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Peritumoral lymphatic microvessel density is
related to poor prognosis in lung adenocarcinoma:
A retrospective study of 65 cases
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Abstract. Although recent investigations have identified that
lymphangiogenesis is associated with regional lymph node
metastasis and tumor prognosis in non-small cell lung cancer
(NSCLC), peritumoral lymphatic microvessel density (LMVD)
and its prognostic significance in lung adenocarcinoma remain
unknown. In the present study, we assessed peritumoral LMVD
in lung adenocarcinoma and investigated its correlation with
patient prognosis. Using immunohistochemistry (SP method),
the D2-40-positive peritumoral LMVD count in lung adeno-
carcinoma was found to be 11.56+10.73, which was higher
than intratumoral LMVD (P<0.001), and was found to be asso-
ciated with lymphatic metastasis (P=0.003) and pTNM staging
(P=0.046). Furthermore, a significant difference in the patient
overall survival time was demonstrated between tumors with
a high peritumoral LMVD and those with a low peritumoral
LMVD (P=0.005). Finally, using multivariate analysis, it was
determined that peritumoral LMVD, lymphatic metastasis
and pTNM staging were independent prognostic factors. In
conclusion, the results suggest that D2-40-positive peritumoral
LMVD may predict the prognosis of lung adenocarcinoma.

Introduction

Lung cancer is the leading cause of tumor-related mortality
throughout the world, and adenocarcinoma has surpassed
squamous cell carcinoma as the most frequent type of lung
cancer (1). Lung adenocarcinoma is well known for its ability
to involve metastatic disease even at the early stages of tumor
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growth, which generally results in treatment failure. Due to the
early acquisition of a metastatic phenotype and the associated
poor prognosis of lung adenocarcinoma, investigation into the
molecular mechanisms responsible for metastasis may lead to
the development of new treatments for these patients.

Regional lymph node metastasis is a major route for tumor
metastasis in non-small cell lung cancer (NSCLC), which
is also one of the most significant prognostic indicators for
NSCLC patients. Lymphangiogenesis is considered to be the
initial step and key event of lymphatic and regional lymph node
metastasis, but only peritumoral lymphangiogenesis is func-
tional (2,3). A number of studies have provided support for the
contribution of vascular endothelial growth factor (VEGF)-C
and VEGF-D, and their respective receptors, including vascular
endothelial growth factor receptor (VEGFR)-2 and VEGFR-3,
in tumor-induced lymphangiogenesis (4,5). Not only tumor
cells, but also inflammatory cells in tumor stroma including
tumor-associated macrophages (TAMs), express VEGF-C and/
or VEGF-D, and induce peritumoral lymphangiogenesis and
lymph node metastasis (6-8). Lymphatic microvessel density
(LMVD) is a significant indicator of tumor lymphangiogen-
esis. A number of studies have demonstrated that LMVD is
an independent prognostic factor in NSCLC (9-12). However,
no significant association between LMVD and lymph node
metastasis in NSCLC has been reported (13). Thus, the corre-
lation of lymphangiogenesis with lymph node metastasis and
patient survival is controversial and remains to be clarified.
Moreover, no study has examined whether the prognosis of
patients with lung adenocarcinoma is correlated with the peri-
tumoral LM VD rather than the intratumoral LMVD.

This study investigated the immunohistochemically
determined count of LMVD and found that peritumoral
lymphangiogenesis is related to poor prognosis in patients
with lung adenocarcinoma.

Materials and methods

Patients and tissue samples. A total of 65 patients with
lung adenocarcinoma (38 male and 27 females; mean age,
51.5 years; age range, 32-76 years) who underwent either
lobectomy or pneumonectomy at Wuhan General Hospital of
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Table I. Correlation between D2-40 positive LMVD and clini-
copathological features (mean + SD).

Clinicopathological n Intratumoral  Peritumoral
features LMVD LMVD
Gender

Male 38 4.02+£2.11 11.02+10.29

Female 27  395+1.73 12.81%11.23
Age

=55 years 39 398+2.10 12.98+11.04

<55 years 26 4.15+1.26 10.99+9.61
Differentiation

Favorable and intermediate 45 4.13+1.96 11.95+10.43

Poor 20 3.98+2.16 10.90+10.17
Lymphatic metastasis

Positive 36 3.12+2.56 14.98+5.60

Negative 29 486+227 < 991+£2.16
pTNM stage

Iand II 38 431£2.72 13.54+10.32*

I and IV 27  3.45+2.33 10.09+6.11

“Statistically significant. LMVD, lymphatic microvessel density.

