Aim of the study: Despite advances
in surgical and radiotherapy tech-
niques, the presence of lymph node
metastasis drastically decreases the
survival rate of patients with primary
oral squamous cell carcinoma (0OSCC).
Thus the accurate pathological staging
of the neck is critical. Desmoglein 3
(DSG3), a desmosomal cadherin pro-
tein is said to be highly expressed in
head and neck squamous cell car-
cinoma (HNSCC) and in metastatic
cervical lymph nodes, but absent in
non-invaded nodes. With an aim to
improve the sensitivity of tumour cell
detection, we investigated the poten-
tial of DSG3 as an immunohistochem-
ical marker for the detection of occult
lymph node metastasis in patients
with primary OSCC.

Material and methods: Forty-seven
lymph node specimens from 10 pa-
tients who underwent neck dissection
for primary OSCC were immunos-
tained with DSG3.

Results: The DSG3 positivity was not-
ed in the six positive lymph nodes.
However, when using DSG3 as an im-
munohistochemical marker, no addi-
tional micrometastatic deposits were
evident in the histologically negative
nodes. Interestingly, tumour marker
DSG3-positive macrophages could be
identified within the subcapsular si-
nuses, medullary sinuses, and the in-
terfollicular areas.

Conclusions: Our findings suggest
that although DSG3 is overexpressed
in HNSCC, it is not specific and may
not prove to be a potent immuno-
histochemical marker to detect mi-
crometastasis. The role of tumour
marker-positive macrophages within
the lymph nodes needs to be investi-
gated further.

Key words: desmoglein 3, micrometa-
stasis, M2 phenotype, tumour marker-
positive macrophages.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts for 6% of all
cancer cases and ranks sixth with regards to cancer related deaths [1]. About
40-50% of the cases with advanced disease (stage Il and IV) recur, and ap-
proximately 80% of recurrences occur within the first two years. One reason
for the high mortality associated with late stage HNSCC is the inherent capa-
bility of tumour cells to undergo locoregional invasion due to the presence
of a rich lymphatic network and the overall high number of lymph nodes in
the neck region [2]. Thus early and accurate detection of metastatic disease
is of paramount importance.

A good marker for the detection of lymph node metastasis should show
marked variation in its expression in the positive and negative lymph nodes
[3]. Cytokeratins have been widely used for the detection of nodal metasta-
sis; however, variability in their expression has been observed [4].

Desmoglein 3 (DSG3) is a calcium-binding trans-membrane glycoprotein
(130 kDa) component of desmosomes, which forms button-like points of in-
tercellular contacts [5]. Desmosomal cadherins: desmogleins and desmocol-
lins, mediate cell-cell adhesion by coupling to keratin intermediate filaments
through the adaptor proteins plakoglobin, plakophilin, and desmoplakin [6].
Desmosomal proteins, including DSG3 serve as signalling centres. Over-ex-
pression of DSG2 or DSG3 has also been demonstrated in skin and head
neck cancer. The importance of DSG3 as a novel molecular target for the
early detection, prevention, and treatment of HNSCC was demonstrated in
the higher expression of DSG3 in the proteomic analysis of HNSCC lesions
by Patel et al. (2008) [7].

The correlation of DSG3 with regional lymph node metastasis may be
explained on a cellular level by the role of DSG3 in the regulation of cell mi-
gration and invasion. Alteration in desmosome composition results in an al-
teration in signal transduction, resulting in increased transformation. There
is supportive evidence showing that DSG3, as an up-stream regulator of Src
activity, helps regulate adherens junction formation [8]. Moreover, overex-
pression of DSG3 results in the formation of filopodial protrusions and in-
creased cell migration [9].

In 2013, Patel et al. identified DSG3, from amongst an array of other mark-
ers, to be a squamous-specific protein marker expressed specifically in the
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positive lymph nodes and a potential marker for detecting
micrometastatic deposits [7]. This study tested the poten-
tial of DSG3 for the detection of micrometastasis in the
cervical lymph nodes of patients with primary HNSCC.

Material and methods
Patients and samples

Forty-seven archival formalin-fixed paraffin-embedded
specimens from 10 patients who underwent ipsilateral
lymph node dissection for OSCC from 2011 to 2014 were
retrieved from the archives of the Department of Oral and
Maxillofacial Pathology, Goa Dental College & Hospital, In-
dia. Data on gender, age, stage of disease, and histopatho-
logical factors was obtained from the medical records and
was analysed.

