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The intravessel microenvironment has significant effects on cancer
metastasis. The aim of the present study was to determine how
the morphologic and immunophenotypic features of cancer cells
and infiltrating stromal cells within the permeated lymphatic ves-
sels are associated with lymphogenic metastasis. A total of 137 pri-
mary lung adenocarcinoma patients with extratumoral lymphatic
permeations were examined. Morphologically, the floating cancer
nests within the permeated lymphatic vessels were divided into
two types: Type A, consisting of a single large cancer nest; and
Type B, consisting of multiple small cancer nests. We compared the
clinicopathologic characteristics and the immunophenotypes of
the cancer cells and infiltrating stromal cells between the Type A
and Type B nests. Eleven of 54 Type A patients (20%) had intrapul-
monary metastases, compared with 36 of 83 Type B patients (43%;
P = 0.006). Immunohistochemically, Type B cancer cells expressed
significantly higher levels of CD44 than Type A cancer cells (mean
scoresAUTHOR: Scores - what is this score? Is it the number of cells
expressing CD44 or the concentration of CD44 or some other type
of scoring system? 43.0 vs 20.5, respectively) and E-cadherin (60.5
vs 31.5, respectively), but lower levels of Geminin (11.9% vs
20.3%, respectively) and cleaved caspase 3 (2.4% vs 7.8%AUTHOR:
11.9% vs 20.3%, respectively) and cleaved caspase 3 (2.4% vs
7.8%, — what do the percentages here refer to? The number of cells
expressing geminin and caspase 3? The levels of these factors?
Please clarify., respectively). Moreover, a significantly larger num-
ber of CD204-positive macrophages were present within the can-
cer-permeated lymphatic vessels in Type B patients than in Type A
patients (mean number 9.5 vs 4.6, respectively). The present study
reveals that intralymphatic cancer cell and stromal cell phenotypes
are susceptible to lymphogenic metastasis, suggesting that lymph-
ogenic metastasis may be affected by the intralymphatic microen-
vironment they create. (Cancer Sci 2012; 103: 1342-1347)

T he cause of death in most cancer patients is the develop-
ment of metastases from the primary tumor. The meta-
static process includes various complex steps. The process
starts with the separation of cancer cells from the primary
lesion, followed by the permeation of these cells into vessels.
In permeated vessels, the cancer cells survive apoptosis (a pro-
cess known as anoikis), proliferate, and then transmigrate to
the metastatic site. Thereafter, the tumor cells adhere to the
endothelial cells and extravasate to the connective tissues sur-
rounding the vessels. By interacting with the stromal cells
present in that location, they finally invade the target organ
parenchyma, followed by the development of metastatic
lesions. We recently reported that, after extravasation from
lymphatic vessels, cancer cells undergo a dynamic phenotypic
change associated with the epithelial-mesenchymal transition
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(EMT) within the connective tissue of the vessel wall.V The
cellular and molecular mechanisms involved in each process
have been the topic of constant debate and have inspired
extensive research.

One study focusing on the location of lymphatic permeation
in resected non-small cell lung cancers found that extratumoral
lymphatic permeation was an independent prognostic factor.
That study report implied that extratumoral lymghatic vessels
are an important metastatic route. Sakuma et al. D, using lung
adenocarcinoma cell lines, reported that tumor cells floating in
lymphatic vessels resist anoikis by expressing phosphorylated
(p-) Src. Conversely, recent reports have revealed the presence
of circulating stromal cells that associate with cancer cells and
play a role in cancer cell survival, proliferation, and invasion.
Ishii et al.” advocated that the blood in the vicinity of human
lung cancers contains fibroblast progenitor cells that have the
capacity to migrate into the cancer stroma and differentiate into
stromal fibroblasts. Duda er al.‘> also revealed that tumor-asso-
ciated stromal cells shed from the primary tumor together with
accompanying cancer cells survive in the blood circulation, as
well as at secondary sites, and proliferate within the metastatic
nodules. Together, these results suggest that the metastatic pro-
cess may be affected not only by the characteristics of floating
cancer cells, but also by those of circulating stromal cells.

