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ABSTRACT

Modern immunohistochemical techniques
allow a detailed study of the lymphatic system
in many organs and areas of the body. We
performed an in-depth study on lymphatic
vessels of the ileal and colonic mesenteries,
together with the greater omentum where
they appear particularly numerous and mainly
represented by capillaries interconnected
among themselves and with lymph nodes.

The capillary wall consists of a fine single
sheath of endothelial cells wrapped around by
a subtle collagen membrane and deprived of
valves. The progression of lymph flow is
promoted by external forces acting on the
capillary walls. Only at the mesenteric roots
can pre- and post-lymph nodal collector
vessels be observed. Our observations help to
explain different patho-physiological correla-
tions and the possible presence of skip lymph
node metastases.
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Until today, the highest interest of
pathologists and surgeons has been focused
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on the number and location of colonic lymph
nodes in order to accomplish radical
dissection and to precisely stage the colon
tumor. It has been widely accepted that the
lymph node spatial arrangement follows

the main arterial arcades of each colonic or
ileal segment (1). In the past, no particular
attention was directed at the mesenteric
lymphatic capillaries in humans primarily
because the histological techniques were not
adequate to investigate this fine lymphatic
network. Recently, immunohistochemical
improvements have made possible a more
precise study of these small lymphatic vessels
(including the capillaries) (2-5), and we can
now revisit this area and its pathophysio-
logical implications.

MATERIALS AND METHODS

We utilized surgical specimens of colon
and ileal segments from adult patients
(mean age: 67 years) operated on for different
inflammatory or neoplastic conditions.
Cases were excluded with evident mesenteric
lesions such as peritoneal inflammation or
carcinomatosis, acute or chronic vascular
lesions, portal hypertension, etc. We have
focused our studies on 20 right colonic resec-
tions for adenocarcinoma, 30 left colonic
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Fig. 1. In the mesentery (A, H&E, x10) and omentum (B, H&E, x10), the lymphatic apparatus is constituted by thin
capillaries, which run along the neurovascular bundles, brown-stained with anti-podoplanin (C and D, x10).

resections (15 performed for adenocarcinoma
and 15 for non-acute diverticulitis), and 20
ileal resections for chronic adhesions. Tissues
were collected following surgical specimens
with the first sample proximal to the intestinal
wall, a second in the central part of the
mesentery, and a third corresponding to the
more distal region of the mesenteric root.
The location of these samples corresponded
to that of the equivalent lymph node stations:
para-colic or para-ileal, intermediate, and
proximal. Those from the colonic specimens
can be considered just proximal to the
retroperitoneal lymphatic channels. In order
to compare the results, equivalent experi-
ments were carried out on samples from the
parietal peritoneum (10 cases), the greater
epiploon (10 cases), and the retroperitoneum
(10 cases). All surgical specimens were fixed
in 4% neutral buffered formalin, paraffin
embedded, and submitted for routine
haematoxylin/eosin (H&E) staining and
immunohistochemical characterization.
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After deparaffinization, hydration,
endogenous peroxidase blocking, and heat-
induced antigen retrieval, tissue sections
were incubated for 30 minutes at room
temperature with anti-podoplanin (clone
D2-40, prediluted; Ventana, Tucson, AZ,
USA), anti-CD31 (clone JC70, prediluted;
Ventana) and anti-collagen type IV (clone
CIV22, prediluted; Ventana). Biotinylated
secondary antibody was applied and the
staining product detected with an avidin-
biotin complex displayed against a
hematoxylin counterstain. Detection of the
staining reaction was achieved by an enzyme
conjugated polymer complex adapted for
automatic stainers from Roche Ventana
Medical Systems, with 3-3’diaminobenzidine
tetrahydrochloride as chromogen. We adopted
current magnification techniques, taking
care to study the lymphatic vessels with both
longitudinal and transversal sections.

RESULTS
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Fig. 2. The perinodal (arrow) and subcapsular (asterisk) lymphatic capillaries (A, H&E, x10), brown-stained by
anti-podoplanin (B, asterisk, x10), show also immunoreactivity for anti- collagen IV, which testifies the presence of
a basal membrane (C, asterisk, x10).

