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significantly associated with a poorer patient outcome. 
Given the known role of galectin-1 in immune suppression, 
the data suggest that galectin inhibitors might improve the 
prognosis of patients with perineural spread of cancer.
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Abbreviations
ECM	� Extracellular matrix
HLA	� Human leukocyte antigen
HNC	� Head and neck cancer
MRI	� Magnetic resonance imaging
NKT	� Natural killer T cells
SCC	� Squamous cell carcinoma
TIL	� Tumour-infiltrating lymphocyte
Treg	� Regulatory T cells

Introduction

Owing to a combination of demographic and geographic 
factors, subtropical and tropical regions of Australia have 
the highest prevalence of cutaneous malignancy across 
the globe [1]. Not surprisingly, patients with cutaneous 
cancer, particularly cutaneous squamous cell carcinoma 
(cSCC) of the head and neck region, contribute signifi-
cantly to the disease burden in this population and may 
present with perineural spread of cancer along the named 
nerves (in our experience more so the trigeminal than the 
facial nerve) in the head and neck region [2–4]. This is a 
unique form of cancer dissemination in comparison with 
the more common lymphovascular spread and microscopic 
perineural invasion typically seen in head and neck cancer. 

Abstract  Spread of head and neck cancer along the cra-
nial nerves is often a lethal complication of this tumour. 
Current treatment options include surgical resection and/
or radiotherapy, but recurrence is a frequent event suggest-
ing that our understanding of this tumour and its microen-
vironment is incomplete. In this study, we have analysed 
the nature of the perineural tumour microenvironment by 
immunohistochemistry with particular focus on immune 
cells and molecules, which might impair anti-tumour 
immunity. Moderate to marked lymphocyte infiltrates were 
present in 58.8  % of the patient cohort including T cells, 
B cells and FoxP3-expressing T cells. While human leuko-
cyte antigen (HLA) class I and more variably HLA class 
II were expressed on the tumour cells, this did not associ-
ate with patient survival or recurrence. In contrast, galec-
tin-1 staining within lymphocyte areas of the tumour was 
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It represents an aggressive form of disease, conferring poor 
prognosis upon the patient and, if left untreated, progresses 
centripetally to eventually spill into the subarachnoid space 
of the central nervous system or extends directly into the 
brainstem. Diagnosis of perineural spread involves a vari-
ety of imaging techniques, particularly magnetic resonance 
imaging (MRI), but is often delayed due to the slow devel-
opment of clinical symptoms [5]. Successful imaging of 
the tumour is important in determining therapeutic options, 
which include surgical resection and/or radiation treatment 
[6]. While many studies have focused on the diagnosis 
and imaging of these tumours, very little is known about 
the role of the immune system within the local tumour 
environment.

The tumour microenvironment in perineural cancer con-
sists of both invasive cancer and stromal elements. The 
latter includes the extracellular matrix (ECM), fibroblasts, 
immune and inflammatory cells and the neurovascular 
structures. Amongst the stromal elements, cancer-associ-
ated fibroblasts play a key role, expressing various tran-
scriptional factors and providing the malignant cells access 
to the embryonal programs, thus conferring pleiotropic 
properties to the cancer [7]. Tumour cells also secrete vari-
ous proteins into the microenvironment [8, 9]. They include 
proteinases, which degrade ECM to facilitate the spread 
of malignant cells; growth factors; and various regulatory 
molecules that influence cell adhesion, motility and inva-
siveness. It has been suggested that the ‘secreted protein 
signature’ of the tumour can be utilised for earlier diagno-
sis and improved disease prognostication. Galectins are one 
such group of proteins with a well-recognised link to can-
cer progression [10, 11].

Galectin-1 is the prototype member of galectins, a group 
of lectins widely expressed in the animal kingdom, both 
intra- and extra-cellularly [12, 13]. It is a 14- to 16-kDa 
protein and a pleiotropic molecule that binds ligands to 
maintain its extracellular stability and activity. Its func-
tion depends on the location of galectin-1 within or out-
side the cell as well as its concentration [11]. As a group, 
a wide variety of functions has been attributed to galec-
tins and includes mediation of inflammatory and immune 
responses, apoptosis and morphogenesis and tissue differ-
entiation [14].