Haematoxylin & eosin staining and re-evaluation

In order to confirm the diagnosis of the 47 archival tis-
sue specimens, new sections were made for each selected
tissue block using a Leica RM2125 RTS soft tissue rotary
microtome. Section thickness was kept uniform at 3 um.
The slides were stained with standard Harris haematox-
ylin and 1% eosin Y staining protocol. The lymph node
specimens were re-evaluated to check for the presence
of metastatic deposits before the immunohistochemical
analysis was performed. On evaluation, 41 out of 47 were
confirmed to be negative whereas 6 were positive.

Immunohistochemistry

Forty-seven lymph node specimens along with one
positive control (normal oral mucosa) and one negative
control (normal oral mucosa not subjected to primary an-
tibody) were subjected to immunohistochemical examina-
tion. Immunophenotypical analysis was performed by the
standardised EnVision™ method employing 3-um thick,
formalin fixed, paraffin embedded sections using a com-
mercially available mouse monoclonal antibody (Abcam
Monoclonal Mouse Anti-Human Desmoglein 3 Antibody
Clone ab14416 used at a concentration of 5 ug/ml) direct-
ed against the extracellular domain of DSG3. This antibody
does not cross-react with desmoglein 1 or desmoglein-2
protein.

Heat-induced epitope retrieval was performed with
the help of DAKO PTLink™ using the ‘3 in 1 DAKO Target
Retrieval Solution’ (used at a dilution of 20x). The endog-
enous peroxidase activity was blocked by using the EnVi-
sion™ FLEX Peroxidase Blocking Reagent for 5 minutes.
The primary antibody was then incubated for 30 minutes
at room temperature after dilution in the DAKO EnVision™
FLEX Antibody Diluent (5 pg/ml), followed by a rinse
with DAKO wash buffer solution. 100 pl of EnVision™
FLEX Horseradish Peroxidase (HRP) was then dispensed
on each slide and incubated for 10 minutes, followed by
a rinse with wash buffer. Finally, 100 pl of DAB chromogen
(EnVision™ DAB-Dako Chromogen System) was applied
to each section and incubated for 3-10 minutes. Samples
were then rinsed with distilled water, counterstained with
Mayer’s haematoxylin, dehydrated, and mounted. Nega-

tive controls were prepared by substituting wash buffer
solution for the primary antibodies.

Reading

Slides (H&E stain and DSG3 stain) were reviewed with
light microscopy. The presence of immunoreactive cells, mor-
phologically consistent with cancer cells within the substance
of the lymph nodes were evaluated. The term “Micrometas-
tasis” was used to refer to occult metastatic deposits within
the lymph nodes, in which the tumour cell aggregate ranged
in size between 0.2 mm and 2 mm, and “Isolated tumour
cells” referred to tumour deposits < 0.2 mm.

Statistical analysis

Comparison of findings on routine histological and
those on immunohistochemical examination was done
using McNemar’s test. To validate the data, correlation be-
tween the incidence of metastasis and the size and level
of lymph nodes was confirmed using Fisher’s exact x? test
(level of validity was determined as p < 0.05).

Results
Clinical

The gender distribution was six males and four females
(Table 1). The age of patients at the time of surgery ranged
from 44 to 73 years, and mean age was found to be 60.10
years. Patients most frequently presented with a lesion in
the buccal vestibule.

Pathological features

The size of the primary tumour ranged from 0.5 cm to
6 cm in maximum dimension, with a mean of 3.75 cm and
standard deviation of 1.84. Among the 10 cases of OSCC
evaluated, seven were of well differentiated type, two cas-
es were of moderately differentiated type, and one case
was of poorly differentiated type. Of the total 47 lymph
nodes studied on routine histopathology, 41 were nega-
tive whereas 6 were positive for metastasis (Figs. 1 and 2).
Two of the total 6 cases of metastases occurred in the nodes
2010 25 mm in size and two in > 25 mm sized lymph nodes.