We hypothesized that the intralymphatic microenvironment
created by tumor cells and stromal cells has a considerable influ-
ence on the metastatic process and that the phenotypes of the
tumor cells and infiltrating stromal cells in extratumoral lympha-
tic vessels may be informative for research into the mechanism
of cancer metastasis, including intrapulmonary metastasis. We
noted the high prevalence of intrapulmonary metastasis among
patients with extratumoral lymphatic permeation of lung adeno-
carcinoma. The aim of the present study was to determine how
the morphologic and immunophenotypic features of tumor cells
and infiltrating stromal cells within permeated lymphatic vessels
are associated with intrapulmonary metastasis.

Materials and Methods

Patient selection. Between July 1992 and May 2010, 2016
patients with primary lung adenocarcinoma underwent surgical
resection at the National Cancer Center Hospital East, Chiba,
Japan. After reviewing the medical records, 137 patients with
extratumoral lymphatic permeations were chosen for as sub-
jects for the present study.

Histological studies. Surgical specimens were fixed in 10%
formalin or 100% methyl alcohol. The specimens were sliced
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through the largest diameter of the primary tumor and all sec-
tions were embedded in paraffin. We also identified all periph-
eral subsegmental bronchi and obtained sections containing
subsegmental bronchi even in sections without the primary
tumor. These sections were also embedded in paraffin. The
median number of tissue blocks was 21 pieces for each case.
All serial 4-um sections were stained using H&E, the Alcian
blue—periodic acid-Schiff (AB-PAS) method for the detection
of cytoplasmic mucin production, or the Elastica van Gieson
(EVG) or Victoria—blue van Gieson (VVG) methods for the
detection of elastic fibers. All histological materials included
in this series were reviewed by two pathologists (YM and GI)
to ascertain the presence of extratumoral lymphatic permeation
and intrapulmonary metastasis (PM), as well as to assess the
histopathological features of both the primary and metastatic
tumors. A PM was defined as an independent tumor having the
same histopathological features, including the growth pattern,
cell size, and nuclear atypia, as the primary tumor and was dif-
ferentiated from synchronous multiple primary lung cancer.®
Metastatic nodules that had apparently occurred as a result of
aerogenous spreading were excluded from the present study.
As a result, 47 of 137 patients were found to have PM. The
pathological stage was determined based on the TNM classifi-
cation of the International Union Against Cancer (renamed
Union for International Cancer Control [UICC]).(7) Histological
typing of the primary tumors was performed based on World
Health Organization classification of cell types,®™ and the types
were divided into five subtypes as follows: bronchioloalveolar
carcinoma (BAC) (non-mucinous BAC or mucinous BAC),
acinar, papillary, solid adenocarcinoma with mucin production,
and mixed subtype.® Lymphatic permeation was confirmed in
all 137 patients based on findings for both H&E- and D2-40-
stained sections, with the latter used to evaluate lymphatic
endothelial cells. Extratumoral lymphatic permeation was
defined as tumor cells existing in the lymphatic vessels outside
the primary tumors. Vascular invasion was considered to be
present when tumor cells in the blood vessels were identified
on EVG- or VVG-stained sections. Pleural invasion was also
evaluated based on whether the tumor cells had invaded the
visceral pleura of the lung on EVG- or VVG-stained sections.
Morphological assessment of tumor cell nests within
lymphatics. Microscopic examinations revealed that tumor nests

Fig. 1. Morphologic patterns of cancer cell nests
within lymphatic vessels. (a,b) Hematoxylin—eosin
staining of a “Type A" nest (a) and a “Type B" nest .

(b). In the Type A nest, tumor cells within the i

lymphatic vessels form a single large mass without

il
separation, whereas in the Type B nest the tumor
cells within the lymphatic vessels are arranged in >
multiple small clusters. (c,d) Staining using an anti- ; :.‘:”'.2-3

D2-40 antibody to evaluate Type A (c) and Type B TR
(d) tumor cell nests within lymphatic vessels. W
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within extratumoral lymphatic vessels can be divided into
two morphologic patterns based on the structure of the nest:
(1) “Type A”, defined as tumor cells in the permeated lymphatic
vessels forming a single large mass without separation (Fig. 1a);
and (ii) “Type B”, defined as tumor cells in the permeated lym-
phatic vessels arranged in multiple small clusters (Fig. 1b).
More concretely, we defined Type A as having one large cluster
consisting of 20 or more combined cancer cells within perme-
ated lymphatic vessels. Even if many cancer cells exist in the
lymphatic vessels, small clusters of <20 cancer cells were classi-
fied as Type B. When both morphologic patterns were observed
in the same section, we adopted the dominant one.