The role of the host immune response in tumourigenesis 
has been identified as one of the hallmarks of cancer [15]. 
While, previously, the mere presence of inflammatory and 
immune cells in the tumour microenvironment was deemed 
as evidence of host immune responsiveness, the interac-
tion of tumour and immune cells is thought to be much 
more complex [16]. The immune cells’ role can vary from 
a coordinated cytotoxic response which eliminates tumour 
cells to immune suppression mediated by local regulatory 
T cells (e.g. FoxP3+ Treg) or myeloid-derived suppressor 

cells. The influence of these suppressor cells can result in 
immune tolerance [17]. Indeed, the term ‘immune contex-
ture’ has been coined to denote the combined influence of 
the nature, density, functional orientation and location of 
the immune cells within the tumour [18].

Our study aims to characterise perineural infiltrates of 
lymphocytes in patients with neurotropic head and neck 
cancer (HNC) that spreads along large, named nerves in the 
region. The presence of immune cells (CD3 T cells, CD20 
B cells, FoxP3 regulatory cells) and immune-related pro-
teins (HLA class I, HLA class II, galectin-1) were analysed 
alongside patient outcomes. Our study is the first to char-
acterise the tumour-infiltrating lymphocytes of neurotropic 
large nerve HNC and correlate this with patient outcome 
measures.

Materials and methods

Immunohistochemistry (IHC)

A review of the histopathology slides was undertaken for 
the cohort of patients who underwent surgical resection 
of HNC spreading along the named cranial nerves at the 
Princess Alexandra Hospital, Brisbane, between 2000 and 
2009. Approval was obtained from the institution’s Human 
Research Ethics Committee (2003/197) to undertake this 
project.

Formalin-fixed, paraffin-embedded specimens were 
cut into 5 µm-thick sections and affixed to Menzel Super-
frost Plus Adhesive™ slides (Gerhard Menzel GmbH, 
Brunswick, Germany) and air-dried overnight. This was 
followed by dewaxing in xylene and rehydration with 
descending graded alcohols to water. Sections were trans-
ferred to phosphate-buffered saline (PBS), and endogenous 
peroxidase activity was blocked by incubating with 2  % 
H2O2 for 10 min. The specimens were washed with three 
changes of water and subjected to 15 min of heat antigen 
retrieval at 105  °C. After washing with three changes of 
PBS, nonspecific binding was inhibited using Background 
Sniper™ blocking reagent (Biocare Medical, Concord 
CA, USA). The primary antibody (concentration 0.1  mg/
ml) was diluted to 1:100 in PBS and applied to the speci-
men for 60  min at room temperature. Primary antibodies 
used were anti-human CD3 (Rabbit polyclonal Cat. No. 
A0452; Dako, Agilent Technologies, Glostrup, Denmark), 
anti-human CD20 (Clone L26; Dako, Agilent Technolo-
gies, Glostrup, Denmark), anti-HLA ABC (Clone EMR8-5; 
Abcam, Cambridge, USA), anti-HLA DR (Clone KUL/05; 
Abcam, Cambridge, USA), anti-FoxP3 (Clone 236A/E7; 
eBioscience, San Diego, USA) and anti-galectin 1 (Rabbit 
polyclonal Cat. No. ab25138; Abcam, Cambridge, USA). 
Isotype-matched control antibody staining (both rabbit and 



215Cancer Immunol Immunother (2016) 65:213–222	

1 3

mouse IgG) was employed in the immunohistochemistry 
analysis with no/limited background staining observed. 
Following primary antibody incubation, specimens were 
washed and signals were developed using MACH 1 Uni-
versal HRP-Polymer Detection kit™ (Biocare Medi-
cal, Concord CA, USA). The specimens were washed to 
remove excess chromogen and lightly counterstained in 
haematoxylin. Thereafter, they were dehydrated in ascend-
ing graded alcohols, cleared in xylene and mounted using 
appropriate media.

