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Abstract

How tumors access and spread via the lymphatics is not understood.
Although it is clear that dissemination via the blood system involves
hemangiogenesis, it is uncertain whether tumors also induce lymphangio-
genesis or simply invade existing peritumoral vessels. To address the issue
we quantitated tumor lymph vessels in archival specimens of head and
neck cancer by immunostaining for the recently described lymphatic
endothelial marker LYVE-1, the vascular endothelial marker CD34, and
the pKi67 proliferation marker, correlating lymph vessel density and
proliferation index with clinical and pathological variables. Discrete
“hotspots” of intratumoral small proliferating lymphatics were observed
in all carcinomas, and a high intratumoral lymph vessel density was
associated with neck node metastases (n � 23; P � 0.027) and an infil-
trating margin of tumor invasion (P � 0.046) in the oropharyngeal
subgroup. Quantitation of the lymphangiogenic growth factor vascular
endothelial growth factor C by real-time PCR and immunohistochemistry
revealed higher levels of mRNA in tumor tissue than in normal samples
(n � 8; P � 0.017), but no obvious correlation with intratumoral lym-
phatics. Our results provide new evidence that proliferating lymphatics
can occur in human cancers and may in some cases contribute to lymph
node metastasis.

Introduction

For tumors to spread to lymph nodes, they must first invade the
lymphatic system. In human cancers, it is not known whether this is
achieved through the formation and invasion of new lymphatics
within the tumor (tumor lymphangiogenesis) or by expansion and
invasion of preexisting lymphatics at the tumor periphery (1). This
issue has remained unresolved because of the difficulty in distinguish-
ing lymphatics from blood vessels coupled with the lack of detailed
knowledge concerning the molecular mechanisms of lymphangiogen-
esis (1, 2).

Recent studies in animals have shown that the proliferation of
lymph vessels that occurs during embryogenesis and normal tissue
growth is regulated by members of the VEGF3 family and their
receptors (3, 4). Indeed in mice, overexpression of VEGF-C and
VEGF-D, respectively, in orthotopically transplanted MDA-435
breast carcinoma and 293EBNA fibrosarcoma, or in RIP1/Tag2-RIP1/

VEGF-C transgenic mice has been shown to promote tumor lym-
phangiogenesis and subsequent lymph node metastases (5–7). In
human cancers, however, the phenomenon of tumor lymphangiogen-
esis has yet to be directly demonstrated. Although VEGF-C has been
detected in several different cancers and its levels in some cases
shown to correlate with nodal metastasis (see, e.g., Ref. 8; also
reviewed in Ref 1), its direct effect on lymph vessel proliferation
remains to be demonstrated (2).

One of the main obstacles to studies of tumor lymphangiogenesis
has been the lack of specific markers for lymphatic endothelium. For
example, VEGF receptor 3, a widely used and extremely valuable
marker for lymph vessels in normal tissues, is also expressed on blood
vessels within tumors (9, 10). Recently, we identified the new lym-
phatic marker, LYVE-1, a receptor for hyaluronan expressed on
lymphatic endothelium both in normal and neoplastic tissue (11, 12).
Here we have used immunohistochemistry with LYVE-1 in combi-
nation with blood vessel and cell proliferation markers to investigate
lymphangiogenesis in HNSCC and its relationship to nodal metastasis
and other pathological variables.

Materials and Methods

Patient Material. Archived paraffin-embedded tissue specimens from 70
previously untreated patients with HNSCC (31 with oral cavity carcinoma, 23
with oropharynx carcinoma, and 16 with larynx carcinoma) were studied. The
median age was 61 years (range, 17–92 years); the group included 49 men and
21 women. Of these, 26 tumors were early stage (T1/2) and 44 were late stage
(T3/4), 33 were N0 at presentation and 37 had metastatic spread to the neck
nodes (N�). All had surgery as their first line of management, with some
receiving postoperative radiotherapy. Specimens of complete resections rather
than biopsies were selected so that both normal and tumor tissue were present
on each slide. Tumors were graded as well differentiated, moderate, or poorly
differentiated, and the margin of tumor invasion into surrounding normal tissue
was identified as either pushing or infiltrating. The whole tumor area was
examined, and the percentage area of necrosis within the tumor was deter-
mined.