Antibodies and immunohistochemical staining. The markers
of cell proliferation and anoikis resistance used in the present
study were Gemini (clone EM6; Novocastra, Newcastle-upon-
Tyne, UK), cleaved caspase 3 (polyclonal; Cell Siﬁgnaling
Technology, Danvers, MA, USA), and p-Src (pTyr*'®, poly-
clonal; Calbiochem, Darmstadt, Germany). The markers of
adhesion-related molecules were CD44 (clone DF1485; Novo-
castra), E-cadherin (clone 36; BD Biosciences, San Jose, CA,
USA), and fibronectin (clone 568; Leica Microsystems, New-
castle, UK). To evaluate growth factors, we used epithelial
growth factor receptor (EGFR; clone H11; Dako Cytomation,
Glostrup, Denmark) and insulin-like growth factor receptor
(IGFR; Chemicon, Temecula, CA, USA). To evaluate T lym-
phocytes, B lymphocytes, and activated macrophages, we used
CD3 (Leica Microsystems), CD79a (Leica Microsystems), and
CD204 (clone SRA-ES; Trans Genic, Hyogo, Japan), respec-
tively. Podoplanin (clone D2-40; Signet, Princeton, NJ, USA)
was used as a lymphatic endothelial marker and carbonic an-
hydrase IX (CA-IX, polyclonal; Novus Biologicals, Littleton,
CO, USA) was used as a marker of hypoxia. Immunostaining
was performed on 4-pm paraffin-embedded tissue sections.
Slides were deparaffinized in xylene and dehydrated in a
graded ethanol series, and endogenous peroxidase was blocked
with 3% hydrogen peroxide in absolute methyl alcohol. After
epitope retrieval, the slides were washed with PBS and incu-
bated overnight with primary antibodies. The reaction products
were stained with diaminobenzidine and counterstained with
hematoxylin.

Immunohistochemical scoring. All stained tissue sections were
scored semiquantitatively and evaluated independently under a
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light microscope by two pathologists (YM and GI) who had no
knowledge of the patients’ clinicopathological data. The labeling
scores for the tumor cells within extratumoral lymphatics were
calculated by multiplying the percentage of positive tumor cells
per each lesion (0-100%) by the staining intensity level
(0 = negative; 1 = weak; 2 = strong). For Geminin and cleaved
caspase 3, the number of positive tumor cells per 100 tumor cells
was counted. For CD3, CD79a and CD 204, the number of posi-
tive infiltrating cells was counted under a microscopic at x 400
(area = 0.0625 mm?). We confirmed that positive control tissues
were stained by each antibody and we also performed negative
control studies without the primary antigen for all antibodies.
When the antibody evaluations differed, the observers discussed
the results, re-examining the slides if necessary, until an agree-
ment was reached.

Statistical analysis. The significance of differences between
two groups was evaluated using the Mann—Whitney U-test or
Fisher’s exact test. All P-values reported are two sided, and
the significance level was set at <0.05. Analyses were per-
formed using Dr. SPSS II for Windows, standard version 11.0
(SPSS, Chicago, IL, USA).

Results

Clinicopathologic findings of patients with extratumoral
lymphatic permeation. The clinicopathologic characteristics of
137 patients who had adenocarcinoma with extratumoral lym-
phatic permeation (Ly®*'(+)) and the other 1879 patients are
given in Table 1. Men, ex or current smokers, patients with
high serum carcinoembryonic antigen (CEA) levels, those with

