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1 | INTRODUCTION

Human conjunctiva is a mucous membrane extending from the
eyelid margin to the corneoscleral limbus® containing an epithe-

lium (with goblet cells, Langerhans’ cells and, occasionally, dendritic

Abstract

An accurate identification of telocytes (TCs) was limited because of the heterogeneity
of cell types expressing the markers attributed to TCs. Some endothelial lineage cells
also could fit within the pattern of TCs. Such endothelial cells could line conjunctival
lacunae previously assessed by laser confocal microscopy. We have been suggested
that an accurate distinction of TCs from endothelial cells in the human eye conjunc-
tiva could be achieved by use of CD31, CD34 and D2-40 (podoplanin); and that the
conjunctival lacunae are in fact lymphatic. We aimed as testing the hypothesis by an
immunohistochemical study on human eye conjunctiva biopsy samples. Samples of
human eye conjunctiva from 30 patients were evaluated immunohistochemically by
use of the primary antibodies: CD34, D2-40 and CD31. D2-40 was equally expressed
within epithelia and laminae propria. Basal epithelial cells were D2-40 positive.
Within the stromal compartment, the lymphatic marker D2-40 labelled several lym-
phatic vessels. CD31 labelled both vascular and lymphatic endothelial cells within the
lamina propria. When capillary lymphatics were tangentially cut, they gave the false
appearance of telocytes. Blood endothelial cells expressed CD34, whereas lymphatic
endothelial cells did not. Stromal CD34-expressing cells/telocytes were found build-
ing a consistent pan-stromal network which was equally CD31-negative and D2-40-
negative. The conjunctival lymphatic lacunae seem to represent a peculiar anatomic
feature of eye conjunctiva. They are embedded within a CD34-expressing stromal
network of TCs. The negative expression of CD31 and D2-40 should be tested when
discriminating CD34-expressing TCs.

melanocytes 2) attached to the loose lamina propria.> Many leuko-
cytes are present, mostly T cells and macrophages.?

Expression of podoplanin (D2-40) was used to detect conjunc-
tiva lymphatics in both foetal and adult human eyes.® Studies of

conjunctiva by in vivo laser scanning confocal microscopy (LSCM)
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identified conjunctival lacunae,*® still not yet tested for the immune
expression of lymphatic markers in humans.

CD34 is so far one of mostly accepted identifier of telocytes
(TCs). On the other hand, CD31 (commonly regarded as endothe-
lial marker), and podoplanin—a marker of lymphatic endothelial cells
(LECs)—would not be expressed by TCs. Therefore, this panel of
markers is equally suited to detect lymphatics, and also to distinguish
them from TCs.” Initial TCs studies failed to use a specific lymphatic
marker to discriminate them from LECs, as recently discussed.®!
Caution should be taken in immunohistochemistry because TCs and
endothelial tip cells (guides of angiogenic sprouts) may share a com-
parable morphology.lz'14

We have been suggested that an accurate distinction of TCs
from LECs in the human eye conjunctiva could be achieved by using
a three-marker panel: CD31, CD34 and podoplanin and that the
large conjunctival lacunae found by in vivo LSCM studies are in fact
lymphatic. We therefore tested the hypothesis by an immunohisto-
chemical study on human eye conjunctiva biopsy samples.