Immunostaining. Four-�m sections of formalin-fixed, paraffin-embedded
tissue were cut onto silanized glass slides, cleared of paraffin in Citroclear (HD
Supplies, Aylesbury, United Kingdom) and rehydrated through graded alcohol
baths. After a rinse in tap water, sections were incubated in 0.03% hydrogen
peroxide for 15 min to inactivate endogenous peroxidases. Slides were then
“pressure cooked” for 3 min in either 0.1 M Tris-HCl (pH 9.0)-2 mM EDTA for
CD34 single staining or 0.1 M citrate buffer (pH 6.0) for all other staining and
blocked in 10% normal human serum for 15 min.

Single Staining for LYVE-1/CD34. For the detection of lymphatic endo-
thelium, slides were incubated (30 min) with 1:100–1:500 dilutions of rabbit
polyclonal antihuman LYVE-1 antibody (11) in 20 mM Tris-HCl (pH 7.5)
containing 150 mM NaCl and 5% (v/v) normal human serum (TBS), rinsed
twice in the same buffer, and then developed using the HRP Envision System
(DAKO, Ely, United Kingdom). For the detection of vascular endothelium,
slides were incubated (60 min) with 1:100 diluted anti-CD34 monoclonal
antibody Qbend 10 (DAKO) in TBS. After two rinses in the same buffer, they
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were incubated with goat antimouse IgG (DAKO) for 30 min, washed, and
incubated with alkaline phosphatase–anti-alkaline phosphatase complex for 30
min. The last two steps were repeated twice with 10-min incubations as
described previously (13). Finally, slides were incubated (15 min) with new
Fuchsin Red substrate prior to counterstaining with hematoxylin (Sigma
Chemical Co., Poole, United Kingdom) and mounting with Aquamount (BDH,
Poole, United Kingdom). MVD and LVD were determined in tumor vessel
“hotspots”, using a Chalkley point counting grid at high power (�250) by two
observers as described previously (14). The mean of the vessel counts in three
hotspots per section was recorded.

Double Staining for LYVE-1/CD34, LYVE-1/pKi67, or LYVE-1/Tumor
Cytokeratins. Ten slides demonstrating high intratumoral LVD were selected
for each double staining. Slides were first incubated with LYVE-1 antibodies
(30 min), and then developed using the HRP or AP Envision Systems
(DAKO), depending on the conjugate used to detect second antibody. Slides
were then washed for 15 min in TBS and incubated (30–60 min) with
monoclonal antibodies to CD34 (Qbend 10, 1:100 dilution; DAKO); the
human epithelial cytokeratins 5, 6, 8, and 17 (monoclonal antibody MNF116,
1:60 dilution); or human pKi67 proliferation marker (monoclonal antibody
MIB-1, prediluted; Immunotech, Marseilles, France), followed by develop-
ment with HRP (DAKO EnVision System) conjugate in the case of MIB1 or
AP (DAKO EnVision System) conjugate in the case of Qbend 10 and
MNF116. Slides were then counterstained and mounted as described above.

Immunofluorescence Microscopy. To further discriminate between
lymph vessels and blood vessels, paraffin sections (processed as described
above) were incubated with a 1:100 dilution of antihuman CD34 monoclonal
antibody Qbend 10 and polyclonal anti-LYVE-1, mixed together in TBS, prior
to washing and incubating with a mixture of FITC-conjugated goat antimouse
and Texas Red-conjugated goat antirabbit immunoglobulin (1:50 dilution in
TBS; both from Southern Biotech). Slides were then mounted with fluorescent
mounting medium (Vectashield) and viewed under a Zeiss Axioskop fluores-
cence microscope.

Quantitative Analysis of VEGF-C mRNA by Real-Time PCR. Tran-
script levels for VEGF-C were measured by quantitative real-time PCR, using
the method of Holland et al. (15) in which the amount of amplified product is
measured fluorometrically after duplex formation with a synthetic fluorescent
oligonucleotide probe. The amount of fluorescent product at any given cycle
within the exponential phase of PCR is proportional to the initial number of
template copies. Assays were performed using TaqMan PCR core reagents,
and the reactions were recorded and analyzed using an ABI Prism 7700
sequence detector equipped with a 96-well thermal cycler (Perkin-Elmer
Applied Biosystems, Warrington, United Kingdom; Ref. 16).