pathological T2-3, and pleural invasion were significantly
ext

sels were divided morphologically into two groups, Type A
and Type B. Fifty-four patients were found to have “Type A”
tumor nests (i.e. tumor cells formed a large solid nest within
the permeated lymphatic vessels; Fig. la,c). Eighty-three
patients were found to have “Type B” tumor nests (i.e. tumor
cells were arranged in multiple small clusters within the per-
meated lymphatic vessels; Fig. 1b,d). When both morphologic
patterns were observed in the same section, we adopted the
dominant one. Figure S1, available as Supplementary Material
to this paper, shows the distribution of cases with extratumoral
lymphatic permeation according to the rate of Type A and
Type B tumor nests. There were 36 patients with 100% Type
A tumor nests, 25 with 100% Type B tumor nests, and 76
patients with mixed Type A and Type B tumor nests. Patients
with 50% of both type (n = 7) were classified as having Type
B tumor nests. Table 2 gives the clinicopathologic characteris-
tics of patients with Type A and Type B tumor nests. In the
group in which Type B tumor nests were dominant, signifi-
cantly more patients had a papillary predominant pattern and
PM, whereas fewer patients had a solid predominant pattern,
compared with the Type A group.

Clinicopathologic factors related to PM. The clinicopathologic
characteristics of cases with or without PM are summarized in
Table 3. No significant differences in gender, age, smoking
history, CEA, primary tumor size, pathological N status, or
pleural invasion were observed between the two groups, but

Table 2. Clinicopathological characteristics of Type A- and Type B-
dominant patients

more likely to be Ly“"'(+). Furthermore, significantly more Type A Type B
cases with lymph node metastasis (pN1-2) and PM were found dominant dominant P-value
among the Ly**(+) patients. (n = 54) (n = 83)
Morphological patterns of tumor nests within extratumoral
lymphatic vessels. The tumor nests within the lymphatic ves- ~ S&"der
Men (n) 40 52 0.20
Women (n) 14 31
Age range (years) 42-84 42-82 0.58
Table 1. Clinicopathological characteristics of all patients Median age (years) 65 64
Ly*(+) Ly®(—) Prvalue Smoking habit
(n = 137) (n = 1879) Never smoked (n) 14 31 0.20
Ex or current smoker (n) 40 52
Gender Carcinoembryonic antigen (ng/mL)
Men (n) 92 961 <0.001 <5 (n) 30 4 0.49
Women (n) 45 918 >5 (n) 24 42
Age range (years) 41-84 20-92 Tumor size (cm) 1-16 1.2-12 0.29
Median age (years) 66 65 Median size (cm) 3.2 2.8
Smoking habit Predominant subtype
Never smoked (n) 45 842 0.009 Lepidic growth pattern (n) 2 3 0.65
Ex or current smoker (n) 92 1018 Acinar (n) 12 17 0.48
Carcinoembryonic antigen (ng/mL) Papillary (n) 9 48 <0.01
<5 (n) 71 1231 0.0017 Micropapillary (n) 0 0 -
>5 (n) 66 640 Solid (n) 31 15 <0.01
Median tumor size (cm) 3.0 2.5 0.006 Pathological T status
T status pT1 (n) 14 18 0.35
pT1 (n) 32 981 pT2 (n) 27 30
pT2-4 (n) 105 898 <0.001 pT3-4 (n) 13 35
N status Pathological N status
pNO (n) 21 1382 <0.001 pNO (n) 12 14 0.51
pN1-2 (n) 110 423 pN1-2 (n) 42 69
Pleural invasion Pleural invasion
No (n) 53 1341 <0.001 No (n) 20 33 0.86
Yes (n) 85 538 Yes (n) 34 50
Intrapulmonary metastasis Intrapulmonary metastasis
No (n) 90 1763 <0.001 No (n) 43 47 <0.01
Yes (n) 47 116 Yes (n) 11 36
Ly®*, extratumoral lymphatic permeation. Ly®*, extratumoral lymphatic permeation.
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the group with PM contained significantly more cases with a
Type B morphologic pattern than a Type A pattern. These
results suggest that the morphologic characteristics of the
tumor cell nests within the extratumoral lymphatics are closely
related to PM.

