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SUMMARY - A model of ectopic organogenesis of the rat fetal lacrimal gland was developed to study
lacrimal gland organogenesis. It was done by its transplantation under the renal capsule. In transplants,
expression of the tumor suppressor retinoblastoma gene (Rb) and proliferation cell nuclear antigen (PCNA)
was assessed at the protein level. Eyes of 17- and 20-day-old rat fetuses were isolated under a dissecting
microscope. Lacrimal glands were found and transplanted under the renal capsule of an adult male. After 14
days, transplants were routinely prepared for immunohistochemistry. DAKO Animal Research kit (Peroxi-
dase) was used for detection of monoclonal mouse anti-PCNA and monoclonal mouse anti-human retino-
blastoma gene product. In transplants, teratoma-like structures developed that contained lacrimal gland
epithelial cells and ducts as well as epidermis. PCNA signal was detected in the nuclei of excretory duct
cells and in epidermal basal layer cells. Some transplant cells were found to have the ability of proliferation
preserved even after a 14-day period. PCNA signal was absent in well differentiated epithelial cells of
lacrimal gland. Intranuclear Rb protein expression was only detected in several scattered cells, indicating
the proliferating compartment to be usually larger than the differentiating one in fetal tissues. Assessment
of the PCNA and Rb gene expression could prove important for elucidation of pathologic processes of the
lacrimal gland, such as tumors or dry eye syndrome.
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Introduction

Development of the lacrimal gland is an example of
epithelial-mesenchymal interaction. In mouse, a single
budlike invagination of the conjunctival epithelium at the
temporal extremity of the eye is the initial sign of lacrimal
gland formation'. The mesenchymal cells that surround
the point of epithelial budding are periocular cells of neu-
ral crest origin®. "Tubular invagination of the lacrimal gland
extends and branches multiple times to give the lobular
structure of the mature gland'.
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The type of morphogenesis® that accompanies devel-
opment of the lacrimal gland has been studied in detail in
several other organ systems including the limb*, the lung™
7,and teeth®. As the result of these analyses, a selection of
soluble signaling molecules has been implicated in gener-
ating morphology of this type. These include sonic hedge-
hog”!® and members of the bone morphogenetic protein
(BMP) ! and fibroblast growth factor (FGF) families'. In
particular, FGF10, also known as keratinocyte growth fac-
tor-2 (KGF2), has been implicated in budding outgrowth
of epithelia*>.

The proliferating cell nuclear antigen (PCNA) is awell-
known endogenous proliferation marker and its detection
is often used to establish the proliferation status of cells
in animal and human tissues'®". On the other hand, tu-
mor suppressor genes are considered to be negative growth

211



A. Katusic ez al.

The expression of proliferating cell nuclear antigen and retinoblastoma protein in transplanted fetal rat lacrimal gland

regulators in development and differentiation'®”. Rb gene
is a prototype of a tumor suppressor gene, and while inac-
tivation of both Rb alleles seems to cause the tumor ret-
inoblastoma, absent or altered Rb protein expression was
also detected in other tumor types®. Rb protein is an im-
portant negative regulator of the cell cycle progression but
its phosphorylation during G1 phase by Cdk-cyclin com-
plex causes progression to S-phase?!'. Rb has been shown
to promote terminal differentiation and to prevent cell
cycle re-entry®.

"The purpose of this study was to investigate the abil-
ity of cell proliferation in conjunction with expression of
the tumor suppressor Rb gene and PCNA in rat fetal lac-
rimal gland in order to get better insight into the lacrimal
gland organogenesis.

Material and Methods

Transplantation and in vive organ culture

Fisher rats were mated overnight and sacrificed in ether
after 17 and 20 days of pregnancy. Eyes were microsurgi-
cally isolated from the embryos under a dissecting micro-
scope. Fetal lacrimal glands were found behind neural ret-
ina and transplanted to the ectopic site under the renal
capsule of an adult male. Rats were anesthetized and
paravertebral incision was made through the skin and
muscle to approach the kidney. An incision was made on
one renal capsule of each rat and a small pocket was formed
under the capsule to place the transplant. Transplants were
grown 7 vivo for 14 days.

