.0).

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

REFERENCES
1. de la Chapelle, A. Microsatellite instability. NEJM 349, 209–210 (2003).
2. Kloor, M., von Knebel & Doeberitz, M. The immune biology of microsatellite-

unstable cancer. Trends Cancer 2, 121–133 (2016).
3. Dolcetti, R., Viel, A., Doglioni, C., Russo, A., Guidoboni, M., Capozzi, E. et al. High

prevalence of activated intraepithelial cytotoxic T lymphocytes and increased
neoplastic cell apoptosis in colorectal carcinomas with microsatellite instability.
Am. J. Pathol. 154, 1805–1813 (1999).

4. Buckowitz, A., Knaebel, H. P., Benner, A., Blaker, H., Gebert, J., Kienle, P. et al.
Microsatellite instability in colorectal cancer is associated with local lymphocyte

infiltration and low frequency of distant metastases. Br. J. Cancer. 92, 1746–1753
(2005).

5. Popat, S., Hubner, R. & Houlston, R. S. Systematic review of microsatellite
instability and colorectal cancer prognosis. JCO 23, 609–618 (2005).

6. Mlecnik, B., Bindea, G., Angell, H. K., Maby, P., Angelova, M., Tougeron, D. et al.
Integrative analyses of colorectal cancer show immunoscore is a stronger pre-
dictor of patient survival than microsatellite instability. Immunity. 44, 698–711
(2016).

7. Le, D. T., Uram, J. N., Wang, H., Bartlett, B. R., Kemberling, H., Eyring, A. D. et al. PD-
1 blockade in tumors with mismatch-repair deficiency. NEJM 372, 2509–2520
(2015).

8. Kloor, M., Michel, S., Buckowitz, B., Ruschoff, J., Buttner, R., Holinski-Feder, E. et al.
Beta2-microglobulin mutations in microsatellite unstable colorectal tumors. Int. J.
Cancer 121, 454–458 (2007).

9. Ozcan, M., Janikovits, J., von Knebel Doeberitz, M. & Kloor, M. Complex pattern
of immune evasion in MSI colorectal cancer. Oncoimmunology. 7, e1445453
(2018).

10. Dunn, G. P., Bruce, A. T., Ikeda, H., Old, L. J. & Schreiber, R. D. Cancer immunoe-
diting: from immunosurveillance to tumor escape. Nat. Immunol. 3, 991–998
(2002).

11. Matsushita, H., Vesely, M. D., Koboldt, D. C., Rickert, C. G., Uppaluri, R., Magrini, V. J.
et al. Cancer exome analysis reveals a T-cell-dependent mechanism of cancer
immunoediting. Nature 482, 400–404 (2012).

12. Schreiber, R. D., Old, L. J. & Smyth, M. J. Cancer immunoediting: integrating
immunity’s roles in cancer suppression and promotion. Science 331, 1565–1570
(2011).

13. Seth, S., Ager, A., Arends, M. J. & Frayling, I. M. Lynch syndrome—cancer path-
ways, heterogeneity and immune escape. J. Pathol. 246, 129–133 (2018).

14. Girard, J. P. & Springer, T. A. High endothelial venules (HEVs): specialized endo-
thelium for lymphocyte migration. Immunol. Today 16, 449–457 (1995).

15. Ager, A. & May, M. J. Understanding high endothelial venules: lessons for cancer
immunology. Oncoimmunology. 4, e1008791 (2015).

16. Martinet, L., Garrido, I., Filleron, T., Le Guellec, S., Bellard, E., Fournie, J. J. et al.
Human solid tumors contain high endothelial venules: association with T- and B-
lymphocyte infiltration and favorable prognosis in breast cancer. Cancer Res. 71,
5678–5687 (2011).

17. Bento, D. C., Jones, E., Junaid, S., Tull, J., Williams, G. T., Godkin, A. et al. High
endothelial venules are rare in colorectal cancers but accumulate in extra-
tumoral areas with disease progression. Oncoimmunology 4, e974374 (2015).

18. Kloor, M., Sutter, C., Wentzensen, N., Cremer, F. W., Buckowitz, A., Keller, M. et al. A
large MSH2 Alu insertion mutation causes HNPCC in a German kindred. Hum.
Genet. 115, 432–438 (2004).

19. Janikovits, J., Muller, M., Krzykalla, J., Korner, S., Echterdiek, F., Lahrmann, B.
et al. High numbers of PDCD1 (PD-1)-positive T cells and B2M mutations
in microsatellite-unstable colorectal cancer. Oncoimmunology 7, e1390640
(2018).