The lymphatic systems of the ileal and
colonic mesenteries and the greater epiploon
show overlapping features that fit well with
their common embryological origin. The
mesenteries and the epiploon have a particu-
larly rich lymphatic network compared to
that of parietal peritoneum and are high-
lighted well by D2-40 immunohistochemistry
(Fig. 1). It mainly encompasses capillaries
and lymph nodes without the collecting
channels, both pre- and post-lymph nodal in
the distal, para-intestinal, and intermediate
parts. In particular, in the middle and
para-intestinal part of the ileal or colonic
mesenteries, the lymphatic system afferent to
and efferent from the lymph nodes is only
represented by capillaries. Their wall consists
of a simple endothelium wrapped around
and along their entire course by a basal
membrane which is electively stained by
collagen IV antibody (Fig. 2). No pericytes or
smooth muscle fibers have been observed
around the lymphatic capillaries. Among the
single capillaries, we have noticed multiple
and branched interconnections, which
increase the surface of exchange with the
interstitial space. We did not detect histo-
logical structures referable to valves in the
capillaries. Only in the roots of the colonic
mesenteries from patients operated on with
total mesocolic excision and central ligation
of the vascular pedicles have we observed the
presence of collecting lymphatic channels —
those with a larger caliber, a more complex
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wall, and demonstrating smooth muscle
connective components and pericytes.
Topographically, they accompany the feeding
arteries of different ileal or colonic segments
and are connected with retroperitoneal
lymphatic channels. In the retroperitoneal
tissue, we found pre- and post-lymph nodal
D2-40 positive collectors with a more
complex wall consisting of fibromuscular
fibers, distinct valves, and a connective
basement membrane (Fig. 3). In these sections
the capillary network, while still present, is
less abundant. In the parietal peritoneum,
the lymphatic structures are represented by
scattered capillaries, present under the
mesothelial surface and histologically equiva-
lent to those observed in the colonic or ileal
mesentery (Fig. 4). None of the investigated
lymphatic structures were immunoreactive
for CD31, a well-known marker for hematic
endothelia.

DISCUSSION

The great abundance of lymphatic vessels
in the ileal and colonic mesenteries and in
the greater omentum identify them not as
simple ‘ligaments’ but also as structures
providing a large lymphatic network with a
consequent extensive function of exchange in
addition to that of simple transport. This is
interrelated with the activity of the corres-
ponding intestinal segments (6-8). The term
‘lymphangion” refers to the functional unit
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Fig. 3. The lymphatic collectors of the retroperitoneum are provided with a thick fibro-muscular wall and are

engulfed by lymph together with lymphocytes (A, H&E, x10); the D2-40 immunoreactivity has been realized
(B, x10).

Fig. 4. Sub-peritoneal lymphatic capillaries: the arrows point to the myenteric nervus plexus of Auerbach (A, H&E,
x10). The ectasic thin lymphatics are demonstrated by immunoreactivity for anti-podoplanin (B, x10).

of a lymph vessel that lies between two lymphangions cannot be expected considering
semilunar (half-moon shaped) valves, the absence of real valves and the simple
capable of contracting on its own due to the constitution of the wall. Lymph propulsion in
presence of smooth muscle (9). A histological these simple capillaries is promoted by forces
arrangement of the mesenteric capillaries in acting externally on their wall such as the
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positive pressure present in the mesenteric
interstitial spaces and in the whole peritoneal
cavity, the respiratory movements of the
diaphragm, the pulsations of the accom-
panying arterial vessels, and the peristaltic
activity of the bowel, etc. In this phase, as
already demonstrated with ultrastructural
magnification techniques, the basal
membrane has an important adjuvant role
through its actomyosin filaments which
anchor the capillary walls to the adjacent
interstitial structures and make more efficient
the action of the aforementioned external
forces (10-15).