Guangzhou Command, People's Liberation Army, China, were
investigated. The patients underwent tumor resection between
2003 and 2006. None of the patients received any preoperative
chemotherapy or radiotherapy. The lesions of the 65 patients
were staged according to the UICC 2010 pTNM classification
(7th edition), and stage I, II, III and IV lesions were present
in 14, 24, 25 and 2 patients, respectively. Histologically,
according to the new classification proposed for lung adeno-
carcinoma by the IASLC/ATS/ERS 2011 (14), 16 tumors were
graded as favorably differentiated (non-mucinous lepidic), 29
as intermediately differentiated (papillary and acinar) and
20 as poorly differentiated (solid and micropapillary) adeno-
carcinoma. Lymph node metastasis occurred in 36 patients,
while the other 29 patients had no lymph node metastasis.
All patients accepted complete removal of the tumor and
were treated by standardized therapy following surgery. All
patients were followed up and their outcomes were known.
The clinicopathological parameters of those patients with lung
adenocarcinoma are shown in Table I.

LMYVD by immunohistochemistry. D2-40 was used as the
immunohistochemical marker for lymphatic endothelial cells
(LECs) for the evaluation of LMVD (15). Resected tissue
specimens were fixed in formalin, embedded in paraffin,
and cut into 5-uym serial sections. These sections were then
deparaffinized in xylene, and rehydrated through graded
alcohol and deionized water. The slides were immunostained
with a mouse monoclonal antibody D2-40 (1:200; Signet
Laboratories, Dedham, MA, USA) at 4°C overnight, and
subsequently exposed to a biotinylated secondary antibody for
20 min, followed by treatment with streptavidin peroxidase.
For color development, the slides were stained with 3,3'diami-
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nobenzidine (DAB), and counterstained with hematoxylin and
eosin (H&E). A reddish-brown precipitate in the cytoplasm of
LECs indicated a positive reaction.

Following scanning of the immunostained sections at low
magnification (x100), the regions with the greatest number of
distinctly highlighted lymphatic foci (hot spots) were selected
by two observers at the same time. The two observers then
independently evaluated the slides for the LMVD count
using x400 magnification (field, 0.03 mm?) in three regions
without knowledge of the tumor status and the stains used. The
intratumoral compartment was the area encompassing cancer
glands in the H&E section. The peritumoral compartment was
defined as the area around the intratumoral compartment (a
1-mm band including the edge of the tumor and just outside the
tumor). Single immunoreactive endothelial cells or endothelial
cell clusters separate from other microvessels were counted as
a vessel according to previous procedures (6).

Statistical analysis. The intratumoral or peritumoral LMVD
was expressed as the mean + SD. Statistical differences
between the means were analyzed by the independent-samples
t-test. On the basis of LMVD, patients were classified into the
high or low peritumoral LMVD group, and the overall survival
rate was compared between the two groups. Overall survival
time was calculated from the date of surgery until mortality
or, if the patient was still alive, until the last follow-up visit.
Mortality from any cause was considered for overall survival.
Two overall survival rates were calculated by the Kaplan-Meier
method and compared by the log-rank test. Each prognostic
factor was evaluated with regard to survival in a multivariate
analysis by the Cox proportional hazards regression model.
P<0.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed with SPSS
17.0 (SPSS Inc., Chicago, IL, USA).

Results

D2-40-positive LMVD in lung adenocarcinoma.
D2-40-positive lymph vessels were observed in all 65 lung
adenocarcinoma samples examined. Staining of lymphatic
vessels with characteristic irregular morphology, empty lumina
without red blood cells and thin endothelium were strong and
distinct when such lymphatic vessels were present. Vessels
containing red blood cells were not stained. In lung adeno-
carcinoma, D2-40-positive vessels were detected more in the
peritumoral stroma (Fig. 1A and B) than in the intratumoral
compartment (Fig. 1C and D). The count of D2-40-positive
peritumoral LMVD was 11.56+10.73, which was higher than
that of the intratumoral LMVD (3.96+1.15) (P<0.001).