The relation between metastasis with the size of lymph
nodes was evaluated using Fisher’s exact y? test (Table 2).
A statistically significant difference (p = 0.003) in the in-
cidence rate of metastasis due to the size of lymph node
was noted in comparison with different sized lymph
nodes. In analysing the level of the lymph nodes with
metastasis, it was found that two of the total six cases
of metastasis occurred in level IB lymph nodes. Fisher’s
exact x? test showed a statistically significant difference
(p = 0.006) in the incidence rate of metastasis with the
level of the lymph nodes (Table 3). Although a statistical-

Table 1. Gender demographics of OSCC patients

Gender Frequency Percentage (%)
Males 6 60.0
Females 4 40.0
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Fig. 1. Haematoxylin and eosin-stained section of a negative lymph
node specimen (H&E, original magnification 40x)

Fig. 2. Haematoxylin and eosin-stained section of a positive lymph
node specimen demonstrating tumour deposits (H&E, original mag-
nification 100x)

ly significant difference was observed between the inci-
dence of metastasis and the size and level of lymph nodes,
an accurate interpretation of the results would be based
on evaluation of a large number of lymph nodes.

Table 2. Distribution of metastasis with the size of lymph nodes

A well-defined intercellular staining pattern was observed
in the positive control (oral mucosa) (Fig. 3). DSG3 positivity
was noted in the metastatic deposits, and no additional mi-
crometastatic deposits could be detected in the histologically
proven negative nodes. The data was analysed using McNe-
mar’s test and was found to be statistically non-significant
(p = 1.000). These results are summarised in Table 4.

There was difficulty in identifying additional micrometa-
static deposits due to the presence of a substantial number
of activated macrophages that exhibited DSG3 immunore-
activity. The DSG3+ macrophages were found in the sub-
capsular sinuses, interfollicular areas, medullary sinuses, as
well as in the lymphoid follicles. To confirm whether the
DSG3+ cells were indeed macrophages and to evaluate its
polarisation, the specimens were then subjected to the
following markers: CD68 (pan macrophage marker) and
(D163 (marker for M2 phenotype). The DSG3+ cells were
CD68+, thus confirming the macrophage phenotype of the
cells. However, a subset of the group were CD163+, con-
firming the M2 polarisation of the macrophages (Figs. 4-6).

Discussion

The five-year survival rate of patients largely depends
on the tumour stage at the time of diagnosis, decreasing
from 50% in patients without the presence of lymph node
metastasis to 90% with nodal metastasis [10-12]. Approx-
imately 30% of patients with OSCC, who present without
any clinical or radiographic evidence of regional disease, in
fact harbour occult cervical metastasis, which is detected
microscopically — divided into three types: macrometasta-
ses (> 2-3 mm in the largest dimension), micrometastases
(< 2-3 mm in the largest dimension), and isolated tumour
cells (individual or small clusters of tumour cells within the
lymph node sinuses < 0.2 mm). The size and type of me-
tastasis may influence the prognostic value of nodal me-
tastases [12, 13]. Thus detection of tumour deposits within
the lymph nodes is critical for patient care.

Immunohistochemistry serves as a reasonably good
cost-effective alternative over PCR immunoarrays in the
detection of occult lymph node metastasis. Although cy-
tokeratins have been consistently used as immunohisto-
chemical markers for detection of nodal metastases, they
are not very specific. Reticulum cells, ectopic salivary gland
inclusions, mesothelial inclusions, and metastatic thyroid
follicles can show cytokeratin positivity [12, 14]. Several
studies have also found inconsistencies in the precise cy-
tokeratin to be analysed [7].

Size Number of nodes Number of positive nodes Percentage Fisher’s exact y? test
(mm) (H&E) of metastasis
0-5 3 0 0
5-10 18 0 0
10-15 17 1 5.9
p =0.003
15-20 3 1 333
20-25 2 2 100
> 25 4 2 50
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Table 3. Distribution of metastasis with the level of lymph nodes

Valid Frequency Percentage Valid Percentage  Number of positive Percentage Fisher’s exact
nodes (H&E) 2 test
A 6 12.8 12.8 1 16.7
I'B 2 43 43 2 100
IMA 9 19.1 19.1 1 11.1
B 1 234 234 0 0 p=0006
1 17 36.2 36.2 1 5.9
\% 2 43 43 1 50
Total 47 100.0 100.0 6 12.8

Table 4. Comparison of findings on routine histological examination and those on immunohistochemical evaluation

Method Detection Total McNemar’s test
Negative Positive
IHC Count 41 6 47
% within method 100% 100.0%
% of total 87.2% 12.8%
H&E Count 41 6 47 PSRt
% within method 100% 100.0%
% of total 87.2% 12.8%

