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RESUMO

As celules natural killer uterinas (NKu) constituern uma populaggo linfocitéria transitdria,
presente no ttero de humanos e roedores durante 2 gestacdo. O ambiente uterino, no inicio da
gestagao, parece ser determinante na migragsio e diferenciagdo, assim como, na supressio da atividade
citolitica destas células, que atuam em outras localidades na resposta imune inata, Porém, os fatores
ou os mecarsmos envolvidos nestes processos celulares, das NKu, néo foram ainda elucidados. As
caracteristicas fenotipicas e constitutivas asseguram a similaridade das NKu com as NK circulantes
(NKc), porém, diversos ensaios apontam a primeira como sendo uma provavel subclasse de células
NK. No presente estudo, estabeleceu-se um método citoquimico utilizando-se a lectina DBA
(Dolichos biflorus) como um marcador altamente seletivo para as células NKu de camundongos, que
permite distingui-las das células NK circulantes e das demais populagBes linfocitarias, por néo
apresentar reatividade cruzada. Com este marcédor, foi pﬁssivel identificar morfologicamente os
subtipos correspondentes aos estagios de maturacio, bem como, estabelecer de forma precisa a
incidéncia e localizac@o das NKu no iitero ao longo da gestagio. Ao contrario dos imunomarcadores
utilizados até entdio, que apresentavam limitagdes (restritas a algumas linhagens de camundongos, ou
que reconheciam apenas as formas maduras ou imaturas), a lectina DBA mostrou ser um marcador
universal para as células NKﬁ de camundongos, além de reagir com formas imaturas e plenamente
diferenciadas destas células.

Com: o intuito de se elucidar a agiio do estrégeno diretamente sobre as células NKu, utilizou-
se animais geneticamente modificados juntamente com métodos imunocitoquimicos e moleculares
para identificar a possivel expressio de receptores de estrégenos (ERa e ERB) nestas células. A

medula 6ssea de animais deficientes em receptores de estrégenos o e B (BR-KO ae B) foi

transplantada em camundongos imunodeficientes B6-Rag-2"/yc™ (T"B", NK). O isolamento e



purificagdo das células Nku pelo método lectina DBA-biomagnético, tornou-se possivel apos ter
sido constatado que a mesma reage de forma especifica com o glicoconjugado presente na superficie
das celulas NKu. Os testes de RT-PCR realizados com as NKu isoladas demonstraram a auséncia de
receptores de estrogeno o e B nas células NKu de camundongos, revelando que o horménio estrégeno
néo seria o indutor que atua diretamente na migragio, proliferacdo ou diferenciacio destas células no
ambiente uterino

Com o fito de investigar se as NKu constituem um subtipo especializado de células NK,
avaliou-se as expressdes dos genes de 14 receptores 1.Y49 e do DAP12, através do RT-PRC em
tecidos mesometriais dissecados de camundongos virgens, prenhes, normais e geneticamente
modificados deficientes em linhagens de linfécitos. Uteros virgens de C57Bl/6] (B6), randombred
(predominante H-2°) scid/scid, B6-1L-15" ¢ B6 nu/nu expressaram DAP12 e um repertério parcial de
Ly49. A prenhez induziu a expressdo de receptores inibitérios adicionais em todas as linhagens
estudas. No utero de camundongo B6 virgem os receptores de ativagio LY49D e LY49H foram co-
expressos com os mibitorios LY49 I, J ¢ Q. No inicio da gestagio (dg6), foi observada a expressio de
genes para um repertdrio extenso de Ly49, que prossegue até a metade da gestagfio, os quais devem
estar relacionados com a diferenciagfo e comportamento das NK no utero.

O conjunto destes experimentos e 0s respectivos resultados foram organizados em trés
capitulos distintos, redigidos na forma de trés artigos cientificos ja submetidos para publicagio em
revistas especializadas da area.

Saliente-se que partes deste trabalho foram desenvolvidas no laboratério da Profa. Dra.