20. R Core Team. R: a language and environment for statistical computing. R Foun-
dation for Statistical Computing, Vienna. https://www.R-project.org/ (2018)

21. Boland, C. R. & Goel, A. Microsatellite instability in colorectal cancer. Gastro-
enterology 138, 2073–87 e3 (2010).

22. Kloor, M., Staffa, L., Ahadova, A. & von Knebel Doeberitz, M. Clinical significance of
microsatellite instability in colorectal cancer. Langenbeck’s Arch. Surg. 399, 23–31
(2014).

23. Schwitalle, Y., Kloor, M., Eiermann, S., Linnebacher, M., Kienle, P., Knaebel, H. P.
et al. Immune response against frameshift-induced neopeptides in HNPCC
patients and healthy HNPCC mutation carriers. Gastroenterology 134, 988–997
(2008).

24. Kloor, M., Huth, C., Voigt, A. Y., Benner, A., Schirmacher, P., von Knebel Doeberitz,
M. et al. Prevalence of mismatch repair-deficient crypt foci in Lynch syndrome: a
pathological study. Lancet Oncol. 13, 598–606 (2012).

25. Staffa, L., Echterdiek, F., Nelius, N., Benner, A., Werft, W., Lahrmann, B. et al.
Mismatch repair-deficient crypt foci in Lynch syndrome–molecular alterations
and association with clinical parameters. PloS ONE 10, e0121980 (2015).

26. Smyrk, T. C., Watson, P., Kaul, K. & Lynch, H. T. Tumor-infiltrating lymphocytes are
a marker for microsatellite instability in colorectal carcinoma. Cancer 91,
2417–2422 (2001).

27. Ruddle, N. H. Lymphatic vessels and tertiary lymphoid organs. J Clin Invest 124,
953–959 (2014).

28. Martinet, L., Filleron, T., Le Guellec, S., Rochaix, P., Garrido, I. & Girard, J. P. High
endothelial venule blood vessels for tumor-infiltrating lymphocytes are asso-
ciated with lymphotoxin beta-producing dendritic cells in human breast cancer.
J. Immunol. 191, 2001–2008 (2013).

29. Colbeck, E. J., Jones, E., Hindley, J. P., Smart, K., Schulz, R., Browne, M. et al. Treg
depletion licenses T cell-driven HEV neogenesis and promotes tumor destruction.
Cancer Immunol Res. 5, 1005–1015 (2017).

High endothelial venules are associated with microsatellite instability,. . .
P.L. Pfuderer et al.

403

https://doi.org/10.1038/s41416-019-0514-6
https://doi.org/10.1038/s41416-019-0514-6
https://www.R-project.org/


30. Hindley, J. P., Jones, E., Smart, K., Bridgeman, H., Lauder, S. N., Ondondo, B. et al. T-
cell trafficking facilitated by high endothelial venules is required for tumor
control after regulatory T-cell depletion. Cancer Res. 72, 5473–5482 (2012).

31. Okayama, H., Kumamoto, K., Saitou, K., Hayase, S., Kofunato, Y., Sato, Y. et al.
Ectopic expression of MECA-79 as a novel prognostic indicator in gastric cancer.
Cancer Sci. 102, 1088–1094 (2011).

32. Trinchera, M., Aronica, A. & Dall’Olio, F. Selectin ligands sialyl-lewis a and sialyl-
lewis x in gastrointestinal cancers. Biology 6, E16 (2017).

33. Croce, M. V., Salice, V. C., Lacunza, E. & Segal-Eiras, A. Alpha 1-acid glycoprotein
(AGP): a possible carrier of sialyl lewis X (slewis X) antigen in colorectal carcinoma.
Histol. Histopathol. 20, 91–97 (2005).

34. Nakamori, S., Kameyama, M., Imaoka, S., Furukawa, H., Ishikawa, O., Sasaki, Y. et al.
Increased expression of sialyl Lewisx antigen correlates with poor survival in
patients with colorectal carcinoma: clinicopathological and immunohistochem-
ical study. Cancer Res. 53, 3632–3637 (1993).

35. Shia, J., Ellis, N. A., Paty, P. B., Nash, G. M., Qin, J., Offit, K. et al. Value of histo-
pathology in predicting microsatellite instability in hereditary nonpolyposis col-
orectal cancer and sporadic colorectal cancer. Am. J. Surg. Pathol. 27, 1407–1417
(2003).

36. Shia, J., Holck, S., Depetris, G., Greenson, J. K. & Klimstra, D. S. Lynch syndrome-
associated neoplasms: a discussion on histopathology and immunohistochem-
istry. Fam. Cancer. 12, 241–260 (2013).

37. Pakish, J. B., Zhang, Q., Chen, Z., Liang, H., Chisholm, G. B., Yuan, Y. et al. Immune
microenvironment in microsatellite-instable endometrial cancers: hereditary or
sporadic origin matters. Clin. Cancer Res. 23, 4473–4481 (2017).