Briefly, for isolation of total cellular RNA, samples of paired tumor and

normal tissue samples from resected primary HNSCC (two oral cavity, two
oropharynx, one larynx, three hypopharynx) were snap-frozen in liquid nitro-
gen, pulverized with a pestle and mortar, and subjected to mRNA preparation
using TRI reagent (Sigma Chemical Co., Poole, United Kingdom) according to
manufacturer’s instructions. RNA samples (50–100 ng) were then incubated
with 0.01 units of uracil N-glycosylase (2 min at 50°C) and reverse-transcribed
in a 25-�l oligo(dT)-primed reaction at 60°C for 30 min. The cDNA templates
were then subjected to a 5-min initial denaturation at 92°C prior to 40 cycles
of PCR (92°C for 20 s and 62°C for 1 min, per cycle) in the presence of rTth
DNA polymerase and primers spanning exons 2 and 3 of VEGF-C (forward
primer, 5�-TCAAGGACAGAAGAGACTATAAAATTTGC-3�; reverse primer,
5�-ACTCCAAACTCCTTCCCCACAT-3�) or exons 2 and 3 of glyceraldehyde
3-phosphate dehydrogenase (forward primer, 5�-GAAGGTGAAGGTCG-
GAGTC-3�; reverse primer, 5�-GAAGATGGTGATGGGATTTC-3�). The
137-bp VEGF-C and 226-bp glyceraldehyde 3-phosphate dehydrogenase prod-
ucts were quantitated with the oligonucleotide probes 5�-ATACACACCTC-
CCGTGGCATGCATTG-3� and 5�-CAAGCTTCCCGTTCTCAGCC-3�, re-
spectively. labeled with the fluorophore 6-carboxyfluorescein at the 5� end and
the fluorescent quenching group 6-carboxytetramethylrhodamine at the 3� end.

Statistics. Statistical analysis was carried out using the whole group of
70 patients with HNSCC as well as each subsite, the oral cavity, oro-
pharynx, and larynx, separately. LVD was divided into two categories, high
and low, by the highest third. Tumor stage was divided into two categories,
early (T1 or T2) and advanced (T3 or T4), and nodal stage into N0 (node
negative at presentation) and N� (node positive at presentation). The
associations between LVD and sex, T-stage, N-stage, grade of tumor,
necrosis, and margin of invasion were examined using the Pearson �2 test.
The correlation between LVD and MVD or VEGF-C mRNA copy number
was examined using Spearman correlation. The difference in VEGF-C
mRNA copy number between tumor and adjacent normal tissue samples
was examined using the Wilcoxon signed-ranks test. All statistical calcu-
lations were performed using SPSS software, version 9.0.

Results

Identification of Intratumoral Lymphatics in HNSCC. To char-
acterize lymph vessels in HNSCC, we carried out immunostaining of
oral cavity, oropharyngeal, and laryngeal carcinomas with antibodies
to the LYVE-1 HA receptor, previously identified as a marker for
lymphatic vessel endothelium in human and murine tissues (11, 12).
Numerous large, LYVE-1-reactive, irregularly shaped, thin-walled
subdermal lymphatics were detected in sections of normal tongue

Fig. 1. Immunostaining of lymphatic vessels in
normal tongue. Lymphatic vessels underlying the
epithelium are positively stained with LYVE-1 an-
tibody (A and B; magnification, �100 in A and
�320 in B), but not with control pre-immune serum
(C; magnification, �200). In contrast, capillaries
containing RBCs do not stain with LYVE-1 anti-
body (B, red arrow). In D, lymphatic vessels are
further distinguished from blood capillaries by dou-
ble immunostaining with LYVE-1 antibody
(brown) and antibody to the blood vascular endo-
thelial marker CD34 (pink; magnification, �200).
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adjacent to tumor (Fig. 1, A and B). These were clearly distinguished
from adjacent blood vessels, which did not stain significantly for
LYVE-1 and which were regular in shape, surrounded by smooth
muscle, and contained RBCs (Fig. 1B). The distinction was confirmed
by double immunostaining with LYVE-1 and the vascular endothelial
marker CD34, which demonstrated mutually exclusive staining of the
two vessel types (Fig. 1D). No staining was observed when pre-
immune serum was used as the control (Fig. 1C).

By comparison, HNSCC tumor areas appeared devoid of LYVE-1
�ve vessels except for the peritumoral regions, where large open
lymph vessels were frequently located (Fig. 2A and data not shown).
However, further examination revealed that intratumoral lymph ves-
sels were in fact present, concentrated in discrete hotspots both within

sheets of tumor cells in carcinomas with a pushing margin (Fig. 2,
B–D) and in areas containing leukocyte infiltration in carcinomas
with an invasive margin (Fig. 2, E and F). These intratumoral
vessels often had a distinctive reticular architecture with numerous
tiny or ill-defined lumina (Fig. 2, B–G) that differed markedly
from the larger and more conventional architecture of vessels
found at the tumor margin (peritumoral lymphatics; Fig. 2A) or
within normal tissue areas (Fig. 1, A and B). Identification of the
vessels as intratumoral lymphatics was confirmed by a combina-
tion of double immunohistochemical and double immunofluores-
cence staining with antibodies to LYVE-1 and CD34, which re-
vealed mutually exclusive expression of these markers on the two
vessel types (Fig. 2, G and H).

