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Identification of Lymphatics within the Colonic
Lamina Propria in Inflammation and Neoplasia
Using the Monoclonal Antibody D2-40
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CONTEXT: Lymphatic vessels are believed to be absent in the colon above the level of
the mucularis mucosae. However, in our experience, lymphatic vessels are sometimes
identifiable within the lamina propria in the setting of inflammation and neoplasia.

OBJECTIVE: We sought to assess the presence of lymphatics within the colonic lamina
propria in neoplastic and inflammatory conditions using the lymphatic endothelium-spe-
cific immunohistochemical marker D2-40.

DESIGN: Representative sections of normal colon, inflamed colon, hyperplastic polyps,
inflammatory polyps, adenomatous polyps, adenomatous polyps containing intramucosal
carcinoma, and invasive colonic adenocarcinomas were subjected to immunohistochemi-
cal staining with D2-40. The presence of immunopositive lymphatic vessels was as-
sessed. Lymphatic density within the lamina propria was calculated quantitatively, and the
presence of inflammation was graded subjectively on a four-tiered scale (0-3).

RESULTS: Lymphatics were not identified within the lamina propria of normal colon. How-
ever, lymphatics were identified within the lamina propria in the majority of cases with
neoplasia and/or inflammation. Additionally, there was a non-significant trend toward
higher lymphatic vessel density in cases with increasing inflammation.

CONCLUSIONS: Lymphatic vessels are present within the lamina propria of colon in
pathologic states, including cases of intramucosal carcinoma. This “aberrant” lymphangio-
genesis is likely to be driven by inflammation and/or neoplasia.

INTRODUCTION

It has long been established that lymph
node metastasis is an important prognostic
factor in colorectal carcinoma, and this has

lent relevance to the characterization of the
lymphatic supply of the colon [1-4]. Al-
though lymphatic spaces are generally
abundant within the colonic mucosa, con-
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sensus states that lymphatic vessels are ab-
sent above the level of the muscularis mu-
cosae. Most early attempts at assessment of
lymphatics within the large bowel utilized
standard hematoxylin and eosin (H&E)
stained histologic sections and electron mi-
croscopy [5-7]. However, identification of
lymphatics by conventional light mi-
croscopy and electron microscopy is not
only quite challenging but also unreliable.
Subsequent studies have utilized enzyme
histochemical assays specific for 5’-nu-
cleotide alkaline phosphatase in order to
highlight lymphatics in colonic tissue [8-9].
Most studies using these methods have con-
firmed the hypothesis that lymphatics are
absent in the lamina propria of colonic mu-
cosa. Most recently, the lymphatic-specific
monoclonal antibody D2-40 has been devel-
oped for immunohistochemical staining of
lymphatic channels and has been used to
study both lymphatic invasion and lym-
phatic vessel density in colon carcinoma
[10-13]. In the only study of its kind thus far,
Fogt et al. utilized D2-40 to identify lym-
phatics in normal colonic mucosa, adeno-
mas, and invasive carcinomas. This group
found that, while absent in normal colon,
lymphatics were present within the lamina
propria of in situ components of otherwise
invasive carcinomas, as well as associated
with early invasive epithelial nests in carci-

noma [14]. While the latter finding is well
established, the former finding suggests that
lymphatic vessels may be present in colonic
lamina propria in abnormal states other than
frankly invasive carcinoma. However, this
study showed no evidence of lymphatics
within the lamina propria in adenomatous
colonic tissue.

In the current American Joint Commis-
sion on Cancer (AJCC†) staging system for
colon carcinoma, both in situ and intramu-
cosal (invasion into lamina propria) carcino-
mas are classified as tumor stage 0, while
deeper invasion results in tumor stages of
T1-T4. This is somewhat unique, as both in
situ and invasive carcinomatous processes
are considered equivalent for tumor staging
purposes. The AJCC staging scheme is
based in part on the very low clinical inci-
dence of lymph node metastases seen in in
situ and intramucosal carcinoma and on the
fact that distinguishing in situ and intramu-
cosal carcinoma can be difficult [15-16].
However, the system also is based on the
historical concept that lymphatic vessels are
absent from the colonic lamina propria. This
may hold true for normal colon, but is
clearly not the case for invasive carcinoma,
and it may not be true for in situ and/or in-
tramucosal carcinoma, either. In our experi-
ence, lymphatics are sometimes identifiable
within the lamina propria of colon polyps
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and in cases of inflammatory bowel disease.
Additionally, and most concerning, we have
seen lymphatic tumor emboli in cases of in-
tramucosal carcinoma. The purpose of this
study is to assess for the presence of lym-
phatic vessels (LV) within the lamina pro-
pria of colon in a representative variety of
neoplastic and inflamed states using the im-
munohistochemical marker D2-40.