= T

Fig. 3. Positive control: Stratified squamous epithelium of the oral  Fig. 4. Photomicrograph revealing CD68 positive cells within the
mucosa: DSG3 positivity seen in the intercellular junctions (DSG3,  subcapsular sinus indicative of macrophages (CD68, original magni-
original magnification 400x) fication 100x). (Inset: 400x)

Fig. 5. Photomicrograph revealing DGS3 positive macrophages within ~ Fig. 6. Photomicrograph revealing CD163 positive macrophages
the lymph nodes (DSG3, original magnification 100x). (Inset: 400x) within the lymph nodes (CD163, original magnification 100x) (In-
set: 400x)



contemporary

Chen et al. surveyed and identified several cancer-as-
sociated genes using differential display and showed that
DSG3 is overexpressed in head and neck cancer, with the
degree of overexpression associated with the clinic-patho-
logic features of the tumour [5].

Several other studies have shown that DSG3 is a squa-
mous specific marker and highly expressed in head and
neck carcinoma [6, 15-17]. Thus in a quest to find a sin-
gle specific and sensitive marker and thus to enhance the
detection of micrometastatic disease, we investigated the
potential of DSG3 as a marker for the detection of occult
metastasis.

In the current study, we could not detect any additional
micrometastatic deposits in the 41 histologically evaluat-
ed negative nodes. Using cytokeratins as markers of mi-
crometastasis detection in HNSCC cases, various authors
have shown that the detection rate varies from 1.3% to
68% [4, 12, 18]. Patel et al. [7] evaluated formalin-fixed, par-
affin-embedded, anonymised tissue sections of non-met-
astatic (NO) and metastatic (N+) human cervical lymph
node biopsies from patients diagnosed with HNSCC for
expression of DSG3 and cytokeratin. Positive lymph nodes
(n = 30) stained positive for CK+ and DSG3+ whereas neg-
ative lymph nodes (n = 5) were CK—and DSG3-. They then
tested the usefulness of DSG3 to be used as a sensitive
marker using the microfluidic immunoarray system. Pro-
tein extracts of normal and positive metastatic lymph
nodes were used for the same. The negative lymph nodes
showed marginal values for DSG3, which was attributed
to nonspecific binding, whereas all of the positive, met-
astatic lymph nodes showed high levels of DSG3 protein
expression [7].

This is the only study conducted in subsequence of the
study presented by Patel et al. evaluating the efficacy of
DSG3 as a marker for the detection of micrometastasis
in cervical lymph nodes. In contrast to their study, we did
not detect any occult metastatic deposits with IHC. Inter-
estingly, a substantial number of activated macrophages
showing positivity for DSG3 could be identified within the
subcapsular sinuses, interfollicular areas, and medullary
sinuses as well as in the lymphoid follicles and exhibited
characteristic granular to diffuse cytoplasmic staining pat-
terns. The study of Patel et al. [7] did not report this find-
ing. The presence of the DSG3+ cells posed diagnostic dif-
ficulty in differentiating the isolated tumour cell deposits
from the activated macrophages, thus reducing the speci-
ficity of the marker. However, DSG3 characteristically high-
lighted the macro-metastatic deposits. To further confirm
the phenotype of the DSG3+ cells within the histologically
negative lymph nodes, the tissue sections were subjected
to CD68 and CD163 antibodies/markers. It was seen that
these DSG3+ macrophages were CD68+ (confirming the
macrophage phenotype), and a subset of these macro-
phages showed CD163+ positivity (M2 polarisation).

Macrophages are pivotal members of the inflamma-
tory infiltrate and respond to the microenvironment sig-
nals [19]. Evidence suggests that macrophages support
tumour-associated angiogenesis, promote tumour cell
invasion, facilitate tumour metastasis, and suppress anti-
tumour immune responses [20]. Recent studies have

further strengthened the idea that through interaction
between tumour cells and macrophages, macrophages
undergo a process of “education” within the tumour micro-
environment [19]. As such they can be polarised into two
functionally distinct states: Classically activated (M1)
state, which possesses anti-tumour activity; and the al-
ternatively activated (M2) state, which promotes tumour
invasion and metastasis [21]. Most tumour associated
macrophages (TAMS) are M2 type, which are recognised
by CD163 positivity immunohistochemically. CD68 is used
as a pan-macrophage marker [21].

Owing to the compromised phagocytic activity, the M2
macrophages contribute to the phenomenon of immune
evasion of the tumour cells invading the lymph nodes.
Oberg et al. (2002) showed that poor patient survival cor-
relates with the number of M2 macrophages [22].