On the contrary, lymphatic collectors of
the retroperitoneum show specific propensity
for lymph transport and propulsion with
their walls equipped with valves and smooth
muscle fibers intermingled with a connective
tissue component. Clearly, the lymphatic
vessels located at the proper mesenteric
roots have intermediate features between the
simple capillaries and the more complex
retroperitoneal lymphatic structures since
their function is not of absorption or exchange
but mainly of transport.

These findings all agree with the
different embryogenesis of these structures:
the ileal and colonic mesenteries together
with the greater omentum develop from the
primitive enteric tube and become the most
important functional pathways for their
nervous, vascular, and lymphatic connections.
Inversely, the parietal peritoneum, which
originates from the walls of the primitive
coelomic cavity, is supplied by common
somatic blood and lymph vessel, and it has
no particular function of active absorption
or lymphatic transport under normal
conditions (16).

In light of these observations, we can
explain some aspects of mesenteric pathology.
For example, during the course of peritonitis,
active bidirectional exchanges among the
peritoneal cavity, the mesenteric interstitial
space, and the lymphatic capillaries occur.

In this case, local and general humoral
agents, especially inflammatory mediators,
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easily increase the permeability of the lym-
phatic capillaries. Similarly, the mesenteric
capillary network, when congested from a
downstream obstruction, or overfilled by
lymph overproduction as in liver cirrhosis,
favors through a mechanism of ultra-
filtration the development of ascites (17-20)
that becomes chylous when the lymph is
particularly rich in lipids.

The numerous lymph nodes interrelated
with the capillary lymphatic network assure
an immunological function to the lymphatic
apparatus of the intestinal mesentery (21).
Moreover, our morphological data reflect a
further functional observation: lymph flow
in the rich capillary lymphatic mesenteric
network can follow not only the most direct
way among the lymph node chains but
promoted by different mechanical forces,
can run through other routes especially in
pathological conditions (6).

CONCLUSION

In the human colonic and ileal mesen-
teries, the lymphatic vascular apparatus is
exclusively represented by a fine and largely
extended network of simple capillaries. This
confirms a similar observation in primates
(22,23) and, for the first time, underlines the
important role of lymphatic capillaries in
different pathological conditions such as
ascites or peritonitis. Moreover, this finding
contributes to support the concept of skip
lymph node metastasis. Our observations
agree with the policy of ‘complete mesocolic
excision,” performed in surgery of colonic
cancers with central ligation of the feeding
arteries following embryological planes to
allow good results (24). In particular, the
mesenteric excision must be adapted not only
to the lymph node topography but also to the
related capillary lymphatic network.

ACKNOWLEDGMENT

This study was funded by the Italian
Research Program of Emilia Romagna

Reproduction not permitted without permission of Journal LYMPHOLOGY.



Region for the University of Modena and
Reggio Emilia (CUP E35E09000880002).

CONFLICT OF INTEREST AND
DISCLOSURE

All authors declare that no competing

financial interests exist.

REFERENCES

1.

10.

11.

12.

Permission granted for single print for individual use.

Ahmadi, O, JL Mc Call, MD Stringer:
Mesocolic lymph node number, size and
density: an anatomical study. Dis. Colon
Rectum 58 (2015), 726-735.

Roncati, L, A Manenti, E Pavesi, et al:
Surgicopathologic correlations regarding
lymphatics in hilar cholangiocarcinoma.
Surgery 159 (2016), 1483.

Manenti, A, E Pavesi, A Farinetti, et al:

For a clearer comprehension of the lymphatic
system in perihilar cholangiocarcinoma. Am.
J. Surg. 211 (2016), 493.

Roncati, L, G Barbolini, T Pusiol, et al: New
advances on placental hydrops and related
villous lymphatics. Lymphology 48 (2015),
28-37.

Roncati, L, A Manenti, P Sighinolfi:
Immunohistochemical improvement in the
analysis of the lymphatic metastases from
lung carcinoma. Ann. Thorac. Surg. 97
(2014), 380-381.