A pathologist specialising in head and neck neoplasms 
evaluated the IHC slides as well as the haematoxylin and 
eosin-stained sections blinded to the patients’ clinical his-
tory. Areas of large nerve infiltrated with the carcinoma 
were studied, and the perineural lymphocyte infiltrates and 
aggregates were graded for overall intensity of the stain 
and percentage of cells in the region exhibiting the stain. A 
score was awarded for intensity of the stain (0—none, 1—
mild, 2—moderate, 3—intense) and the percentage of cells 
expressing the stain across the entire section. For the pur-
pose of statistical analysis of the IHC results, the percent-
age of particular cells stained by IHC were broadly grouped 
as follows: 1 = 0–33 % stained cells, 2 = 34–66 % stained 
cells, 3 = 67–100 % stained cells. Examination of haema-
toxylin and eosin-stained histopathology slides allowed 
scoring the degree of perineural lymphocyte infiltration: 
0—none, 1—mild scattered lymphocytes in and around the 
tumour, 2—moderate lymphocytic infiltrate and 3—promi-
nent lymphocytic infiltrate with or without ‘pseudo-follicle’ 
or aggregate formation.

Statistical methods

Kaplan–Meier analyses in conjunction with the log-rank 
test were used to assess any relationship between survival 
time and IHC staining percentage scores. The time elapsed 
between first surgery and death by disease was considered 
to be the survival time. For those patients who do not expe-
rience an event (recurrence and/or death) during the study, 
the date of the last contact was recorded and the resulting 
survival time was censored at that point. Progression-free 
survival was recorded as days since first surgery without 
recurrence of the malignancy. In absence of recurrence, the 
date of last contact was recorded and the resulting progres-
sion-free survival time was censored at that point.

Statistical analysis was performed using SPSS v.19 
(IBM Corporation, Armonk, NY, USA).

Elimination criteria

Tissue removed at the time of surgery was forwarded for 
histopathological analysis. Additional tissue removed at 
that time was used for research purposes. Owing to the 

limited availability of the specimen for this purpose, the 
slides that were devoid of representative tissue were omit-
ted from microscopic examination and scoring of vari-
ous stains. These 2 cases were excluded from our current 
study. Clinical information on two patients was incomplete, 
and hence they were excluded from the current study. For 
FoxP3 stain, an additional two patients had insufficient tis-
sue available for analysis.

Results

Patient characteristics

Seventeen patients were included in the study. The data set 
included demographic details, de-identified clinical details, 
immunohistochemistry stain scores and review of histopa-
thology slides for the representative neoplasm. Of the 17 
patients, there were 3 females and 14 males. The average 
age at the time of surgery was 59.8  years (Table  1). The 
cancer recurred in 6 out of 17 patients included in the study; 
of these, 5 patients died from a disease-related cause, and 1 
patient was alive with disease at the time of last recorded 
follow-up visit. Of the patients who did not have a recur-
rence (n = 11), one person died of an unrelated disease and 
the remaining patients (n = 10) were alive and free of dis-
ease at the end point of follow-up (data not shown). The 
trigeminal nerve was the most commonly involved nerve, 
with at least one of its divisions involved in all 17 cases. Six 
patients had involvement of a single division of the trigemi-
nal nerve (3 cases each for V1 and V2, respectively). In the 
remaining 11 cases, multiple cranial nerves were involved. 
The facial nerve was involved in 5 cases. Most patients (14 
out of 17) presented with squamous cell carcinoma and 

Table 1   Patient characteristics

SCC squamous cell carcinoma, BCC basal cell carcinoma

* Median time until recurrence = 74 months
#   Median time until death = 89 months

Patient characteristics Observations

Mean age 59.8 years (SD = 12.9)

Sex 14 Male/3 Female

Laterality 10 Left/7 Right

Recurrence 6/17 patients* (5 deaths/6 recurrences)#

Nerve involvement V1 (9); V2 (12); V3 (6); VII (5); Vidian (1); 
III (1)

Zone classification Peripheral (5), Skull Base (11), Unknown (1)

Histology SCC (14), BCC (1), Adenoid cystic carci-
noma (2)

Margin Negative (10); Positive (6); Unknown (1)
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clear surgical margin of excision was obtained in 10 out of 
17 patients (Table 1).

Varying degrees of lymphocyte infiltration is seen 
in perineural tumours

The relationship between the degree of lymphocyte infil-
tration (0—none to 3—marked infiltrate) and outcome 
measures (death/disease recurrence) was evaluated (Fig. 1). 
Patients with scores of 0 and 1(none or scattered lympho-
cytes) were grouped as were patients with score of 2 and 
3 (moderate to marked infiltrate). The relationship between 
lymphocyte infiltrate and death or recurrence did not 
reach statistical significance (death: p = 0.55; recurrence: 
p = 0.23). That said, interesting trends were borne out of 
the analysis.