Wehrhan et al.,, on evaluation of the macrophage po-
larisation in patients with OSCC, observed that the lymph
vessel infiltration at the primary site was associated with
M2 polarisation of the macrophages in the regional lymph
nodes. These M2 macrophages were thought to contribute
to the peripheral immune tolerance [22].

Various other studies on malignant melanoma, colon
carcinoma, and prostate carcinoma have demonstrated
the presence of tumour marker-positive macrophages in
the regional lymph nodes [23, 24]. Japink et al. postulated
that the activated macrophages are attracted to the tu-
mour stroma and find themselves in close proximity to the
damaged tissue. This tumour antigen is then engulfed and
concentrated within the TAMs [25]. Direct communication
between macrophages and tumour cells is said to prepare
the regional lymph nodes for the acceptance and suste-
nance of metastases [22, 26].

Faber et al, from the assessment of regional lymph
nodes from patients with primary colon carcinoma, con-
cluded that tumour marker-containing macrophages trav-
el via the lymphatic system towards the regional lymph
nodes [24]. They also found substantial differences be-
tween the expression of the various tested tumour mark-
ers (CEA showing the greatest expression in comparison
to M30 and cytokeratin). They attributed the variable ex-
pression of the markers to the following:

The stability of the tested substance. CEA, being an ex-
tremely stable molecule, can survive adverse processing
conditions, whereas cytokeratins are easily damaged by
electrical or chemical agents.

There could be a relation between the presence and the
distribution of the investigated substances in the tumour
and the possibility of finding loaded macrophages [24].

Desmosomes are highly insoluble structures and can
withstand harsh denaturing conditions, thus having
a higher probability of being detected within the TAMS
[27-29]. Also, the substances a macrophage encounters
may depend on the macrophage and its location. The dif-
ferences described above may explain why not all macro-
phages of the lymph nodes contain the same substance/
antigen and also not the same amount [7, 24, 30].

Pawelek postulated that the fusion of tumour cells
with bone marrow-derived cells as a possible explanation
for tumour progression and metastasis. Such hybrid cells



Determining the potential of desmoglein 3 as a sensitive and specific immunohistochemical marker for the detection

of micrometastasis in patients with primary oral squamous cell carcinoma

have been identified in vitro and in sporadic cases in vivo
[31]. They proposed a simple model to explain a unifying
concept of metastasis: “White blood cell + Cancer cell =
Cancer cell with metastatic potential” [31].

In one of the first experiments, Pawelek experimentally
fused normal mouse or human macrophages with mouse
Cloudman S91 melanoma cells that had weak metastatic
potential. They observed that the hybrid clones showed
markedly enhanced chemotactic motility, and when im-
planted in mice, these hybrids showed elevated metastat-
ic potential compared to the implanted parental Cloud-
man S91 melanoma cells [31].

Desmoglein 3 and CD68 positivity within the macro-
phages might lead us to believe that these cells could rep-
resent tumour cell-macrophage hybrid models.

In conclusion, the present study concludes that DSG3
cannot be used as a single and specificimmunohistochem-
ical marker for the detection of micrometasis and may not
prove to be a better marker than cytokeratins. DSG3 stains
macrophages and does not appear to provide a confident
interpretation of metastasis where isolated positive cells
or micrometastatic deposits are involved.

However, the most interesting finding of the study was
the presence of the tumour marker positive macrophages.
Although the concept of tumour marker-positive macro-
phages has not been studied or investigated in HNSCC,
there have been studies done in colon carcinoma, breast
cancer, and malignant melanoma cases. The significance
of their detection is still under research.

We propose the following theories to explain the pres-
ence of tumour marker-positive macrophages within
regional lymph nodes. Firstly, it could be that the macro-
phages have engulfed the tumour antigen and migrated
towards the lymph nodes. This could be related to creating
an environment conducive for the acceptance of tumour
deposits. Desmogleins, being stable structures in com-
parison to cytokeratins, are better preserved following
staining procedures, thus increasing the possibility of their
detection within the macrophages. Secondly, the tumour
marker-positive macrophages could be a form of tumour
cell-macrophage hybrid.

Further investigation into the role of the tumour mark-
er-positive macrophages (especially the M2 polarised type)
within the lymph nodes, could help to better devise molec-
ular therapies targeted at restricting the spread of tumour
cells at an earlier stage.

The authors declare no conflict of interest.
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