Barbara Anne Croy, University of Guelph, ON, Canada.

ix



iNDICE

Capituio I i
INITOQUGEAD. ...ttt r e s s st et et eat e e ene e ereanene 2
OBJEEIVOS .ottt ettt ettt ettt et e 6
RELETRIICIAS. ...ttt ettt b b nsan bt eaens 6
Capitalo II 12

Title: Subset Classification of Mouse Uterine Natural Killer

Cellsby DBA Lectin Reactivity.....coviuie i 13
ADSITACT. . e e 14
Introduction. . ... ... 15
Material and Methods. ... 16
RESUES. 21
DS CUSSIOTE 1ottt ettt e e e e 25
ReETenCeS. ..o e 29
AcknowledgIments. . ... ... 33
Figure Legends. . ... 34
BIgUre L e 36
B gUTE 37
BagUTE B s 38
I gUEE A 39
BIguTe S 40



Capitulo 1 41

Title: Functional Analysis of Murine Uterine Natural Killer Cells

Genetically Devoid of Estrogen Receptors.........ovveuveieeiiiiii e, 42
ADSITACT. 43
Introduction. ..o 44
Matertal and Methods........oooi i 48
ResUlts. L, 52
DHSCUSSION. ...t e e 54
Acknowledgments. .. ... 57
RELETEIOES. ..ottt e 58
Figure Legends. ... 65
Figure 1o 69
g . 70
BT B e 71
B gUrE A 72
BIUTE S 73
BIgure G 74
Capitulo IV 75

Title: LY49 Gene Expression by Natural Killer Cells Localized

to Mouse ULerts. ... 76
A DSITaC . e 77
Introduction. ... ... 78
Material and Methods........oooooiiiiii e, 80

X1



Results and DisCUSSION. ...t e 83

RefeTences. . ... 88
AcKnowledgIments. ... e 95
Figure Legends. ... 96
FIgure 1o 98
Bagure 2. 99
B gUIE 3 106
BagUIE 4. 101
Capitule V 102
COnCIUSOES. ..., 103
ATEXO Lo e, 1064
ANBXO 2. e, 105
ADIEX0 B e 106

X1i



CAPITULO-1




I- INTRODUCAO

No ttero de roedores e humanos, durante a gestacio, é observado um grande influxe
transitdrio de linfécitos. Estudos de imunofenotipagem em roedores e humanos revelaram que estas
células assemelham-se as células Natural Killer circulantes (NKc) (Bernard et al, 1978; Mukhtar, et
al, 1989; Readline ¢ Lu, 1989; Linnemeyer ¢ Hamilton, 1990; King e Loke, 1991; Croy ¢ Kiso, 1993;
Head, 1996; Loke ¢ King, 2000). Em camundongos, a caracterizacio inequivoca de que estas células
uterinas pertencem & linhagem linfocitaria NK (NKu) foi obtida através de uma série de
experimentos, utilizando diversos animais geneticamente modificados imunodeficientes,
transplantados com células de érgfos linféides primarios e secundérios (Croy e Kiso, 1993; Guimond
et al, 1997; Croy et al, 2000; Greenwood et al, 2000; Chantakru et al, 2002,). Em humanos, as c¢élulas
NK CD56+, CD16", CD3 parecem ser andlogas as células NKu de camundongos, € representam mais
de 70% dos leucdcitos encontrados durante a fase secretéria do endométrio e na decidua durante a
fase inicial da gestacdo (Loke e King, 2000).

Apesar das comprovagbes experimentais da origem extra-litero destas células, a partir de
orglos linféides secundérios (Chantakru et al, 2002) ¢ que migram para o utero transitdria e
exclusivamente durante a gestagiio (Stewart ¢ Peel, 1980; Peel, 1989; Delgado et al, 1996), ndo se
conhece quais mecanismos ou fatores induzem esta migrago para o ambiente uterino, assim como,
quais seriam os fatores que induzem a sua proliferagio ¢ diferenciacio neste ambiente.