Immunohistochemistry

After 14 days, the transplants were routinely fixed in
St. Marie fixative (90% ethanol, 1% glacial acetic acetate)
and embedded in paraffin. Serial sections (5 mm) were put
on silanized slides (S 3003; DAKO, Glostrup, Denmark)
and air-dried for 24 hours at room temperature. Sections
were routinely deparaffinized and placed in ajar filled with
PBS (pH=7.4). Prior to application to the specimens, pri-
mary antibodies were diluted with 0.05 mol dm™ "Tris-HCI
buffer, pH=7.6, containing 1% bovine serum albumin and
labeled by mixing for 15 minutes in a solution with the
biotinylation reagent, a modified biotinylated anti-mouse
immunoglobulin. The blocking reagent (normal mouse
serum in Tris-HCI buffer containing carrier protein and 15
mmol dm™ sodium azide) was then added for 5 minutes
to the mixture to inhibit the appearance of endogenous
signal. Monoclonal Mouse Anti-PCNA, Clone PC10 (M
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0879, DAKO) was diluted to 1:25; Monoclonal Mouse
Anti-Human Retinoblastoma Gene Product, Clone Rb1
(M 7131, DAKO) was diluted to 1:25. Negative control was
performed by avoiding the step of incubation with prima-
ry antibodies. DAKO Animal Research kit (Peroxidase) was
used for primary antibody visualization according to the
manufacturer’s instructions. The specimens were incubat-
ed with Peroxidase Block for 5 minutes. Biotinylated pri-
mary antibody and streptavidin-peroxidase complex were
applied step by step for 15 minutes each. After each incu-
bation step, the slides were washed in the buffer twice for
3 minutes. Prior to staining, the DAB + Substrate-Chro-
mogen complex was made by mixing the Buffered Sub-
strate solution (pH=7.5; containing hydrogen peroxide
and a preservative) with the Liquid DAB (3,3'-diami-
nobenzidine) + Chromogen solution. The complex was
immediately applied on the specimens for 5 minutes and
washed with distilled water. Hematoxylin was used for
counterstaining. The slides were covered with 50% glyc-
erol in PBS.

Results

Development of teratoma-like structures at the
ectopic site

After 14 days of 2 vivo cultivation of rat fetal lacrimal
gland at the ectopic site under the renal capsule, the ap-
pearance of teratoma-like structures was observed, con-
taining not only lacrimal gland but also hair-like structures.
"The success of transplantation presented by the develop-
ment of teratoma-like structures was 85.71% in 17-day-old
rat fetuses and 50% in 20-day-old rat fetuses (Table 1).

PCNA expression in transplants of rat fetal
lacrimal gland

PCNA was detected in tissues of lacrimal gland trans-
plants of 17- and 20-day-old rat fetuses. The intranuclear
PCNA signal was intensive within particular excretory duct

Table 1. Transplantation of fetal lacrimal gland under renal cap-
sule of an adult male

Days No. of No.of  Teratoma-like
of isolated lacrimal structures
pregnancy fetuses glands observed
transplanted
17 7 7 6
20 6 6 3

Acta clin Croat, Vol. 43, No. 2, 2004



A. Katusié¢ ez al.

The expression of proliferating cell nuclear antigen and retinoblastoma protein in transplanted fetal rat lacrimal gland

Fig. 1. Proliferating cell nuclear antigen (PCNA) expression in the
rat fetal lacrimal gland transplant under renal capsule. Intranu-
clear PCNA signal is visible in excretory duct cells of lacrimal gland
(arrow). Note the absence of signal in lacrimal gland (asterisk).
PCNA signal is also visible in basal layer epidermal cells. (IHC
staining, DAB, hematoxylin counterstaining, X40).

cells of lacrimal gland. Lacrimal gland cells were negative
for PCNA (Fig. 1). In epidermis, the signal was found
mainly in the cells of the basal layer (Figs. 1 and 2).

Rb protein expression in transplants of rat fetal
lacrimal gland

Rb protein expression was also detected in rat fetal
lacrimal gland transplants. It was found as an intranuclear
signal restricted to several cells scattered through the
transplant. It seems that lacrimal gland ducts did not con-
tain Rb protein (Figs. 3 and 4).

Fig. 3. Retinoblastoma protein (Rb) expression in the rat fetal lac-
rimal gland transplant under renal capsute. Intranuclear Rb sig-
nal is visible (arrow). (IHC staining, DAB, hematoxylin counter-
staining, X20).
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Fig. 2. Proliferating cell nuclear antigen (PCNA) expression in the
rat fetal lacrimal gland transplant under renal capsute. PCNA sig-
nal is detectable in the nuclei of epidermal cells (arrow), positive
control. (IHC staining, DAB, hematoxylin counterstaining, X20).