38. Martin-Fontecha, A., Baumjohann, D., Guarda, G., Reboldi, A., Hons, M., Lanza-
vecchia, A. et al. CD40L+CD4+memory T cells migrate in a CD62P-dependent
fashion into reactive lymph nodes and license dendritic cells for T cell priming. J.
Exp. Med. 205, 2561–2574 (2008).

39. Yoneyama, H., Matsuno, K., Zhang, Y., Nishiwaki, T., Kitabatake, M., Ueha, S. et al.
Evidence for recruitment of plasmacytoid dendritic cell precursors to inflamed
lymph nodes through high endothelial venules. Int. Immunol. 16, 915–928 (2004).

40. Janatpour, M. J., Hudak, S., Sathe, M., Sedgwick, J. D. & McEvoy, L. M. Tumor
necrosis factor-dependent segmental control of MIG expression by high

endothelial venules in inflamed lymph nodes regulates monocyte recruitment.
J. Exp. Med. 194, 1375–1384 (2001).

41. Peske, J. D., Thompson, E. D., Gemta, L., Baylis, R. A., Fu, Y. X. & Engelhard, V. H.
Effector lymphocyte-induced lymph node-like vasculature enables naive T-cell
entry into tumours and enhanced anti-tumour immunity. Nat. Commun. 6, 7114
(2015).

42. Mohammed, R. N., Watson, H. A., Vigar, M., Ohme, J., Thomson, A., Humphreys, I.
R. et al. L-selectin is essential for delivery of activated CD8(+) T cells to virus-
infected organs for protective immunity. Cell Rep. 14, 760–771 (2016).

43. Hayasaka, H., Taniguchi, K., Fukai, S. & Miyasaka, M. Neogenesis and development
of the high endothelial venules that mediate lymphocyte trafficking. Cancer Sci.
101, 2302–2308 (2010).

44. Pai, R. K., Dudley, B., Karloski, E., Brand, R. E., O’Callaghan, N., Rosty, C. et al. DNA
mismatch repair protein deficient non-neoplastic colonic crypts: a novel indicator
of Lynch syndrome. Mod. Pathol. 31, 1608–1618 (2018).

45. Leggett, B. & Whitehall, V. Role of the serrated pathway in colorectal cancer
pathogenesis. Gastroenterology 138, 2088–2100 (2010).

46. Echterdiek, F., Janikovits, J., Staffa, L., Muller, M., Lahrmann, B., Fruhschutz, M.
et al. Low density of FOXP3-positive T cells in normal colonic mucosa is related to
the presence of beta2-microglobulin mutations in Lynch syndrome-associated
colorectal cancer. Oncoimmunology 5, e1075692 (2016).

47. Tikidzhieva, A., Benner, A., Michel, S., Formentini, A., Link, K. H., Dippold, W. et al.
Microsatellite instability and Beta2-Microglobulin mutations as prognostic mar-
kers in colon cancer: results of the FOGT-4 trial. Br. J. Cancer 106, 1239–1245
(2012).

48. Guillem-Llobat, P., Dovizio, M., Bruno, A., Ricciotti, E., Cufino, V., Sacco, A. et al.
Aspirin prevents colorectal cancer metastasis in mice by splitting the crosstalk
between platelets and tumor cells. Oncotarget 7, 32462–32477 (2016).

49. Jenkins, R. W., Barbie, D. A. & Flaherty, K. T. Mechanisms of resistance to immune
checkpoint inhibitors. Br. J. Cancer. 118, 9–16 (2018).

50. Middha S., Yaeger R., Shia J., Stadler Z. K., King S., Guercio S., et al. Majority of
B2M-mutant and -deficient colorectal carcinomas achieve clinical benefit from
immune checkpoint inhibitor therapy and are microsatellite instability-high. JCO
Precis. Oncol. 3, 3 (2019).

High endothelial venules are associated with microsatellite instability,. . .
P.L. Pfuderer et al.

404


	High endothelial venules are associated with microsatellite instability, hereditary background and immune evasion in�colorectal cancer
	Background
	Methods
	Tumour samples
	Immunohistochemical staining
	Evaluation of HEV density
	Evaluation of PD-L1 expression
	Evaluation of intratumoural CD3-positive T-cell density
	Preparation of age-independent cohorts
	B2M-mutation analysis
	Statistical calculations

	Results
	HEV density in MSI and MSS colorectal cancers
	Correlation of HEV density with clinical parameters
	Correlation of HEV density with immune infiltration and immune evasion markers

	Discussion
	Acknowledgements
	Author contributions
	Competing interests
	ACKNOWLEDGMENTS