2 | MATERIAL AND METHODS

The immunohistochemical study was performed retrospec-
tively on archived paraffin-embedded biopsy samples of human
eye conjunctiva (N = thirty cases). Patients’ age ranged from 49
to 58 years. Their written informed consent was obtained, the
study was approved (approval 4447/23.01.2019) and conducted
in accordance with the general principles of medical research,
as stated in the Helsinki Declaration. Tissue samples were pro-
cessed with an automatic tissue processor (Diapath, Martinengo,
BG, Italy) with paraffin embedding. Sections cut manually (3pm)
were mounted on SuperFrost® electrostatic slides for immuno-
histochemistry (ThermoScientific, Menzel-Glaser, Braunschweig,
Germany), after HE-stain evaluation. Negative controls lacked
primary antibodies. Primary antibodies (BiocareMedical, Concord,
CA, USA) were as follows: for CD34 (Cat# CMO084A,B,C, clone
QBENd/10, 1:50), for CD31 (Cat# CM347A,C, clone BC2, 1:200)
and for D2-40 (Cat# CM266A,B,C, clone D2-40, 1:100). Tissues
were deparaffinized and rehydrated; then endogenous peroxidase
was blocked using Peroxidazed 1 (BiocareMedical) for 5 minutes.
For heat-induced epitope retrieval, we used Decloaking Chamber
(BiocareMedical) and retrieval solution pH 6 (BiocareMedical).
Primary antibodies incubation time was 30 minutes (for CD31 and
CD34) and 60 minutes (for D2-40). We used HRP-based detec-
tion systems from BiocareMedical: 4Plus for CD34, MACH4™ for
D2-40 and MACH2™ for CD31, following the producer's instruc-
tions. An HRP-compatible chromogen (DAB) was applied. Sections
were counterstained with haematoxylin and rinsed with deionized
water. We washed using pH 7.6 TBS solution. Microscopic slides
were analysed, and micrographs were acquired using a calibrated
Zeiss working station as described previously,'! with an Axiolmager
M1 microscope, an AxioCam HRc camera and AxioVision software

(Carl Zeiss, Oberkochen, Germany).

3 | RESULTS

D2-40 was expressed within epithelia and laminae propria. Basal ep-
ithelial cells were D2-40". Within the stromal compartment, the lym-
phatic marker D2-40 labelled several lymphatic vessels (Figure 1).
Interestingly, we found within the lamina propria also collagen-em-
bedded large lymphatic lacunae (Figure 1) neighbouring blood ves-
sels and nerves. On successive slides, we adequately distinguished
lymphatics from other stromal contents. Thus, CD31 labelled both
endothelia and LECs within the lamina propria (Figure 2A). We
found CD31-expressing blood cells (Figure 2A) within microves-
sels. Tangentially cut lymphatic capillaries may mimic TCs aspect
(Figures 1,2A). Blood endothelial cells expressed CD34, whereas
LECs did not (Figure 2B). Stromal CD34* TCs were identified building
a consistent pan-stromal CD31" D2-40" network (Figure 2B).

4 | DISCUSSION

Epithelial expression of podoplanin could relate to the proliferative
potential of basal cells, as previously documented.*® Podoplanin ex-

316 and in-

pression in basal epithelia is high during wound healing
flammatory responses.t>'” Therefore, tissues constantly exposed
to exogenous agents and involved in inflammatory processes could
display a podoplanin immunoreactivity of the basal epithelium.

We also showed that intrinsic lymphatic vasculature of con-
junctiva consists not only from well-known lymphatic capillaries
and collectors,*®'? but also from peculiar lymphatic lacunae. Such
lacunae described as ‘dilated lymphatic spaces lined with a simple
layer of LECs’ were reported in the uterine tube and showed a D2-
40* CD34" expression.?° In conjunctiva, the lymphatic lacunae were
D2-40" CD31" CD34". Nevertheless, caution should be taken when
observing slides in light microscopy, as narrow tangentially or longi-
tudinally cut lymphatics could be borders of such lymphatic lacunae.

To the best of our knowledge, podoplanin was not used previ-
ously to discriminate conjunctival lymphatic lacunae, in the sense
defined by Varga in the uterine tube.2° However, in vivo studies of
conjunctiva which used LSCM found conjunctival lacunae,*® with-
out discriminating them from lymphatics, which is indeed a limita-
tion of the method. Authors’ descriptions are convergent and fit with
lymph-filled structures: ‘dark amorphous lacunae’,*¢ tissue edema

seen as ‘multiple black empty spaces’,?!