MATERIALS AND METHODS

Case selection
The database of the Department of

Pathology at our institution was searched for
cases of idiopathic inflammatory bowel dis-
ease (IBD, represented by both Crohn’s dis-
ease and ulcerative colitis), hyperplastic
polyps, inflammatory polyps, adenomatous
polyps, adenomatous polyps containing in-
tramucosal carcinoma, and invasive colonic
adenocarcinomas from 1995 to 2007.
Biopsy specimens were rejected, and only
resection and polypectomy specimens were
utilized in order to maximize the stainable
area of lamina propria in each case. Al-
though this approach reduced the sample
size of the study, it was deemed important in
order to carefully assess the lamina propria
both qualitatively and quantitatively for
lymphatics. Future work likely would in-
clude biopsy specimens. Representative sec-
tions of normal colon were obtained from
areas distant from the tumor in cases of
colon carcinoma. All histologic material was
reviewed by two pathologists (BK, DJ) to
confirm the histologic diagnosis in each
case. After careful review, cases were se-
lected as follows: normal colonic tissue (n =
4), inflamed colonic tissue associated with
inflammatory bowel disease (n = 4), hyper-
plastic polyps (n = 6), adenomatous polyps
(n = 12), inflammatory polyps (n = 5), ade-
nomatous polyps containing intramucosal
carcinoma (n = 6), and invasive colonic ade-
nocarcinomas (n = 5).

Immunohistochemical staining

In each case, appropriate 4-µm–thick
sections from formalin-fixed paraffin-em-

bedded tissue were immunostained for D2-
40 (dilution 1:200, Dako, Carpinteria, Cali-
fornia) and CD34 (dilution 1:4, BioGenex,
San Ramon, California) using the indirect
immunoperoxidase method without antigen
retrieval. Immunostaining was accom-
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Figure 2. Normal Colon: A. Histologic sec-
tion showing normal colonic mucosa (H&E
10X). B. Histologic section showing normal
colonic mucosa immunolabelled for CD34.
Blood vessels are present at all levels of
the mucosa (CD34 10X). C. Histologic sec-
tion showing normal colonic mucosa im-
munolabelled for D2-40. Lymphatic vessels
are limited to the submucosa and immedi-
ately adjacent to the muscularis mucosae
(D2-40 10X).



Table 1. Results of immunohistochemical staining for D2-40 and CD34, as well as
mean lymphatic density by tissue type. A statistically significant difference between
LVD among different tissue types was identified (p < 0.005).

plished on a Ventana Autostainer (Ventana,
Tucson, Arizona) using Envision+ Detection
(Dako, Carpinteria, California). Negative
controls were established with nonspecific
immunoglobulin-G as the primary antibody.
CD34 staining was included to qualitatively
assess the differential presence of vascular
and lymphatic channels within the mucosa
and identify possible neovascularization in
the presence of inflammation and neoplasia.

Interpretation of immunostaining

Lymphatic vessels were identified by
strong D2-40 staining and the formation of
slit-like or rounded luminal spaces. After
low-power scanning to identify areas of
greatest qualitative density, a formal lym-
phatic vessel count was performed within
three high-power (40X) fields in each case.
Similar to previous studies, the lymphatic

vessel density (LVD) is reported as the mean
value of those three counts [13,17]. Only
lymphatic vessels with convincing morphol-
ogy and positive staining for D2-40, as
agreed by two investigators (BK, DJ) were
counted. D2-40-positive lymphatics in and
around lymphoid follicles or near muscle
fibers were not included. If immunopositive
lymphatics were not readily identified on
initial examination, a scrupulous search of
the entire lamina propria was made to thor-
oughly rule out their presence before assign-
ment to the negative category. In cases of
discrepancy, the slides were reviewed at a
two-headed microscope. Each identifiable
D2-40-positive vessel was identified and
discussed relative to the inclusion criteria
stated above, and formal counts were re-
peated until consensus was achieved. Vascu-
lar spaces were identified based on strong
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Tissue