Fig. 2. Immunostaining of lymphatic vessels in
squamous carcinoma of the tongue. Large, patent
LYVE-1-positive lymphatic vessels (black ar-
rows), some containing tumor cells (blue arrow),
are present at the tumor margin (A; magnification,
�100), and smaller, multiluminal LYVE-1-posi-
tive lymphatics are present within the tumor body
of carcinomas with pushing margin (B–D; magni-
fication, �200, �200, and �320, respectively).
Small intratumoral LYVE-1-positive lymphatics
are also visible interspersed between tumor foci in
carcinomas with invasive margins containing leu-
kocytic infiltrates (E and F; magnification, �200).
Tumor lymphatics are clearly distinguished from
blood capillaries both by double immunohisto-
chemical staining with LYVE-1 antibody (brown)
and CD34 antibody (pink), respectively (G; mag-
nification, �400) and by double immunofluores-
cence staining with LYVE-1 antibody (red) and
CD34 antibody (green; panel H; magnification,
�320). T, tumor.
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Proliferation Status of Intratumoral Lymphatics. The charac-
teristic basket-like morphology of the LYVE-1-positive intratumoral
lymphatics resembled the nascent structures seen in blood vessel
networks during VEGF-induced hemangiogenesis in vitro (17), sug-
gesting that these might be newly proliferating lymphatics. To explore
this further, we carried out double immunostaining with antibodies to
LYVE-1 and the proliferation-associated pKi67 nuclear protein
(MIB1 antibody) to look at the occurrence of dividing nuclei among
lymphatic endothelial cells within the intratumoral and peritumoral/
normal lymphatic vessel populations. The results confirmed MIB1
nuclear staining in a proportion of the small intratumoral lymph vessel
endothelial cells (Fig. 3, A–D) and, as expected, in the tumor cells
themselves (see, e.g., Fig. 3, A and D) and their surrounding CD34
�ve blood capillaries, (Fig. 3E). In contrast, no dividing nuclei were
observed in either the larger peritumoral or normal tissue lymph
vessel endothelia (data not shown). This evidence suggests that the
intratumoral lymphatics in HNSCC are indeed proliferating new ves-
sels and not preexisting lymphatics that had merely been surrounded
and entrapped by the advancing tumor mass.

Proliferating Intratumoral Lymphatics and VEGF-C Expres-
sion. Overexpression of recombinant VEGF-C in orthotopically
transplanted MDA-435 breast carcinoma and transgenic mouse insu-
linoma has recently been shown to induce extensive tumor lym-
phangiogenesis and lymph node metastasis (5, 6). To assess the
possible involvement of VEGF-C in regulating intratumoral lymph
vessel growth in human head and neck cancer, we compared the levels
of VEGF-C mRNA in normal and tumor tissue, using quantitative

real-time PCR. The results showed that the median copy number of
VEGF-C mRNA was 4–5-fold higher in primary HNSCCs than in
adjacent normal tissue (n � 8; tumor median, 9.30 � 105

(4.93 � 105–8.77 � 106; normal median, 2.21 � 105 (9.39 � 101–
1.25 � 106; P � 0.017, Wilcoxon signed-rank test). However, there
was no correlation between tumor VEGF-C mRNA copy number and
intratumoral LVD in the small number of cases analyzed (n � 8;
P � 0.434, Spearman correlation). In addition, preliminary staining of
tumor sections with antibodies to VEGF-C detected only weak posi-
tivity throughout the tumors, and there was no evidence for elevated
expression adjacent to intratumoral lymphatics (data not shown).
Although these findings are far from conclusive, they indicate that
there is no simple relationship between tumor VEGF-C levels and
intratumoral lymph vessel proliferation in HNSCC.