The trends indicate that the cancer recurred in one out 
of seven patients (14.2 %) with no or mild perineural lym-
phocyte infiltrate, and in five out of ten patients (50  %) 
with moderate to marked lymphocyte infiltrate. A similar 
trend was observed in the death status with 14.2 % deaths 
recorded in the none/mild lymphocyte infiltration group 
and 40  % deaths recorded in the moderate/marked lym-
phocyte infiltration group. Owing to the small numbers, 
no statistically significant relationship could be inferred; 
nonetheless, we believe the trends are noteworthy. The data 
may suggest that the lymphocyte infiltrate contributes to 

the pathogenesis of disease or prevents an effective anti-
tumour immune response.

T cells, B cells and FoxP3+ cells are present 
in perineural SCC, along with MHC I and MHC 
II expression, but do not associate with tumour 
recurrence or patient outcome

Given the presence of a potentially tumour-promoting 
lymphocyte infiltrate in the tumour microenvironment, the 
proportions of T cells, B cells and FoxP3+ T cells were 
assessed. T cell (CD3+) infiltrates to the tumour site were 
nil to mild in 11/17 patients (64.7  %) and moderate to 
prominent in 6/17 patients (35.3 %) (Table 2 and Fig. 2a, 
left panel) although lymphocytes in these six patients were 
mostly peritumoural (Fig.  2a). In some patients, CD3+ 
cells were scattered around the tumour in addition to 
forming aggregates (Fig. 2a, left panel). In one specimen, 
no T cell lymphocytic infiltrate could be observed. When 
present, the tumour B cell infiltrate (CD20+) was nil to 
mild in 15/17 patients (88.2 %), but prominent in 2/17 pts 
(11.8  %) including the formation of aggregates (Table  2; 
Fig. 2a, middle panel). In 10/17 (58.8 %) patients, B cells 
were located predominantly at the tumour periphery; 5/17 
(29.4 %) showed infiltrate both at the periphery and within 
the tumour; 2/17 specimen (11.7 %) showed no B cell infil-
trate (data not shown). No significant relationship existed 

Fig. 1   Lymphocyte infiltrates 
are associated with perineural 
squamous cell carcinoma. 
Haematoxylin and eosin stain-
ing was performed on paraffin-
embedded tumour sections to 
identify graded levels of lym-
phocyte infiltrate. A summary 
table of the level of lymphocyte 
infiltrate associated with differ-
ent patient outcomes is shown

No infiltrate
(4x)

Grade 1 
infiltrate 
(4x)

Grade 2
Infiltrate
(10x)

Grade 3
infiltrate 

(10x)

Infiltrate Score Pa�ent Recurrences Pa�ent Outcome or Censored

No Yes Alive Dead
None/ Mild(Grade 1) 6 1 6 1

Mod (Grade 
2)/Marked (Grade 3)

5 5 6 4
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between death/recurrence and the presence of a T cell or B 
cell infiltrate. Staining results for FoxP3 were available for 
15 patients. Eleven patients had greater than 50 % FoxP3+ 
cells amongst their T cells (Table 2). In our data, these lym-
phocyte subsets do not reach statistical significance with 
respect to the clinical outcomes in terms of survival and 
recurrence (Table 2).

The functional role of HLA class I and HLA class II 
on the tumour cell surface is related to the presentation of 
cancer-derived peptides allowing for T cell receptor rec-
ognition and activation of effector T cell function. Loss of 
either HLA class I or HLA class II on tumours has been 
associated with tumour escape from the immune system. In 

our study, the distribution of HLA class II was variable in 
tumour cells and lymphocytes. In 70.6 % specimens, less 
than one-third of the tumour cells expressed HLA class 
II. HLA class II was expressed by lymphocytes to some 
degree in 15 out of 17 (88.2  %) cases (Table  3; Fig.  2a, 
right panel).