Normal colon

Inflamed colon

Hyperplastic
polyps

Inflammatory
polyps

Adenomatous
polyps

Adenomatous
polyps containing
intramucosal
carcinoma

Invasive
adenocarcinoma

Total

D2-40
positivity

0/4

3/4

4/6

4/5

9/12

4/6

5/5*

29/42

%positive
D2-40

0%

75%

66%

80%

75%

67%

100%*

69%

Mean
lymphatic
density**

0

2.3

2

3.4

2.2

1.5

4.8

2.3

CD34
positivity

4/4

4/4

6/6

5/5

12/12

6/6

5/5

42/42

%positive
CD34

100%

100%

100%

100%

100%

100%

100%

100%

*positivity within and around tumor islands
**there was discrepancy in LVD calculation in one case of invasive adenocarcinoma which
was resolved by consensus



CD34 staining and the formation of clearly
defined luminal spaces.

Interpretation of inflammation

In each case, the degree of mucosal in-
flammation was graded using a four-tiered
system. The overall density of inflammation
was assessed irrespective of inflammatory
cell type. Grade 0 was defined as scattered
inflammatory cells consistent with those
seen in normal colon. Grade 2 was defined
as mildly increased inflammatory cells just
above baseline for normal colon. Grade 3
was defined as a significant increase in in-
flammatory cells within the lamina propria,
well above baseline for normal colon. Grade
4 was defined as a florid inflammatory infil-
trate with ulceration and/or significant archi-
tectural disorganization (Figure 1). The
assigned levels for each case were agreed
upon by two investigators (BK, DJ), who
were blinded to the immunostaining charac-

teristics of each case. In cases of discrep-
ancy, the slides were reviewed at a two-
headed microscope. Both reviewers
explained their grade assignment relative to
the inclusion criteria stated above, and after
discussion of possible reasons for discor-
dance, consensus was achieved.

Statistical analysis

Overall statistical significance of LVD
variation between tissue types was calcu-
lated by one-way analysis of variance
(ANOVA) methods using Microsoft Excel
software (Microsoft Corporation, Redmond,
Washington). Once overall statistical signif-
icance was demonstrated by ANOVA calcu-
lations, multiple comparison statistics were
applied via pair-wise applications of the
least significant difference (LSD) calcula-
tion using Analyse-it software (Analyse-it,
Leeds, UK). Similarly, overall statistical sig-
nificance of LVD vs. inflammatory grade
was calculated by one-way ANOVA using
Microsoft Excel software.

RESULTS
Using the lymphatic marker D2-40, lym-

phatic vessels were not identified in the lam-
ina propria of normal colon, consistent with
previous reports. The lymphatic vessels in
normal mucosa were localized to the submu-
cosa and in the immediate vicinity of the
muscularis mucosae (Figure 2). However,
lymphatics were present within the lamina
propria in a significant percentage of all
pathologic cases studied (Table 1). Seventy-
five percent of cases of IBD showed positive
staining (Figure 3). Among benign polyps, 80
percent of inflammatory polyps and 66 per-
cent of hyperplastic polyps showed positivity
(Figure 4). Among neoplastic polyps, 75 per-
cent of adenomas and 67 percent of polyps
with intramucosal carcinoma revealed D2-
40-positive lymphatic channels within the
lamina propria (Figure 4). Invasive carcino-
mas showed frequent lymphatics within the
tumor stroma, particularly within fibrous stro-
mal bands running between tumor islands
(Figure 5). However, in immediately adjacent
non-neoplastic colon, there were no identifi-
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Figure 3. Inflammatory Bowel Disease: A.
Histologic section of colon with inflammatory
bowel disease (H&E 10X). B. Immunostain
showing D2-40-positive lymphatic vessels
within the lamina propria (D2-40 10X).



able lymphatics within the lamina propria.
The highest mean lamina propria LVD of 3.4
was seen in inflammatory polyps (Table 1).
Inflamed colon (IBD) had the next highest
mean LVD at 2.3, followed closely by adeno-
mas at 2.2. Interestingly, polyps with intra-
mucosal carcinoma had a relatively low LVD
of 1.5. One-way ANOVA statistics showed an
overall statistically significant difference in
LVD between groups, i.e., by tissue type (p <
0.005). Pair-wise comparison of LVD by tis-
sue type revealed a statistically significant
difference in LVD between adenoma vs. nor-
mal colon, adenoma vs. adenocarcinoma, in-
tramucosal carcinoma vs. carcinoma,
inflamed polyps vs. normal colon, inflamed
colon vs. adenocarcinoma, normal colon vs.
adenocarcinoma, and adenocarcinoma vs. hy-
perplastic polyps at the 95 percent confidence
interval (Table 2).