Discussion

The expression of PCNA and Rb protein was detect-
ed in rat fetal lacrimal gland grown in a newly established
model of lacrimal gland organogenesis. Moreover, analyz-
ing protein expression at a single cell level it was possible
to detect differences within the tissues constituting the
transplant, probably as a result of differential expression
of genes which encode for those proteins, similarly as for
Rb protein during mouse development?.

Fig. 4. Transplant of the rat fetal lacrimal gland under renal cap-
sule, negative control. (IHC staining, DAB, hematoxylin counter-
staining, X20).
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PCNA signal was detected in the nuclei of excretory
duct cells and in the epidermal basal layer cells. This in-
dicated that some cells had preserved the ability of prolif-
eration even after the 14-day period. PCNA signal was
absent from the well differentiated epithelial cells of lac-
rimal gland that had obviously exited the cycling compart-
ment. PCNA signal has been correlated with prolifera-
tion?, and is especially abundant in fetal tissues®. It can
be assumed that cells with PCNA expression have not yet
proceeded to the process of terminal differentiation?.

In the present study, intranuclear Rb protein expres-
sion was detected in a number of cells scattered across the
transplant. These cells could be assumed to have passed
through the process of differentiation at the time of de-
tection. The small number of Rb positive cells indicates
the proliferating compartment to be larger than the dif-
ferentiating one in these fetal tissues, similarly to the ob-
servation in fetal testis®.

Studies of an endogenous cell proliferation marker such
as PCNA and a tumor suppressor gene such as Rb could
prove relevant for the clarification of the pathologic pro-
cesses in lacrimal gland, e.g., tumors®# or dry eye syn-
drome®-.
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Sazetak

EKSPRESIJA NUKLEARNOG ANTIGENA STANICNE PROLIFERACIJE I PROTEINA RETINOBLASTOMA
U PRESADENOJ FETALNO]J SUZNOJ ZLIJEZDI STAKORA

A. Katusic, 1. S’elmzm, F Bulic-Jakus, G. Juric-Lekic, M. Viahovid i K. Kratochwil

Razvijen je model ektopi¢ne organogeneze fetalne suzne zlijezde Stakora za ispitivanje organogeneze suzne Zlijezde.
"To je postignuto presadivanjem suzne zlijezde ispod bubrezne kapsule. U presatcima je procjenjivana ekspresija gena
tumorske supresije retinoblastoma (Rb) i jezgrenog antigena proliferirajuéih stanica (PCNA) na razini bjelan¢evina.
Oc¢i fetusa Stakora starih 17 1 20 dana izolirane su pod disekcijskim mikroskopom. Suzne Zlijezde su pronadene i pre-
sadene pod bubreznu kapsulu odraslog muzjaka. Nakon 14 dana su presatci rutinski pripravljeni za imunohistokem-
ijsku analizu. Za otkrivanje monoklonskog misjeg anti-PCNA 1 monoklonskog misjeg anti-humanog proizvoda gena
retinoblastoma uporabljen je DAKO Animal Research test (peroksidaza). U presatcima su se razvile teratomu sli¢ne
strukture koje su sadrzavale epitelne stanice suzne Zlijezde i kanale, te epidermis. Signal PCNA otkriven je u jezgrama
stanica odvodnog kanala, te u stanicama epidermnog bazalnog sloja. Time je pokazano kako su neke stanice presatka
zadrzale sposobnost proliferacije i nakon 14-dnevnog razdoblja. Signal PCNA bio je odsutan u dobro diferenciranim
epitelnim stanicama suzne Zlijezde. Unutarstani¢na ekspresija proteina Rb otkrivena je samo u nekoliko razasutih stan-
ica, $to pokazuje da je proliferirajuci odjeljak u fetalnim tkivima obi¢no ve¢i od diferencirajuceg odjeljka. Procjena ek-
spresije PCNA 1 gena Rb mogla bi biti vazna za poja$njenje patoloskih procesa u suznoj zZlijezdi, kao Sto su tumori ili
sindrom suho g oka.

Kljuéne rijeci: Suzni aparar — embriologija; Kultura organa; Protein retinoblastoma — analiza; Zivotinja

Acta clin Croat, Vol. 43, No. 2, 2004 215