122

wide fluid-filled hypore-
flective microcysts'?? or ‘wide intercellular spaces’?® Dye injections
demonstrated that the pericorneal lymphatic ring opens into con-
junctival lymphatic lacunae (lakes) which, in turn, form superficial
and deep networks.?* In a different study, these lacunae were indi-
cated as ‘lymphatic bulbs’.'?

Telocytes are stromal cells mostly identified on two-dimen-
sional sections as delicate structures, with thin and long prolon-
gations consisting of alternation of dilations (podoms) and thin
segments (podomers).1>?° They were renamed in 2010 from ‘in-
terstitial Cajal-like cells’ by Popescu and Faussone-Pellegrini.?

Various studies regarding TCs have attempted to identify
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FIGURE 1 Human eye conjunctiva. (A)

Delicate networks of lymphatic capillaries S0y 5:."‘,
)

express D2-40 (arrows) and could easily D2-40 :'

be confused on slides with telocytes. (B) et

Expression of D2-40 is found in basal
epithelial cells (arrowheads), as well in
the endothelial walls of the lymphatic
lacunae (arrows) which border unlabelled
blood vessels (bv). Lymphatic collectors
(double-headed arrows in A,B) might be
confused with segments of telocytes,
especially when sectioned tangentially
(B). Occasionally presence of pericytes
around these lymphatics (A) might help in
differential diagnosis

FIGURE 2 Human eye conjunctiva.
(A) CD31 expression in endothelial cells
of blood vessels (bv) and lymphatic
lacunae (LL). When confirmed lymphatic
vessels (D2-40 positive) are tangentially
cut, CD31-expressing false telocytes
may appear on sections (double-headed
arrow). (B) CD34 is expressed in blood
vessel (bv) endothelial cells, whereas
lymphatic lacunae (LL) are negative. An
extensive network of CD34-expressing
stromal cells/telocytes is present in the
perivascular (double-headed arrows) and
subepithelial (arrows) lamina propria
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specific functional characteristics of these cells, but they often
have not used unitary scientific methodology, as recently re-
ported.?1 142731 However, despite the controversies regarding
TCs,” 1192 they should be included in both the nomenclature and
textbooks of histology.33 Nevertheless, care should be taken on
two-dimensional slices, as tangentially cut endothelial cells, or
lymphatic capillaries, could generate false evidence of TCs.8 CD34

is considered in almost all studies identifying TCs as a reliable
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.

D2-40

marker,”1%2? despite the fact that some authors reported as ‘fi-
brocytes’ either CD34+ stromal cells 3* or CD34* Vimentin® my-

3536 |ndeed, besides the negative

elomonocytic descendants.
expression of CD31 and podoplanin which should be detected in
order to accurately identify TCs, there is still at least one different
marker to be identified to help discriminating TCs from cells of
the hematopoietic lineage. Caution should be taken when CD34 is

used alone to discriminate TCs.
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5 | CONCLUSIONS

Conjunctival lymphatic lacunae seem to represent a peculiar
anatomic feature of eye conjunctiva. They are embedded within
a CD34" stromal network of TCs. Use of CD31, CD34 and po-
doplanin could discriminate TCs from cells of the endothelial
lineages.

CONFLICTS OF INTERESTS

The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTION

Mihnea loan NICOLESCU: involved in conceptualization, investi-
gation and writing-review and editing. Mugurel Constantin RUSU:
involved in methodology, investigation and writing-original draft
preparation. Liliana Mary VOINEA: involved in investigation, re-
sources and writing-original draft preparation. Alexandra Diana
VRAPCIU: involved in investigation, resources and writing-original
draft preparation. Raluca lustina BARA: involved in investigation,
resources and writing-original draft preparation.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ORCID

Mihnea I. Nicolescu https://orcid.org/0000-0001-8051-1166

Mugurel C. Rusu https://orcid.org/0000-0002-8723-0540

REFERENCES

1. Reinoso R, Martin-Sanz R, Martino M, et al. Topographical dis-
tribution and characterization of epithelial cells and intraepithe-
lial lymphocytes in the human ocular mucosa. Mucosal Immunol.
2012;5:455-467.