Relationship of Intratumoral Lymph Vessels with Lymph Node
Metastasis and Tumor Invasiveness. To assess whether intratu-
moral lymph vessels act as a conduit for metastasis, we looked for
evidence of tumor cells within the lumen by double staining with
LYVE-1 and the squamous cell cytokeratin antibody MNF116. The
results revealed tumor aggregates inside some of the LYVE-1 �ve
peritumoral lymphatics in each of the three HNSCC categories (Fig.
3F and data not shown); however, no aggregates were reliably iden-
tified within the smaller LYVE-1 �ve intratumoral vessels. Quanti-
tation of intratumoral LVD by the Chalkley counting method revealed
a statistically significant association (P � 0.027, Pearson’s �2;
n � 23; Table 1) between high intratumoral LVD (highest tertile) and
lymph node metastases in oropharyngeal carcinoma, but not in oral

Fig. 3. Newly dividing intratumoral lymphatic
vessels and blood vessels are detected by double
staining for the pKi67 proliferation antigen (brown
nuclear staining) and either LYVE-1 or CD34, re-
spectively (pink membrane/cytoplasmic staining in
each case). Panels A–D show examples of dividing
LYVE-1/MIB-1 double-positive small lymph ves-
sels (black arrows) surrounded by large numbers of
dividing LYVE-1-negative/MIB-1-positive squa-
mous carcinoma cells. Panel E shows blood capil-
laries containing dividing CD34/MIB-1 double-
positive vascular endothelial cells (black arrows)
and an adjacent dividing tumor cell containing a
mitotic figure (red arrow). Panel F shows aggre-
gates of cytokeratin-positive tumor cells (mono-
clonal antibody MNF116; brown staining) present
within the lumen of a large LYVE-1-positive peri-
tumoral lymphatic vessel (pink staining). Magnifi-
cation was as follows: panel A, �200; panel B,
�1000; panel C, �1000; panel D, �400; panel E,
�200; panel F, �400.
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cavity carcinoma (n � 31) or laryngeal carcinoma (n � 16). These
findings argue that the formation of intratumoral lymph vessels may
not facilitate nodal metastasis in all types of HNSCC. Alternatively,
other important factors (as yet unidentified) in addition to mere access
to lymph vessels may also be required for some tumors to metastasize
to lymph nodes (see “Discussion”).

There was also a significant association between an infiltrating
tumor margin and an intratumoral LVD in the highest tertile when all
three subgroups of HNSCC were considered together (n � 68;
P � 0.004, Pearson’s �2; Table 1). Again, this was found in the
oropharyngeal carcinoma subgroup (n � 23; P � 0.046, Pearson’s
�2), but not in the oral cavity carcinoma (n � 31) or laryngeal
carcinoma subgroups (n � 14). Interestingly, an infiltrating tumor
margin is known to be associated with increased tumor aggressiveness
(18) and with neck node metastases and poor prognosis in HNSCC
(19).

Finally, there was no correlation between LVD and MVD by the
Spearman correlation (data not shown), and there was no significant
association between LVD and sex, T-stage, grade of differentiation, or
necrosis in any of the subgroups when considered alone or together
(Table 1).

Discussion

The blood-borne metastasis of human cancers is known to involve
invasion of intratumoral blood vessels generated by the process of
tumor angiogenesis. In the case of lymph-borne metastasis, however,
the occurrence and involvement of lymphangiogenesis have been
demonstrated only in experimental mouse tumors (5–7) and their role
in human cancers remain controversial. In this report we have dem-
onstrated that intratumoral lymph vessel proliferation indeed occurs in
HNSCCs and that in oropharyngeal carcinoma it correlates with
lymph node metastasis.

The evidence that the intratumoral vessels we observed are newly
proliferating rather than trapped preexisting or hyperplastic lymph
vessels may be listed as follows. First, the morphology of intratumoral
vessels resembles that of immature rather than mature lymphatics
insofar as they have a much smaller diameter, often comprising two to
three individual endothelial cells and containing multiple lumina,

reminiscent of newly angiogenic blood vessels (17). Second, unlike
peripheral lymph vessels and vessels close to the tumor margin, they
contained proliferating nuclei. Third, they were often located in the
middle of tumor sheets rather than confined to islands of stroma
formed from invaginations of normal tissue. We cannot at this stage
conclude whether the proliferating lymph vessels arise from bone
marrow-derived precursors/lymphangioblasts (Ref 20; true lymphatic
vasculogenesis) or by sprouting from co-opted peritumoral vessels
(lymphangiogenesis). However, we favor the latter possibility, which
would imply that the intratumoral and peritumoral vessels may well
interconnect (see below). Analysis of vessel continuity in human
cancer tissue by methods such as dye uptake studies (21) would,
however, be difficult if not impossible to accomplish, and such studies
must continue to rely on the use of animal models.