HLA class I was avidly expressed by the tumour cells 
in all specimens. In 88.2  % cases, over two-thirds of the 
tumour cells expressed HLA class I and between one-third 
and two-thirds of the tumour cells expressed HLA class I 
in the remaining 11.8  % cases (data not shown). A simi-
lar expression pattern of HLA class I expression was seen 
in the lymphocyte population, with HLA class I expressed 

Table 2   Summary of 
lymphocyte subset staining

* Median survival times not calculated due to small number of events in each group

Patient outcome No. of patients with  
graded CD3+ infiltrate*

No. of patients with  
graded CD20+ infiltrate*

No. of patients 
with  % FoxP3+ 
amongst T cells*

Grade 0/1 Grade 2/3 Grade 0/1 Grade 2/3 <50 % >50 %

Censored 7 5 10 2 1 9

Death 4 1 5 0 3 2

Log-rank test (p value) 0.8 0.54 0.69

Recurrence 4 2 6 0 3 3

No recurrence 7 4 9 2 1 8

Log-rank test (p value) 0.81 0.39 0.56

Fig. 2   Immunostaining patterns 
for CD3, CD20, MHC II and 
galectin-1 in perineural SCC. 
a Consecutive tissue sections 
from a single patient were 
stained with antibodies directed 
against CD3 (left panel), CD20 
(middle panel) and MHC class 
II (right panel). Tumour tissue 
is indicated by the arrow. Mag-
nification ×9 for all images. 
b Galectin-1 staining from 
a single patient showing the 
relationship between lympho-
cytes, tumour and nerve tissue. 
Magnification ×18. c Consecu-
tive tissue sections from a single 
patient were stained with anti-
bodies directed against CD3, 
CD20 and galectin-1. Tumour 
tissue is indicated by the arrow. 
Magnification ×7

Lymphocytes

Tumour

Nerve

B

C

Anti-CD3

Anti-CD20 Anti-Galectin-1

Neg. Cont

A Anti-CD3 Anti-CD20 Anti-MHC class II
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by over two-thirds of the visualised lymphocytes in 88.2 % 
cases (data not shown).

The percentage of galectin‑1 expression in tumoural 
zones with lymphocyte infiltration negatively associates 
with survival and recurrence

Although lymphocyte subsets did not correlate with death 
or recurrence, it was possible that the function of these 

cells might better reflect disease outcome. Galectin-1 can 
function as an immune-suppressive molecule within the 
tumour microenvironment and was chosen for further study 
in our experiments.

In 12 cases (70.6 %), galectin-1 was expressed by over 
two-thirds of the cancer cells contained in the specimen. 
In patient samples expressing intense galectin staining, it 
is evident that galectin-1 can be expressed widely across 
many cells in the tissue (Figs.  2b, 3a). When we focused 

Table 3   HLA class II staining

HLA class II staining score Tumour Lymphocytes

% patients with staining 
(no. of patients)

Cumulative  % patients 
with staining

% patients with staining 
(no. of patients)

Cumulative  % patients with 
staining

0 11.8 (2) 11.8 11.8 (2) 11.8

1 58.8 (10) 70.6 35.3 (6) 47.1

2 23.5 (4) 94.1 41.2 (7) 88.2

3 5.9 (1) 100 11.8 (2) 100

A

B

Intense staining (3)
among lymphocytes

Low  staining (0,1 or 2)
among lymphocytes

C

% Gal-1 
lymphocytes Recurrences Dead Alive

Yes No
0, 1 or 2 3 9 3 9

3 3 2 2 3

Anti-Gal 1

Anti-CD3

Anti-CD20

Fig. 3   Elevated levels of galectin-1 staining cells amongst lympho-
cytes within the tumour is associated with poor patient prognosis. a 
Consecutive, paraffin-embedded tissue sections from two perineural 
SCC patient tumour samples, representative of either high Gal-1 or 
low Gal-1 expression, were stained with anti-human galectin-1 anti-
body (anti-Gal-1; ×20 magnification), anti-CD3 [×12.8 magnifica-
tion (left image) and ×20 magnification (right image)] and anti-CD20 