When all types of specimens were com-
bined, a vague trend toward increased LVD
with increasing degree of inflammation was

seen (Table 3). Cases with grade 0 inflam-
mation had an average LVD of 0.6, while
those with grade 1 inflammation increased
to 2.1. This general trend continued, but ta-
pered, in the more severely inflamed cases,
with grade 2 and 3 specimens showing aver-
age LVDs of 3.3 and 3 respectively. Applica-
tion of ANOVA statistics showed an overall
statistically significant difference in inflam-
matory grade between groups, i.e., by tissue
type (p < 0.0001). However, calculations
failed to demonstrate a statistically signifi-
cant difference in LVD based on inflamma-
tory grade (p = 0.07).

Immunohistochemical staining for
CD34 revealed the presence of blood vessels
within the lamina propria in both normal and
all study cases. This finding confirms the pre-
sumed presence of vascular channels within
all levels of the mucosa that must be distin-
guished from lymphatic spaces. The subjec-
tive density of lamina propria blood vessels
was relatively uniform across sample types.
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Figure 4. Colonic
Polyps: A. Histo-
logic section of in-
flammatory polyp
(H&E 10X). B. Im-
munostain show-
ing D2-40-positive
lymphatic vessels
within the lamina
propria (D2-40
10X). C. Histo-
logic section of
adenomatous
polyp (H&E 20X).
D. Immunostain
showing D2-40-
positive lymphatic
vessels within the
lamina propria
(D2-40 20X). E.
Histologic section
of hyperplastic
polyp (H&E 10X).
F. Immunostain
showing D2-40-
positive lymphatic
vessels within the
lamina propria
(D2-40 10X).



Table 2. Results of pair-wise LSD multiple comparison statistic.

DISCUSSION

It has been well established that lymph
node metastasis is an important prognostic
factor in colorectal carcinoma, and for this
reason, the study of colonic lymphangiogen-
esis is pertinent [1-4]. However, the events
initiating and regulating lymphatic vascular
invasion and subsequent metastasis are not
well understood. At a basic level, lymphatic
invasion is a starting requirement for lymph
node metastasis, and tumor cells with
greater exposure to lymphatic vasculature

have been shown in certain tumors to have
higher rates of lymphatic metastasis [17-18].
Perhaps not surprisingly, it has been shown
that increased lymphatic vessel density is as-
sociated with poor outcome in a number of
tumors, including squamous cell carcinoma
of the head and neck, thyroid carcinoma,
breast carcinoma, and melanoma [19-23].
Recent work has shown a similar association
of high lymphatic microvessel density with
increased rates of lymph node metastasis
and poor outcome in colorectal carcinoma
[9,12,24]. Additional work on cases of su-
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Tissue

Adenoma vs. IMC

Adenoma vs. IP

Adenoma vs. IC

Adenoma vs. NC

Adenoma vs. HP

IMC vs. IP

IMC vs. IC

IMC vs. NC

IMC vs. CA

IMC vs. HP

IP vs. IC

IP vs. NC

IP vs. CA

IP vs. HP

IC vs. NC

IC vs. CA

IC vs. HP

NC vs. CA

NC vs. HP

CA vs. HP

95% CI

-1.0 to 2.3

-3.0 to 1.6

-2.0 to 1.9

0.2 to 4.1

-1.5 to 1.8

-3.9 to 0.1

-2.9 to 1.4

-0.7 to 3.7

-5.3 to -1.3

-2.4 to 1.4

-1.1 to 3.4

1.1 to 5.7

-3.5 to 0.7

-0.6 to 3.4

-0.1 to 4.6

-4.8 to -0.3

-1.9 to 2.4

-4.2 to 0.2

-4.2 to 0.2

0.8 to 4.8

Significant

No

No

No

Yes

No

No

No

No

Yes

No

No

Yes

No

No

No

Yes

No

Yes

No

Yes

CI- confidence interval, IMC-intramucosal carcinoma, IP-inflamed polyp, IC-inflamed colon, NC-nor-
mal colon, HP-hyperplastic polyp, CA-adenocarcinoma



perficially invasive colorectal carcinoma
limited to the submucosa has shown a simi-
lar trend toward greater incidence of lymph
node metastasis in cases with high lym-
phatic vessel density [13].