Correlation of D2-40-positive LM VD with clinicopathological

features. Table I shows the correlation between peritumoral
or intratumoral LMVD and clinicopathological features.
Peritumoral LMVD was significantly associated with lymph
node metastasis (P=0.003) and pTNM staging (P=0.046), but
not with gender, age and differentiation. Intratumoral LMVD
did not correlate with any of the clinicopathological features.

Prognostic significance of D2-40-positive LMVD. To assess
the prognostic significance of D2-40-positive peritumoral
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Figure 1. (A and B) Peritumoral LMVD and (C and D) intratumoral LMVD in lung adenocarcinoma samples. D2-40-positive staining was detected in lymph
vessels by immunohistochemical staining (magnification, x400; SP method). LMVD, lymphatic microvessel density.

Table II. Multivariate analysis of various prognostic factors in
patients.

Factor P-value HR 95% CI

Gender 0.169 0.620 0.312-1.226
Age 0.558 1.008 0.982-1.033
Differentiation 0.655 0.852  0.422-1.720
Lymphatic metastasis 0.040¢ 0.470 0.229-0.966
pTNM stages 0.000* 24.199 4.552-128.6
Intratumoral LMVD 0.761 0.955 0.710-1.285
Peritumoral LMVD 0.002¢ 1.123 1.042-1.210

“Statistically significant. LMVD, lymphatic microvessel density.

LMVD, patients were classified into two groups on the basis
of peritumoral LMVD. A median value of 11 was used as the
cut-off in peritumoral LMVD. The median overall survival
times for the patients with peritumoral LMVD <11 or >11 were
31 and 13 months, respectively, demonstrating a significant
difference in overall survival (P=0.005) (Fig. 2A). Meanwhile,
there was a significant difference between the survival rate
curve in the positive and negative lymphatic metastasis
groups (Fig. 2B) (P=0.002). Fig. 2C shows the significant
difference between survival rate in stages I and II and stages
I and IV (P=0.000).

Multivariate analysis. Intratumoral LMVD, peritumoral
LMVD and other factors, including gender, age, differentiation,
lymph node metastasis and pTNM staging, were analyzed by
Cox proportional hazards regression models in all 65 patients
with lung adenocarcinoma. Peritumoral LMVD, as well as
lymph node metastasis and pTNM staging, were independent
prognostic factors for overall survival (Table II).

Discussion

Our data revealed that D2-40 was the most specific lymphatic
endothelial marker for the detection of lymphangiogenesis.
In recent years, the discovery of LEC markers has facilitated
detailed analyses of the nature and structural organization of
lymphatic vessels and their growth (lymphangiogenesis). The
understanding of the molecular mechanisms of lymphangio-
genesis and the elucidation of the development of normal and
pathological tissues are expected to lead to the development of
therapy for intractable diseases, including malignant tumors
and lymphadema. Common LEC markers include VEGFR-3,
lymphatic vessel hyaluronan receptor-1 (LY VE-1), Prox-1
and podoplanin (16). Among these, podoplanin is mainly
expressed in LECs, keratinocytes, choroid plexus epithelial
cells, alveolar cells and few tumor cells. To date no research
has reported the assessment of podoplanin in blood capillary.
Furthermore, D2-40 is a sialoglycoprotein separated from
fetal testiculoma or germinoma, which can be used to detect
podoplanin (17). We used all the abovementioned antibodies
to detect lymphatic vessels in the preliminary experiment,
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Figure 2. Kaplan-Meier curves for overall survival for (A) D2-40-positive
peritumoral LMVD, (B) lymph node metastasis and (C) pTNM staging in
patients with lung adenocarcinoma. (A) The difference in overall survival rate
between the high and the low peritumoral LMVD group (P=0.005). (B) The
difference in overall survival rate between the positive and the negative lymph
node metastasis group (P=0.002). (C) The difference in overall survival rate
between the patients in stages I and II and stages III and IV (P=0.000). LNM,
lymph node metastasis; LM VD, lymphatic microvessel density.