Immunophenotypic characteristics of tumor cells forming
cancer cell nests within extratumoral lymphatics. Based on the
morphological analysis, we postulated that tumor cells forming
“Type B” clusters may exhibit a metastatic preference for the
lung parenchyma via a lymphatic route. To examine the bio-
logical characteristics of these tumor cells, we compared the
immunophenotypes of the tumor cells forming “Type A” and
“Type B” clusters (Fig. 2). Twenty cases from each of the
“Type A” and “Type B” groups were selected. Although their

Table 3. Clinicopathological characteristics of patients exhibiting
extratumoral lymphatic permeation, with or without intrapulmonary
metastasis

Ly®**(+) and Ly®**(+) and

PM(-) (n = 90) PM(+) (n = a7) ' value
Gender
Men (n) 62 30 0.57
Women (n) 28 17
Age range (years) 41-82 44-84 0.06
Median age (years) 65 67
Smoking habit
Never smoked (n) 27 18 0.34
Ex or current smoker (n) 63 29
Carcinoembryonic antigen (ng/mL)
<5 (n) 49 22 0.47
>5 (n) 41 25
Tumor size (cm) 1.0-16 1.3-12
Median size (cm) 2.9 3.5 0.15
N status
pNO (n) 18 8 0.82
pN1-2 (n) 72 39
Pleural invasion
No (n) 37 16 0.46
Yes (n) 53 31
Vascular invasion
No (n) 24 8 0.29
Yes (n) 66 39
Morphologic pattern of intralymphatic tumor cells
Type A (n) 43 11 0.006
Type B (n) 47 36
Ly®, extratumoral lymphatic permeation; PM, intrapulmonary metas-

clinicopathological characteristics are not shown, the only sig-
nificant difference between the two groups was in the number
of PM. The staining scores are summarized in Table 4.

Cell proliferation and anoikis resistance markers. The mean
(+SE) positive ratio for Geminin in the Type A and Type B
groups was 20.3 £ 2.6% and 11.9 = 2.5%, respectively. Mean
(+SE) staining scores in the Type A and Type B groups were
7.8 £3.3% and 2.4 + 0.5%, respectively, for cleaved caspase
3 and 33.5 £9.9 and 22.5 + 6.2, respectively, for p-Src. The
expression of Geminin and cleaved caspase 3 was significantly
lower in the Type B group than in the Type A group
(P = 0.008 and P = 0.01, respectively), but there was no sig-
nificant difference in p-Src expression between the two groups
(P =0.78).

Adhesion-related molecules. The mean (£SE) staining scores
in the Type A and Type B groups were 20.5 + 9.6 and 43.0 £
10.4, respectively, for CD44; 31.5+ 6.9 and 60.5 + 9.3,
respectively, for E-cadherin; and 18.5 £ 6.5 and 9.5 £ 3.6,
respectively, for fibronectin. The expression of CD44 and
E-cadherin was significantly higher in the Type B than Type A
group (P = 0.04 and P = 0.02, respectively), but there was no
significant difference in fibronectin levels between the two
groups (P = 0.50).

Growth factor receptors. The mean (+SE) staining scores in
the Type A and Type B groups were 9.0 + 5.4 and 25.5 + 9.0,
respectively, for EGFR; 72.5 = 11.5 and 92.0 + 13.3, respec-
tively, for IGFR; and 49.8 + 5.4 and 47.3 + 10.3, respectively,
for c-Met. The expression of EGFR was significantly higher in
the Type B than Type A group, but there were no significant
differences in the expression of IGFR or c-Met between the
two groups (P = 0.29 and P = 0.86, respectively).

Stromal cells around the cancer nest. The mean (+=SE) number
of cells in the Type A and Type B groups was 4.6 = 1.4 and
9.5 + 1.0, respectively, for infiltrating CD204-positive macro-
phages; 3.8 + 3.4 and 8.7 + 7.5, respectively, for CD3-positive
T lymphocytes; and 1.3 = 1.7 and 0.2 + 0.2, respectively, for
CD79a-positive B lymphocytes. No significant differences
were observed between the two groups in the expression of
CD3 and CD79a (P = 0.14 and P = 0.72, respectively), but
the expression of CD204 was significantly higher in the Type
B group than in the Type A group (P = 0.007).

Others. The mean (£SE) staining score for CA-IX, a marker
of hypoxia, in the Type A and Type B groups was 17.0 + 4.0
and 16.5 + 4.7, respectively. There was no significant differ-
ence in CA-IX expression between the two groups.