Based on conventional light and electron
microscopy, it has been shown that lymphatic
vessels are absent within the colonic lamina
propria. However, we have shown there are
circumstances wherein induction of lymphan-
giogenesis occurs, including neoplasia and
inflammation. In this study, normal colon
showed no evidence of lymphatic channels
within the lamina propria by immunohisto-
chemical staining for D2-40, in keeping with
what has been proposed by other authors.
However, the majority of cases with patho-
logic findings, whether neoplastic or inflam-
matory, did show the presence of lymphatics
above the level of the muscularis mucosae.

Inflammation has been shown to be as-
sociated with the presence of lymphatics in
the colonic mucosa under specific circum-
stances. In a small series, Kaiserling et al.
utilized D2-40 staining to show that lym-
phatic vessels can be present in the colonic
mucosa in cases of long-standing ulcerative
colitis where there is widening of the muscu-
laris mucosae, penetration of the mucosa by
muscle fibers, filiform changes in the mu-
cosa, or hyperplasia of mucosa-associated
lymphoid tissue [25]. More recently,
Kaneko et al. revealed that lymphatic vessel
density was proportional to the degree of as-
sociated inflammation in cases of invasive

colonic adenocarcinoma penetrating into
submucosa [13]. It is likely that inflamma-
tory mediators induce lymphangiogenesis in
these settings. Our results suggest that in-
creasing inflammation may be associated
with higher LVD in colonic lamina propria.
Overall, mean LVD was highest in cases
with an inflammatory component (inflamed
colon in cases of IBD and inflammatory
polyps). In particular, when all specimens
were combined, the mean LVD increased
with inflammatory grade. When broken
down by each category, hyperplastic polyps
and adenomas with intramucosal carcinoma
showed a vague trend toward increased
mean LVD with increased inflammation.
However, the number of cases in each cate-
gory was too small to draw any strong con-
clusions. When all categories were
combined, this trend was more robust. Un-
fortunately, statistical significance was not
achieved in comparisons of LVD with in-
flammatory grade, likely due to small sam-
ple size. While this preliminary study shows
the presence of lymphatics in lamina propria
and suggests a relationship between inflam-
mation and LVD, further studies are needed
to see if this correlation is statistically sig-
nificant.

Taken together, these findings suggest
that inflammatory mediators may indeed
play a significant role in the regulation of
lymphatic proliferation in the colonic lamina
propria. Several interesting questions are
raised. The first is whether newly formed
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Figure 5. Invasive Carci-
noma: Histologic section
showing D2-40-positive
lymphatic vessels in a

case of invasive colonic
carcinoma (D2-40 10X).



lymphatics in the lamina propria regress
once an inflammatory stimulus is removed.
Further investigation using serial biopsy
specimens eventually may answer this. An-
other question involves the sequence of lym-
phangiogenesis. In our specimens,
lymphatics were unambiguously seen at all
levels of the lamina propria. However, there
was a subjective zonal preference for lym-
phatics to be more prevalent near the muscu-
laris mucosae rather than in the superficial
lamina propria. It remains to be answered
whether newly formed lymphatic vessels
migrate across the muscularis mucosae from
areas of normal lymphatics or whether they
arise de novo within the lamina propria
driven by inflammation. Finally, our study
did not categorize the type of inflammation,
but rather focused on overall degree of in-
flammatory infiltrate regardless of subtype.
It is unclear whether the drive for lymphan-
giogenesis varies depending on the acuity or

chronicity of inflammation; this is another
question that may be answered through fur-
ther investigation.

Neoplasia also may be associated with
the presence of lymphatics in colonic mu-
cosa. In addition to inflammation-related
findings, Kaiserling et al. found an associa-
tion between dysplastic epithelial changes
and quantitative increases in lymphatics in
cases of UC with epithelial dysplasia [25].
Kuroyama et al. utilized enzyme histochem-
ical assays to identify lymphatics in cases of
colon carcinoma and showed that intratu-
moral lymphatic vessels were present in 91
percent of carcinomas. Lymphatic density
was significantly higher within the tumor
than in the surrounding submucosa in these
cases [9]. Fogt et al. reported lymphatic ves-
sels both adjacent to nests of invasive tumor
and in the lamina propria surrounding re-
gions of in situ carcinoma using D2-40 [14].
These findings imply an association between
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Table 3. Average lymphatic density (LVD) and inflammatory grade.