and the results demonstrated that no antibody was expressed
in 100% of the LECs (data not shown), and D2-40 was the
most specific antibody for the detection, while VEGFR-3 was
the least. D2-40 can also be detected in tumor cells, stromal
fibroblasts or myofibroblasts (18). In NSCLC, D2-40 immuno-
reactivity in tumor cells can be used to distinguish between
adenocarcinoma and squamous cell carcinoma (19). Therefore,
H&E staining combined with a D2-40-positive signal was
considered helpful in determining lymphangiogenesis in lung
adenocarcinoma.
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The data revealed that D2-40-positive peritumoral LMVD
in lung adenocarcinoma was higher than intratumoral LMVD.
The correlation between LMVD and poor prognosis of tumor
patients has been identified in breast cancer, prostate adenocar-
cinoma, colon cancer, melanoma, NSCLC and oral squamous
cell carcinoma (20-24). However, the correlation between
LMVD status (intratumoral or peritumoral) and tumor prog-
nosis has not yet been fully clarified. Several studies have
demonstrated that functional lymphatics existing in the tumor
parenchyma are sufficient for lymphatic metastasis; therefore,
high intratumoral LM VD is essential for the metastatic spread
and prognosis in squamous cell carcinomas of the head and
neck region (25,26). In renal cell carcinoma, intratumoral
lymphatics were associated with tumor aggressiveness, and
patients with intratumoral lymphatics were found to have
poor prognosis (27). However, additional studies demonstrated
that intratumoral lymphatic vessels may not be completely
functional, as these vessels collapse under high intratumoral
pressure (28). We favor the view that local lymphatic vessels
at the tumor margin are more vital to the spread of tumor
cells. This is achieved through the process of vessel sprouting
under the effect of interstitial fluid hypertension and tumor
or stroma-secreted VEGF-C/D (29,30). In gastric cancer,
increased peritumoral LM VD, but not intratumoral LMVD,
was significantly associated with the VEGF-C/-D/VEGFR-3
system, and could be an independent risk factor for lymph
node metastasis and a prognostic factor (31). In endometrial
carcinoma, peritumoral LMVD was also an independent
prognostic factor for progression-free survival and overall
survival (32). However, the correlation between intratumoral
and peritumoral lymphangiogenesis and the survival of lung
adenocarcinoma patients remains unknown.

In the present study, we found that peritumoral, but not
intratumoral lymphangiogenesis, played a significant role in
the progression and metastasis of lung adenocarcinoma. In a
previous study, high LMVD, induced by VEGF-C or VEGF-D
expression in cancer cells, was found to be a good indicator
of lymphatic metastases and lymphatic vessel invasion in
lung adenocarcinoma (33). In the present study, the data did
not demonstrate a positive correlation between intratumoral
lymphangiogenesis in lung adenocarcinoma and any clini-
copathological parameters; therefore, intratumoral LMVD
was not a prognostic factor. It was presumed that intratu-
moral LMVD may be non-functional and may play only a
minor role in primary tumor dissemination. A recent study
revealed that there was no significant association between
peritumoral LMVD and clinicopathological parameters,
including lymphatic vessel invasion, lymph node metastasis
and survival in lung adenocarcinoma (19). However, in the
present study, a positive correlation was found between peri-
tumoral LMVD and lymphatic metastasis or pTNM staging,
and high peritumoral LMVD reduced the overall survival of
patients. Therefore, peritumoral LMVD, lymphatic metas-
tasis and pTNM stage may be independent risk factors for
prognosis. These results demonstrate that peritumoral, but
not intratumoral LMVD, may predict the prognosis of lung
adenocarcinoma. The contradicting results regarding the role
of peritumoral LMVD in lung adenocarcinoma may be due to
differences in patient selection, sample number, methodology
and immunohistochemical markers.
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In conclusion, D2-40-positive peritumoral LMVD may be
an independent prognostic factor for lung adenocarcinoma.
Detecting this indicator may predict patient prognosis in lung
adenocarcinoma, while it has been suggested that reducing
peritumoral lymphangiogenesis could antagonize the metas-
tasis of lung adenocarcinoma. However, this assumption is
based only on retrospective analysis of a small case series, and
further experimental and clinical support with a larger number
of cases is required.
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