Immunophenotypic characteristics of tumor cells among the
primary tumors. In the same 40 cases described above, we also
evaluated the immunophenotypes of the tumor cells among the
primary tumors. (Note, the staining scores are not shown.) In

tasis. this examination, only the expression of cleaved caspase 3
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Fig. 2. Immunohistochemical staining of (a,c,e,q,i,k) Type A and (b,d,f,h,j,I) Type B tumor cell nests within permeated lymphatic vessels. (a,b)

Geminin, (c,d) cleaved caspase-3, (e,f) CD44, (g,h) E-cadherin, (i,j) epidermal growth factor receptor, and (k,1) CD204.
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Table 4. Immunohistochemical staining scores of tumors in
lymphatic vessels
Type A Type B
Antibodies and their purpose dominant dominant P-value
(n = 20) (n = 20)
Proliferation and anoikis resistance
Geminin 20.3 + 2.6 119+ 25 0.008
Cleaved caspase 3 7.8 +3.3 24+ 05 0.01
p-Src 33.5+99 225 +6.2 0.78
Adhesion-related molecules
CD44 20.5 = 9.6 43.0 = 10.4 0.04
E-Cadherin 31.5+6.9 60.5 + 9.3 0.02
Fibronectin 185+ 6.5 9.5+ 3.6 0.50
Laminin-5y3 215+ 6.7 29.7 + 9.0 0.47
Growth factor receptors
EGFR 9.0+54 255+ 9.0 0.04
IGFR 725 +11.5 92 + 13.3 0.29
c-Met 498 + 9.4 47.3 + 10.3 0.86
Stromal cells
CD3 3.8+34 87=x75 0.14
CD79a 1.3+ 1.7 0.2 +0.2 0.72
CD204 46 + 1.4 9.5+ 20 0.007
Others
CA-IX 17.0 £ 4.0 16.5 + 4.7 0.78

Data are the mean = SD. Bolded typeface indicates significant differ-
ences. EGFR, epidermal growth factor receptor; IGFR, insulin-like
growth factor receptor; CA-IX, carbonic anhydrase IX.

differed significantly between the two groups, being lower in
the Type B than Type A group.

Discussion

During the early phase of metastatic tumor development,
floating cancer cells proliferate within the vessel lumen,
adhere to the endothelium, extravasate from the vessel lumen,
migrate into the connective tissue surrounding the vessels,
and invade the target organ parenchyma. During each of
these processes, cancer cells, accompanied by the surrounding
stromal cells, organize their peculiar microenvironment. The
present study is the first to show that pulmonary metastasis is
correlated with the morphologic and immunophenotypic
characteristics of intralymphatic cancer cells and infiltrating
stromal cells.

E-Cadherin is now regarded as a key marker for EMT. In
the field of carcinogenesis, EMT has been recognized as a phe-
nomenon during which tumor cells in primary lesions invade
the surrounding stroma, repressing the transcription of the
adherens junction protein E-cadherin.®'" Recently, many
studies have postulated that the loss or repression of E-cadher-
in is strongly linked with cancer invasiveness, metastasis, and
patient prognosis.®'? In contrast with these reports on the
repression of E-cadherin and tumor invasiveness, the expres-
sion E-cadherin in the present study was elevated in the Type
B group, even though this group exhibited more PM than the
Type A group. Wells e al.™ discussed the role of E-cadherin
in the cancer-associated mesenchymal-epithelial reverting tran-
sition (MErT) at distant metastatic sites and speculated that
micrometastases may undergo a transition to become E-cadher-
in positive, just as the critical EMT event is the downregula-
tion or silencing of E-cadherin. Others""*"'* have also reported
that the expression of E-cadherin at the metastatic site is
higher than that at the primary site, consistent with the results
of the present study.

Epithelial growth factor receptor is a receptor tyrosine kinase
that plays essential roles under both normal physiological and
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cancerous conditions. Ligand binding to the EGFR leads to
epithelial cell migration away from cohesive masses secondary
to E-cadherin downregulation."” Some studies'>'® have
reported that inhibition of the autocrine EGFR loop results in E
cadherin re-expression and cell—cell cohesion. These reports are
in contrast with our results, in which the expression of EGFR
was higher in the Type B group than in the Type A group,
although the expression of E-cadherin was also higher in the
Type B group. These findings suggest that these morphologic
and immunophenotypic differences in the tumor cells within
lymphatic vessels are not associated with EMT.