Tissue

Normal colon
(n=4)

Inflamed colon
(n=4)

Hyperplastic
polyps (n=6)

Inflammatory
polyps (n=5)

Adenomatous
polyps (n=12)

Adenomatous
polyps containing
intramucosal car-
cinoma (n=6)

Invasive adeno-
carcinoma (n=5)

TOTAL

Number
Avg. LVD

Number
Avg. LVD

Number
Avg. LVD

Number
Avg. LVD

Number
Avg. LVD

Number
Avg. LVD

Number
Avg. LVD

Avg. LVD

Grade 2
Inflammation

0
-

0
-

2
3

0
-

0
-

2
3

2
4

3.3

Grade 3
Inflammation

0
-

4
2.3

0
-

5
3.4

0
-

0
-

1
4

3

Grade 1
Inflammation*

0
-

0
-

4
1.5

0
-

11
2.1

4
0.75

2
6

2.1

Grade 0
Inflammation

4
0

0
-

0
-

0
-

1
3

0
-

0
-

0.6

* there was discrepancy in inflammatory grade assignment in five cases, each of which was resolved
by consensus



epithelial neoplasia and lymphangiogenesis
in the colon. Our results show that neoplastic
conditions (adenoma and intramucosal car-
cinoma) are associated with the presence of
lymphatic vessels within colonic lamina pro-
pria. The mean LVD for adenomas was 2.2.
Interestingly, however, the mean LVD for
adenomas with intramucosal carcinoma was
only 1.5, which on an intuitive level seems
paradoxical. This may be reflective of the
small sample size in this category (an issue
which may arise in any study assessing in-
tramucosal carcinoma in the colon). Within
the invasive carcinoma group, the mean LVD
within and around tumor was 4.8. Overall,
there was a statistically significant difference
in LVD between groups. Additionally, pair-
wise comparison showed significant differ-
ences in LVD between adenoma vs. normal
colon, intramucosal carcinoma vs. invasive
adenocarcinoma, invasive carcinoma vs. nor-
mal colon, invasive adenocarcinoma vs. in-
flamed colon, and invasive carcinoma vs.
hyperplastic polyp. While the comparisons
involving invasive carcinoma are not unex-
pected, the significant differences between
adenoma and normal colon and between in-
tramucosal carcinoma and invasive carci-
noma are novel and supportive of our overall
observations. It is of interest that non-neo-
plastic colon immediately adjacent to inva-
sive carcinoma did not show any increase or
aberrant localization of lymphatic channels
in our cases, contrary to what was seen in the
study by Fogt et al. [14]. If mediators of lym-
phangiogenesis are at work within the tumor,
then it appears they may have predominantly
localized or paracrine effects within invasive
carcinomas.

One final issue related to lymphatics in
lamina propria that warrants brief discussion
regards colon cancer staging. While the po-
tential incidence of lymph node metastasis in
intramucosal carcinoma is extremely low,
there are cases in which metastasis has been
suggested [7]. If access to lymphatic vessels
is available to superficial lesions within the
lamina propria, then the difference between
intramucosal and in situ carcinoma becomes
more significant. The invasive lesion, how-
ever superficial, indeed may have metastatic

potential due to the presence of nearby lym-
phatics. Based on clinical outcome data, there
would be no compelling reason to modify the
current AJCC staging system. However, with
a more precise definition of intramucosal car-
cinoma, prospective follow-up may indeed
reveal a higher rate of lymph node metastases
in patients with intramucosal carcinomas than
in those with purely in situ lesions.

In conclusion, lymphatics are identifi-
able within the lamina propria of the colon
in various abnormal conditions, including
pre-neoplastic, neoplastic, and inflammatory
states. The driving force behind lymphan-
giogenesis may be stimulus from inflamma-
tion, surrounding neoplasia, or a
combination of both. While the necessarily
small sample size of this study prevented ro-
bust statistical analysis, future work includ-
ing biopsy specimens may provide further
insight into the lymphatic vasculature of the
colon in pathologic states.
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