2. Yanoff M, Sassani JW. Ocular Pathology E-Book. Amsterdam,
Netherlands: Elsevier Health Sciences; 2014.

3. Herwig MC, Minstermann K, Klarmann-Schulz U, et al. Expression
of the lymphatic marker podoplanin (D2-40) in human fetal eyes.
Exp Eye Res. 2014;127:243-251.

4. Efron N, Al-Dossari M, Pritchard N. In vivo confocal micros-
copy of the palpebral conjunctiva and tarsal plate. Optom Vis Sci.
2009;86:E1303-1308.

5. Hu VH, Massae P, Weiss HA, et al. In vivo confocal microscopy of
trachoma in relation to normal tarsal conjunctiva. Ophthalmology.
2011;118:747-754.

6. Wei A, Hong J, Sun X, et al. Evaluation of age-related changes in
human palpebral conjunctiva and meibomian glands by in vivo con-
focal microscopy. Cornea. 2011;30:1007-1012.

7. Rosa |, Marini M, Sgambati E, et al. Telocytes and lymphatic endo-
thelial cells: Two immunophenotypically distinct and spatially close
cell entities. Acta Histochem. 2020;151530.

8. Manta L, Rusu MC, Pop F. What podoplanin tells us about cells with
telopodes. Ann Anat. 2018;218:124-128.

9. Rusu MC, Hostiuc S. Critical review: cardiac telocytes vs cardiac
lymphatic endothelial cells. Ann Anat. 2018;222:40-54.

10. Rusu MC, Hostiuc S, Fildan AP, et al. Critical review: what cell types
are the lung telocytes? Anat Rec (Hoboken). 2019.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Toader OD, Rusu MC, Mogoanta L, et al. Immunohistochemical
study of gastric mucosa and critical review indicate that the sub-
epithelial telocytes are prelymphatic endothelial cells. Medicina.
2019;55(7):316.

Rusu MC, Didilescu AC, Stanescu R, et al. The mandibular ridge
oral mucosa model of stromal influences on the endothelial tip
cells: an immunohistochemical and TEM study. Anat Rec (Hoboken).
2013;296:350-363.

Rusu MC, Poalelungi CV, Vrapciu AD, et al. Endocardial tip
cells in the human embryo - facts and hypotheses. PLoS ONE.
2015;10:e0115853.

Rusu MC, Hostiuc S, Vrapciu AD, et al. Subsets of telocytes:
Myocardial telocytes. Ann Anat. 2017;209:37-44.

Miyazaki Y, Okamoto E, Gonzalez-Alva P, et al. The significance
of podoplanin expression in human inflamed gingiva. J Oral Sci.
2009;51:283-287.

Baars S, Bauer C, Szabowski S, et al. Epithelial deletion of podo-
planin is dispensable for re-epithelialization of skin wounds. Exp
Dermatol. 2015;24:785-787.

Zustin J, Scheuer HA, Knecht R, et al. Enhanced podoplanin expres-
sion in chronic maxillary sinusitis. Vivo. 2013;27:551-554.

Nakao S, Hafezi-Moghadam A, Ishibashi T. Lymphatics and lymph-
angiogenesis in the eye. J Ophthalmol. 2012;2012:783163.
Gruntzig J, Hollmann F. Lymphatic vessels of the eye - old questions
- new insights. Ann Anat. 2019;221:1-16.

Varga |, Kachlik D, Ziskova M, et al. Lymphatic lacunae of the
mucosal folds of human uterine tubes - A rediscovery of forgot-
ten structures and their possible role in reproduction. Ann Anat.
2018;219:121-128.