CD44 is an integral membrane glycoprotein that functions as a
receptor for the extracellular matrix glycan hyaluronan. The
expression of CD44 in the Type B group was higher than that in
the Type A group, similar to the results for E-cadherin. These
findings indicate that an adhesive ability may be deeply
associated with the intrapulmonary metastatic process. Some
studies'""2? have also reported that the expression of CD44 is
associated with cancer metastasis. Tomlinson et al.*" examined
cell lines and human cancers and reported that, as a result of
homophilic and homodimeric interactions among E-cadherin,
the E-cadherin/o,B-catenin axis-associated adhesive network
mediates tumor cell-tumor cell aggregates that are characteristic
of the lymphovascular emboli observed during lymphovascular
invasion.

The lower expression of Geminin and cleaved caspase 3 in
the Type B group indicates that lower proliferative and apopto-
tic activities are present in this group. In a review, Wells
et al."V reported that metastatic seed cancer cells may inertly
become part of the ectopic tissue and therefore surmount the
metastatic inefficiencies to which most disseminated cancer
cells succumb. Many other studies have also suggested that
tumor cells with metastatic potential have a repressed grolifer-
ative activity and the ability to resist apoptosis,>'*?? also
known as anoikis.

The tyrosine kinase Src is one of the key molecules that
play a critical role in the development of resistance to apopto-
sis, known as anoikis.**?* However, in present study no sig-
nificant differences in the expression of p-Src were observed
between the Type A and Type B groups. This result does not
coincide with the results for cleaved caspase 3, which indi-
cated a lower level of apoptosis in the Type B group. The
environment within the lymphatic vessels was inappropriate
for tumor cells, so the anoikis resistance process via p-Src
may be fully activated in both the Type A and Type B groups.
Thus, another mechanism underlying apoptotic resistance
within lymphatic vessels may exist.

Regarding stromal cells around cancer nests, Ohtaki ez al.*>
recently suggested that CD204-positive macrophages clearly
reflect the tumor-promoting phenotype of tumor-associated
macrophages in lung adenocarcinoma. In the present study, the
number of infiltrating CD204-positive macrophages around and
within the cancer nests was significantly higher in the Type B
group than in the Type A group. This implies that not only
tumor cells, but also stromal cells (such as CD204-positive
macrophages) may contribute to changing the intralymphatic
microenvironment. Zhang et al.®® also advocated that the
intravascular microenvironment is a critical staging area for
the development of metastases that subsequently invade the
parenchyma.

We hypothesized that there may be hypoxic area in the center
of the Type A cluster, so we performed CA-IX immunostain-
ing, However, there were no significant differences in CA-IX
staining scores between the Type A and Type B groups.

Conversely, in the primary tumors, no significant differences
were observed in immunohistochemical staining scores
between Type A and Type B groups, except for that of cleaved
caspase 3. These differences in staining scores between the
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intralymphatic cancer nests and primary tumors may be
explained by the possibility that primary tumors are composed
of a strongly heterogeneous cell population phenotypically and
functionally. Conversely, intralymphatic tumors may be com-
prised of a relatively less heterogeneous cell population. Alter-
natively, cancer cells that have already permeated into
lymphatic vessels perceive signals from circulating stromal
cells, which lead to phenotypic changes to the cancer cells.
However, we could not find any apparent differences in lym-
phatic vessel morphology and characteristics between Type A
and Type B groups in the present study.

In conclusion, the present study clearly shows an association
between the morphological and immunophenotypic features of
tumor cells and stromal cells within lymphatics and pulmonary
metastasis. From this finding, metastasis is predicted to pro-
ceed through dynamic changes in the intralymphatic microen-
vironment, demonstrating that the lymphatic vessels are far
from merely a conduit connecting the primary site with the
metastatic site. A more mechanistically oriented experimental
approach is required to elucidate the key regulator(s) of the
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intralymphatic microenvironment, possibly leading to useful
therapeutic options in the years to come.
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