Quanto a4 atividade funcional destas células na gestacdio, a tnica comprovada
experimentalmente € a sintese e liberagfio do interferon-gama (Ashkar e Croy, 1999; Ashkar et al,
2000), tendo esta, uma importante agio na vascularizagio, e na manutengdo da decidua e da placenta

fetal. Se o papel funcional das células NKu na gestacio restringe-se, ou ndo, apenas a produgio de



citocinas para a manutencio do ambiente uterino, propicia ac desenvolvimento embrionério ¢ fetal, é
uma guestio polémica. Em se tratando de uma populacio celular que, apresenta todo o arsenal de
substancias citoliticas nos seus grénulos descritos para as NKc (Peel, 1989; Parr et al., 1990; Croy et
al., 1997%), por conseguinte, compdem também os quesitos necessarios para atuarem potencialmente
na resposta imune do tipo inata. No entanto, ndc ha relatos que comprovem a atuagio das NKu em
atividade citolitica, o que torna intrigante a compreensio de quais mecanismos estariam relacionados,
tanto no controle. da sua quiescéncia (inibi¢Zo), quanto na induglo da atividade citotoxica no
ambiente uterino durante a gestagio.

Verifica-se neste momento o rapido e crescente avanco nos conhecimentos acerca das células
NK, os quais tem sido determinantes para caracterizar a populagio de células NK do ambiente uterino
através das semelhangas com as células NKc. Porém, os estudos meramente comparativos entre as
NKc em geral com as NKu, atingiram o seu nivel limitrofe ao ndo permitir identificar o que estas
ultimas apresentam de peculiar e especifico. Esta limita, por sua vez, as estratégias para elucidar ¢
explicar a participa¢io funcional das NKu na gestagdo. Desta forma, € notdrio que, um dos fatores
limitantes neste avanco € a inexisténcia de um marcador celular especifico para as células NKu de
camundongos, assim como, a falta de um conjunto metodoldgico que permita isolar e purificar esta
populagdo celular, para o desenvolvimento de ensaios “in vitro” de maior precisdo.

No contexto acima e com 0 intuito de coniribuir para a compreensfo da biologia das células
NK presentes no ambiente uterino durante a gestagdo, o presente trabatho focalizou trés conjuntos de
experimentos, cada qual com estratégias definidas de acordo com os objetivos estabelecidos.

No primeiro, constante do capitulo 1I, intitulado “Subset classification of mouse uterine
Natural Killer cells by DBA lectin reactivity” procurou-se identificar um marcador especifico para as

células NKu de camundongos.
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Os relatos sobre a afinidade das células NKu de camundongos para com algumas lectinas
(Damganov e Damjanov, 1992; Stewart and Webstar, 1997) nortearam os trabalhos de Correa da Silva
(1997), que demonstrou a lectina Dolichos biflorus (DBA) como sendo aquela seletiva para as células
NKu. Baseado nestes dados, foram realizados experimentos para avaliar quio especifica seria a
reacdo lectina DBA-células NKu, para a identificagio morfoldgica, localizagio e distribuigio no
ambiente uterino.

No capitulo III, intitulado “Functional Analysis of Murine Uterine Natural Killer Cells
Genetically Devoid of Estrogen Receptors”, procurou-se responder, de forma definitiva, se ocorre a
aclo direta do estrogeno sobre as células NKu de camundongos. Esta guestdo mereceu atencio, em se
considerando que a migragio das formas precursoras das NKu para o ambiente uterino ocorre
exclusivamente na gestacio em camundongos (Stewart and Peel, 1980; Peel, 1989; Zheng et al, 1991;
Croy et al, 1997°) e ainda, pelo pressuposto de que o estrégeno poderia estar relacionado também
com a proliferagéo e diferenciagiio das células NK no ambiente uterino (Stewart, 1987 Peel, 1989).
Estudos utilizando RT- PCR e células de hibridoma, formado de células NKu e células SP2/0,
demonstraram que estas células resultantes expressaram receptor de estrégeno o (ERo) (van den
Heuvel et al., 1996). No entanto, Ogle e colaboradores (1997) relataram a expressio de receptores de
estrogeno (ER) e receptores de progesterona (PR) na decidua basal dos sitios de implantagdo através
de imunocitoquimica, porém, a reagdo positiva nfo foi observada nas células NKu. Os relatos
existentes s3o portanto conflitantes, além de inconclusivos se considerado que, os receptores de
estrégenos apresentam dois isotipos, os ERa e ERpB (Nilsson et al., 2001)