Hu VH, Weiss HA, Massae P, et al. In vivo confocal microscopy in
scarring trachoma. Ophthalmology. 2011;118:2138-2146.
Ciancaglini M, Carpineto P, Agnifili L, et al. Conjunctival modifi-
cations in ocular hypertension and primary open angle glaucoma:
an in vivo confocal microscopy study. Invest Ophthalmol Vis Sci.
2008;49:3042-3048.

Rath R, Stave J, Guthoff R, et al. In vivo imaging of the con-
junctival epithelium using confocal laser scanning microscopy.
Ophthalmologe. 2006;103:401-405.

Singh D, Singh RSJ, Singh K, et al. The conjunctival lymphatic sys-
tem. Ann Ophthalmol. 2003;35:99-104.

Faussone Pellegrini MS, Popescu LM. Telocytes. Biomol Concepts.
2011;2:481-489.

Popescu LM, Faussone-Pellegrini MS. TELOCYTES - a case of ser-
endipity: the winding way from Interstitial Cells of Cajal (ICC), via
Interstitial Cajal-Like Cells (ICLC) to TELOCYTES. J Cell Mol Med.
2010;14:729-740.

Grigoriu F, Hostiuc S, Vrapciu AD, et al. Subsets of telocytes: the
progenitor cells in the human endocardial niche. Rom J Morphol
Embryol. 2016;57:767-774.

Hostiuc S, Negoi |, Dogaroiu C, et al. Cardiac telocytes. From
basic science to cardiac diseases. |. Atrial fibrillation. Ann Anat.
2018;218:83-87.

lancu C, Rusu M, Mogoanta L, et al. Myocardial telocyte-like
cells: a review including new evidence. Cells Tissues Organs.
2018;206:16-25.

lancu CB, Rusu MC, Mogoanta L, et al. The telocytes in the subepi-
cardial niche. Applied Sci. 2019;9:1615.

Varga |, Polak S, Kyselovic J, et al. Recently discovered interstitial
cell population of telocytes: distinguishing facts from fiction re-
garding their role in the pathogenesis of diverse diseases called
"Telocytopathies". Medicina. 2019;55(2):56.

lancu C, Rusu M, Mogoantad L, et al. Myocardial telocyte-like
cells: a review including new evidence. Cells Tissues Organs.
2019;206(1-2):16-25.


https://orcid.org/0000-0001-8051-1166
https://orcid.org/0000-0001-8051-1166
https://orcid.org/0000-0002-8723-0540
https://orcid.org/0000-0002-8723-0540

NICOLESCU ET AL.

33. Varga |, Gélfiova P, Blankova A, et al. Terminologia Histologica 10
years on: some disputable terms in need of discussion and recent
developments. Ann Anat. 2019;226:16-22.

34. Diaz-Flores L, Gutierrez R, Garcia MP, et al. CD34+ stromal cells/
fibroblasts/fibrocytes/telocytes as a tissue reserve and a principal
source of mesenchymal cells. Location, morphology, function and
role in pathology. Histol Histopathol. 2014;29:831-870.

35. Ceafalan L, Gherghiceanu M, Popescu LM, et al. Telocytes in
human skin-are they involved in skin regeneration? J Cell Mol Med.
2012;16:1405-1420.

36. Petre N, Rusu MC, Pop F, et al. Telocytes of the mammary gland
stroma. Folia Morphol (Warsz). 2016;75:224-231.

WILEY--%7

How to cite this article: Nicolescu MI, Rusu MC, Voinea LM,
Vrapciu AD, Bara RI. Lymphatic lacunae of the human eye
conjunctiva embedded within a stroma containing CD34"*
telocytes. J Cell Mol Med. 2020;24:8871-8875. https://doi.
org/10.1111/jcmm.15354



https://doi.org/10.1111/jcmm.15354
https://doi.org/10.1111/jcmm.15354