antibodies [×13 magnification (left image) and ×20 magnification 
(right image)]. The table summarises patient outcomes relative to the 
% galectin-1 staining amongst lymphocyte areas (B and T cells) of 
the tumour. The % galectin-1 staining within the lymphocyte areas of 
the tumour was plotted in survival curves against tumour recurrence 
(b) and patient survival (c)
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on galectin-1 expression within lymphocyte areas of the 
tumour, 5 cases (29.4  %) demonstrated a high propor-
tion (over two-thirds) of the lymphocyte area with galec-
tin-1 staining, while in the remaining 12 cases, galectin-1 
was expressed over a smaller proportion of the lympho-
cyte region. An example of high galectin staining and its 
relationship with tumour and nerve (Fig.  2b) or T cells 
and B cells is shown (Fig. 2c). In some patients, the pres-
ence of aggregates of T and B cells was observed (shown 
in Fig. 2c). Further, both high and low galectin staining in 
tumour tissue and the spatial relationship with lymphocytes 
(both T and B cells) are illustrated (Fig.  3a). In terms of 
the actual number of recurrences and deaths, there were 
three recurrences each and three and two deaths, respec-
tively, in the low galectin 1 group (score 0, 1 or 2) and high 
galectin 1 group (score 3) for fraction of the lymphocyte 
area staining with galectin-1 (Fig. 3a—table). A significant 
relationship was noted between percentage of galectin-1 
staining in lymphocyte areas of the tumour and both time 
until recurrence and time until death (Fig. 3b, c). Patients 
with over two-thirds of the lymphocyte area staining for 
galectin-1 (i.e. score of 3) had shorter survival times and 
shorter time till death compared to patients with scores of 
0, 1 or 2 (p = 0.001 and p = 0.006, respectively; Fig. 3b, 
c). Due to these small numbers, it is not possible to accu-
rately estimate median time until death or median time 
until recurrence. We have not assessed the relationship 
between galectin staining and other immune cell subsets, 
but no relationship was observed between the proportion 
of tumour cells expressing galectin-1 and patient outcome 
measures.

Overall, the data show that a high proportion of the lym-
phocyte area staining for galectin-1 (over two-thirds of 
the lymphocyte area expressing galectin-1 in our series) is 
associated with poorer outcomes for the patients relative to 
other immune markers.

Discussion

Our study has demonstrated that a number of different 
lymphocyte subsets are able to infiltrate perineural spread 
of carcinoma. A link between the percentage of galectin-1 
staining within lymphocyte areas and patient outcomes 
was established with the proportion of the lymphocyte area 
expressing galectin-1 associated with both the disease-free 
and overall survival time (p = 0.001 and p = 0.006 respec-
tively). The major limitation of our study is the small sam-
ple size, which has impacted the statistical analysis when 
comparing various immunohistochemical stains with the 
disease related outcomes. Despite this obvious shortfall, 
the observed relationship with galectin-1 highlights the 
potential importance of immune-suppressive molecules 

in this particular subset of HNC. While other studies have 
discussed the association of galectin-1 in aggressive pheno-
types of head and neck malignancies [19–22] to the best of 
our knowledge, this study is the first attempt to draw a rela-
tionship between galectin-1 and large nerve/clinical peri-
neural spread of HNC. Many studies have demonstrated 
galectin-1 expression by tumour cells as the key regulator 
of anti-tumour immunity or tumour aggressiveness and 
acquisition of metastasis [23–25]. The pro-carcinogenic, 
immuno-modulatory role of galectin-1 was studied in pan-
creatic cancer where the high expression of galectin-1 in 
pancreatic stellar cells was associated with T cell apopto-
sis and Th-2 cytokine secretion [26]. Another study dem-
onstrated that galectin-1 fostered an immunosuppressive 
environment at the tumour site by modulating T cell sur-
vival (growth arrest and apoptosis of activated T cells) and 
impairing the effector T cell function [27]. Reviewing the 
function of galectins in regulation of immune cell homeo-
stasis, galectin-1-secreting cancer cells disrupt the glyco-
sylation-dependent regulatory pathways and form immune-
privileged sites through mechanisms that include reduction 
of T cell survival and impairment of dendritic cell func-
tion [28]. Interaction of galectin-1 is not confined to the 
acquired immune responses. Galectin-1 from lung can-
cer cell lines or sera of lung cancer patients impaired the 
function of monocyte-derived dendritic cells and increased 
the expression of interleukin 10 [29]. Galectin-1 expres-
sion by Reed–Sternberg cells in Hodgkin’s lymphoma has 
been implicated in causing the skew towards an immuno-
suppressive host response that is dominated by Th-2 cells/
Treg [30]. Tumour-derived galectin-1 is more crucial in 
promoting tumour growth and metastasis than host-derived 
galectin [31]. Since the molecule produced by host and 
tumour cells is identical, these functional differences were 
explained by the presence of quantitatively higher amount 
of galectin-1 expressed by tumour cells. The same study 
also demonstrated that immunomodulatory effects of galec-
tin-1 are more critical than its pro-angiogenic effects, and 
the latter can be abrogated in an immune-deficient envi-
ronment. Expression of galectin-1 enhances in presence of 
hypoxia, a condition which is more likely to exist within 
solid tumour deposits [32]. Expression of galectin-1 in 
tumour-associated stroma rather than tumour cells was also 
shown to be important in prostate cancer [33]. Here it was 
an independent predictor of prostate-specific antigen recur-
rence (p < 0.0001) and aggressiveness of the tumour. They 
theorised that presence of peri-tumoural galectin-1 may 
act as an immunologic shield by inducing activated T cell 
apoptosis. Our study suggests that intratumoural lympho-
cytes may represent another important source of galectin-1. 
In this regard, previous studies have demonstrated that 
regulatory T cells (CD24+25+) overexpressed galectin-1 
and that blockade of the galectin-1 binding significantly 
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reduced the immunosuppressive effects of these cells [34]. 
In a second study, galectin-1 was able to negatively regu-
late Th-1- and Th-17-mediated inflammation through a 
hypothesised role of Treg [35].