Para elucidar esta questo adotou-se a utilizag3o de animais geneticamente modificados, com
genes dos receptores de estrogeno « e 3 depletados (ERKO o ou B,) como doadores de transplantes

de medula 6ssea para camundongos recipientes também geneticamente modificados, estes deficientes



em linfocitos. As andlises morfologicas do utero reconstituido e o RT-PCR, realizado a partir de
células isoladas pelo meétodo lectina DBA-magnético, comprovam que o estrdgeno nio atua
diretamente sobre as células NKu de camundongos.

No capitulo IV, intitulado “LY49 Gene Expression by Natural Killer Cells Localized to
Mouse Uterus”, procurou-se determinar a expressiio temporal dos genes da familia 1LY49 durante a
gestagdo. Os receptores da familia Ly-49 presentes nas NKc¢ de camundongos sdo funcionalmente
analogos aos KIR (Killer imunoglobulin-like receptors) de humanos (Brennan et al, 1996; Hiby et al,
1997; King et al, 2000; Raulet et al, 2001; Trowsdale, 2001), os quais sio receptores do tipo
imunoglobulina, envolvidos na regulagio da citotoxicidade de NK. (Lanier, 1998; Raulet et al., 2001;
Trowsdale, 2001). As Nku de humanos expressam um repertdrio completo de receptores KIR ( Hiby
et al., 1997; Verma et al, 1997), Camundongos C57B1/6 (B6) possuem 11 genes funcionais € 5
pseudogenes para 1.Y49, contidos no cromossomo 6 (Yokoyama e Seaman, 1993; Lanier, 1998;
Smith et al, 1994; McQueen et al, 1998; Raulet et al, 2001; Makrigiannis et al, 2002). A ligacio do
MHC I ao Ly49A, C ou G inibe a citotoxicidade das células NK, enquanto se ligado ao LY49D ativa
esta citotoxicidade (Mason et al, 1996; Makrigiannis et al, 2002). Os 1.Y49D e H associam-se com
uma molécula também envolvida na ativagio das NK denominada DAP-12 (Mason et al, 1996; Smith
et al, 1998). Esta familia de genes LY49 tem, portanto, uma diversidade de agiio nas NK, mas cuja
expressdo ndo fora ainda determinada para as células do ambiente uterino. Neste experimento,
determinou-se a expressdo de 14 genes da familia 1.Y49 ¢ de DAP12 nos tecidos de diversas regides
do mesomeétrio por meio do RT-PCR, para avaliar as possiveis variagdes de expressdo destes genes,
de acordo com a regido e periodo de gestagdo, estabelecendo as suas implicagdes na modelagio
funcional das NKu.

O conjunto destes experimentos, apresentados nos capitulos subsequentes, resultou cada qual



em artigos cientificos submetidos para publicagdo. Por esta razdo, cada capitulo apresenta formatagio

especifica, de acordo com as normas editoriais das revistas.

2- OBJETIVOS

Os objetivos do presente trabalho foram:

- Caracterizar a lectina Dolichos biflorus (DBA) como potencial marcador seletivo para as
células Natural Killer uterina (NKu) de camundongos e através deste marcador, restabelecer

os pardmetros morfologicos de identificagio, incidéncia e distribuicio das NKu na gestacio.