The main significance of proliferating intratumoral lymph vessels is
that they could provide a possible route for the spread of HNSCC
tumors to local lymph nodes. Our finding in oropharyngeal carcinoma
that a high intratumoral LVD correlates with neck node metastasis
supports this hypothesis and again lends credence to the possibility
that the intratumoral and peritumoral lymph vessels interconnect.
However, this must be balanced by our finding that laryngeal and oral
cavity carcinomas displayed no correlation between LVD and nodal
metastasis. Perhaps only a small number of cancers exploit intratu-
moral lymphatics for metastasis. In any event, the link between
lymphangiogenesis/lymphoproliferation and dissemination to lymph
nodes is likely to be complex. For example, the three HNSCC sub-
groups, although equally lymphangiogenic, may vary in their capacity
to invade lymphatics. This could be attributable to differential pro-
duction/activation of factors such as matrix metalloproteinases or
tumor growth factor � (22, 23) or of growth factors, such as VEGF-A,
that increase blood vessel (and perhaps lymph vessel) permeability
(24). Future studies using RNA profiling or proteomic analyses are
likely to be required to resolve these issues.

It is difficult to conclude whether proliferation of intratumoral
lymph vessels in HNSCC is a consequence of VEGF-C or VEGF-D
action, in a fashion analogous to that seen in recent studies with mouse
tumor models (5, 7). Although VEGF-C expression was elevated in
HNSCC relative to normal tissue, there was no clear correlation

Table 1 Patient demographics and pathological scoring

LVD category,a n

All cases
(n � 70)

Oral cavity
(n � 31)

Oropharynx
(n � 23)

Larynx
(n � 16)

Low High Low High Low High Low High

LVD, Median (range)
(Chalkley count) 3.0 (0–3.7) 4.7 (4.0–7.3) 2.67 (0–3.7) 4.5 (4.0–5.3) 3.0 (1.0–3.7) 4.8 (4.0–6.0) 3.3 (0–3.67) 4.3 (4.0–7.3)

Sex
M 32 17 12 5 11 6 9 6
F 11 10 9 5 2 4 0 1

T stage
T1/2 16 10 9 6 4 3 3 1
T3/4 27 17 12 4 9 7 6 6

N stage
N0 23 10 13 8 5 0 5 2
N� 20 17 8 2 8 10 4 5

Tumor grade (differentiation)
Poor 4 4 1 2 1 2 2 0
Moderate 32 20 14 7 11 6 7 7
Well 7 3 6 1 1 2 0 0

Tumor margin
Pushing 20 4 9 1 8 2 3 1
Invasive 21 23 12 9 5 8 4 6

Necrosis
0 22 18 14 8 6 7 2 3
1 15 8 4 1 6 3 5 4
2 6 1 3 1 1 0 2 0

a Tertiles based on LVD category: high, highest tertile; low, lower two tertiles.
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between mRNA levels and intratumoral LVD or any evidence of
increased VEGF-C immunoreactivity close to hotspots of proliferat-
ing lymph vessels. As in hemangiogenesis where several growth
factors, including VEGFs, fibroblast growth factors, and angiopoi-
etins, regulate vessel growth (25), multiple growth factors are also
likely to regulate lymphangiogenesis. The identification of such fac-
tors will be greatly facilitated by the isolation and culture of primary
lymphatic endothelial cells using markers such as LYVE-1.

Finally, although tumor emboli were occasionally observed within
peritumoral vessels in all three HNSCC subtypes, they were not
obvious within intratumoral vessels. These findings indicate that
intratumoral lymph vessels are probably not a major conduit for nodal
metastasis in HNSCC. However, it should be appreciated that there
are limitations in detecting what may be rare events by examining
small sections of archival tissue at a single point in time. We therefore
speculate that the spread of HNSCC tumor cells to lymph node may
involve invasion of both peritumoral and intratumoral vessels. Indeed
it is possible that some of the emboli we observed within peritumoral
vessels originate from initial invasion of intratumoral vessels. Such
speculation seems reasonable in light of reports in the mouse that the
intratumoral lymphatics of VEGF-C- and VEGF-D-transfected tu-
mors frequently contained intralumenal emboli (5, 7). Blockade of
tumor lymphangiogenesis or intralymphatic invasion may therefore be
an option for future therapeutic intervention in some types of human
cancer.
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