Our study has also shown that lymphocyte infiltrates are 
a frequent feature of perineural cancers. The presence of 
lymphocytes, especially CD4 Th1 cells or CD8 cytotoxic 
T cells, within the primary tumour is often a strong predic-
tor of disease-free and overall survival [36]. T cell infiltrate 
with a high CD8/Foxp3 ratio was demonstrated to be an 
independent and favourable predictive factor for disease-
free survival in breast cancer patients following neoadju-
vant chemotherapy [37]. A dense lymphocytic infiltrate was 
an independent predictor of absence of sentinel lymph node 
metastasis in patients with cutaneous melanoma compared 
with tumours where TILs were absent [38]. Interestingly, 
the trend in our study was for lymphocyte infiltrates to be 
associated with poor prognosis. Further subsetting of the 
lymphocytes, in addition to measuring function, may shed 
light on this contrasting result. Certainly, immune cells pre-
sent in the tumour microenvironment can be dysfunctional, 
demonstrating signalling abnormalities and spontaneous 
apoptosis. One study reported the relationship between the 
dysfunctional TILs and their counterparts in the periph-
eral blood and supported the hypothesis that this immune 
dysfunction represents immunosuppressive effects of the 
tumour that can extend beyond the tumour microenviron-
ment and may be linked to tumour aggressiveness [39]. A 
longitudinal study of risk factors associated with cutaneous 
head and neck cancer (HNC), in a cohort of 315 patients, 
showed a dense lymphocytic infiltrate in 26.7  % of the 
index tumours [40]. Interestingly, in this same study the 
presence of inflammatory infiltrate correlated with peri-
neural involvement (p < 0.001) and was significantly asso-
ciated with tumours that recurred (p =  0.005). The asso-
ciation of lymphocyte infiltrate with poor prognosis in our 
study may partly be explained by the lymphocyte produc-
tion of immunosuppressive galectin-1. Further studies with 
larger numbers of patients will be required to firmly estab-
lish a link between lymphocytes and survival/recurrence. 
No individual subset of lymphocytes, amongst T cells, B 
cells or Fox P3+ cells, was associated with patient out-
come. Future studies will focus on other immune subsets 
known to be immunosuppressive, e.g. NKT. Unlike some 
other tumours [41–43], the perineural cancers retained 
expression of HLA class I, suggesting that they can be tar-
get cells for a CD8 cytotoxic T cell response if the suppres-
sive tumour microenvironment can be overcome.

In conclusion, our study reinforces the emergence of 
galectin-1 as an important regulatory molecule mediating 
tumour–host immune system interaction and fostering an 
immune-privileged environment allowing the tumour cells 
to evade host immunity. While galectin-1 has been known 

to confer an aggressive phenotype to various cancers, this is 
the first study to draw a link between this molecule and the 
poorer outcome it portends in the patients with an aggres-
sive subtype of head and neck cutaneous squamous cell 
carcinoma. To restore immune function, treatments which 
inhibit the expression or function of galectin-1 should be 
considered in perineural spread of cancer.
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