Breslin, JW: Mechanical forces in lymphatic
transport. Microvasc. Res. 96 (2014), 46-54.
Ohtani, O, Y Ohtani: Organization and
developmental aspects of lymphatic vessels.
Arch. Histol. Cytol. 71 (2008), 6-22.
Chakraborty, S, MJ Davis, M Muthuchamy:
Emerging trends in the pathophysiology of
lymphatic contractile function. Sem. Cell.
Dev. Biol. 38 (2015), 55-66.

Venugopal, AM, RH Stewart, GA Laine, et al:

Lymphangion coordination minimally affects

mean flow in lymphatic vessels. Am. J. Physiol.

Heart. Circ. Physiol. 293 (2007), 1183-1189.
Von der Weid, PY, DC Zawieja: Lymphatic
smooth muscle: The motor unit of lymphatic
drainage. Int. J. Biochem. Cell. Biol. 34
(2004), 1147-1153.

Davis, MJ, E Rahbar, AA Gashen, et al:
Determinants of valve gating in collecting
lymphatic vessels from rat mesentery. Am. J.

Physiol. Heart. Circ. Physiol. 301 (2011), 48-60.

Scallan, JP, SD Zawiega, JA Castorena-
Gonzales, et al: Lymphatic pumping:
Mechanics, mechanisms and malfunction. J.
Physiol. (2016), doi: 10.1113/JP 272088.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

78

Gashev, AA: Basic mechanisms controlling
lymph transport in the mesenteric lymphatic
net. Ann. N.Y. Acad. Sci. 1207 (2010), 16-20.
Gashev, AA: Lymphatic vessels: Pressure-
and flow-dependent regulatory reactions.
Ann. N.Y. Acad. Sci. 1131 (2008), 100-109.
Dongaonkar, RM, TL Nguyen, CM Quick,

et al: Adaptation of mesenteric lymphatic
vessels to prolonged changes in transmural
pressure. Am. J. Physiol. Heart. Circ. Physiol.
305 (2013), 203-210.

Shaefer, B, M Bartosova, S Macher-Goeppinger,
et al: Quantitative histomorphometry of
healthy peritoneum. Sci. Rep. 6 (2016), 21344.
Chung, C, Y Iwakiri: The lymphatic vascular
system in liver diseases: Its role in ascites
formation. Clin. Mol. Hepatol. 19 (2013), 99-104.
Manenti, A, L Roncati, G Barbolini: The role
of lymphatics in portal biliopathy. J. Visc.
Surg. 153 (2016), 81.

Iwakiri, Y: The lymphatic system: A new
frontier in hepatology. Hepatology (2016), doi:
10.1002/hep.286.50.

Steinemann, DC, D Dindo, PA Clavien, et al:
Atraumatic chylous ascites: Systematic review
on symptoms and causes. J. Am. Coll. Surg.
212 (2011), 899-905.

Batterman, KL, NL Harvey: The lymphatic
vasculature: Development and role in shaping
immunity. Immunol. Rev. 271 (2016), 276-292.
Kato, S, M Miura, R Miyauchi: Structural
organization of the initial lymphatics in the
monkey mesentery and intestinal wall as
revealed by an enzyme-histochemical method.
Arch. Histol. Cytol. 56 (1993), 149-160.
Shimoda, H, S Kato, T Kudo: Enzyme-
histochemical demonstration of the intramural
lymphatic network in the monkey jejunum.
Arch. Histol. Cytol. 60 (1997), 215-224.
Roncati, L, A Manenti , M Zizzo, et al:
Comment to: Merkel, S, K Weber, KE Matzel,
et al: Prognosis of patients with colonic
carcinoma before, during and after implemen-
tation of complete mesocolic excision. Br. J.
Surg. 103 (2016), 1220-1229.

Luca Roncati, MD, PhD

Department of Diagnostic and Clinical
Medicine and of Public Health

Section of Pathology

University of Modena and Reggio Emilia
Policlinico Hospital

1-41124 Modena (MO), Italy

E-mail: emailmedical@gmail.com
Telephone: +390594224812

Fax: +390594224998

Reproduction not permitted without permission of Journal LYMPHOLOGY.