- Avaliar a expressdo de receptores de estrégeno o ¢ P através do RT-PCR em células NKu
isoladas ¢ a relagio deste horménio com migragio, proliferago e diferenciacio das células

NK no ambiente uterino.

- Determinar o padrdo de expressdc dos genes da familia LY49 nas células NK e em outros
compartimentos do ttero, comparados entre periodos de gestacdo diferentes e, entre

camundongos normais e geneticamente modificados com delegdo de populagdes linfocitarias.
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ABSTRACT

Uterine Natural Killer (uNK) cells are a transient lymphoeyte population found in the
pregnant uteri of human and rodents. The pregnant uterine environment appears to
influence migration, differentiation and suppression of the cytolytic activation of uNK
cells but the mechanisms involved in these processes are not well understood.
Similarities to circulating NK (cNK) cells are limited. The present study sought to
discrimate uNK cells from cNK cells in mice by identification of 2 unique uNK cell
marker. Dolichos biflorus (DBA) lectin, which has high selectivity for glycoconjugates
containing N-acetyl D-galactosomine in the terminal position, reacted with the plasma
membranes of mouse uNK cells. DBA lectin did not react with other uterine
lymphocytes or with ¢NK cell surfaces in Swiss, CBA-J, C57BL/6, SJL, BALB/¢, DBA-
2 mice strains. DBA lectin staining was useful for both light and electron microscopy
and distinguished 4 uNK cell subtypes that appear to be stages of differentiation.
Quantitative evaluation of these 4 uNK cell subtypes over early to late gestational times
showed dynamic changes between immature and mature forms in different compartments
of the implantation sites and indicated the occurrence of microdomains in the uterus
capable of controlling uNK cell proliferation and differentiation. This is the first report
showing mouse uNK cells expressing specific molecules not found in other NK cells.
Use of this reagent should enhance studies of earlier, non-granulated forms of uNK cells
and provide new strategies for purification of mouse uNK cells for fimctional and

molecular studies.
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INTRODUCTION

In murine and human pregnancy are characteristics the influx of large numbers of NK
lymphocytes in the uterus. These pregnancy-associated uterine NK. cells (uNK) differentiate from
progenitor cells derived from lympho-haematopoietic tissues outside of the uterus, particularly
secondary lymphoid organs (Chantakru et al, 2002). In mice, a few, small, agranular lymphocytes
appear around the 5" gestation day (gd) in the mesometrial region of each implantation site
(Zheng et al, 1991; Croy et al, §997b). As gestation advances, these cells proliferate, differentiate
and enlarge to become cells up to 50 wm in diameter. The enlarged cells have abundant
cytoplasmic granules (Stewart and Peel, 1981; Head, 1996) and accumulate in mesometrial
lymphoid aggregate of the pregnancy -MLAp (Croy, 1999) also called metrial gland (Wislocki et
al, 1957; Stewart and Peel, 1980). UNK cells are transient because they are not seen in the uterus
after parturition (Stewart and Peel, 1980; Peel, 1989; Delgado et al, 1996).

Immunophenotyping studies in both rodents and humans indicate that these pregnancy-
associated transient lymphocytes resemble some peripheral NK cell subsets (Bernard et al, 1978;
Mukhtar, et al, 1989; Readline and Lu, 1989; Linnemeyer and Hamilton, 1990; King and Loke,
1991; Croy and Kiso, 1993; Head, 1996; Loke and King, 2000). The unequivocal identification
of these cells as NK lineage was demonstrated in a very elegant series of experiments using
several strains of genetically-modified, lymphocyte deficient mice and transplantation of cells
collected from primary and secondary haemopoietic organs (Croy and Kiso, 1993; Guimond et al,
1997; Croy et al, 2000; Greenwood et al, 2000; Chantakru et al, 2002,). Human uterine CD56+,
CD167, CD3™ NK cells appear to be analogous to mouse ulNK cells, and represent >70% of the
leukocytes found in late secretory phase of endometrium and in early gestational decidua (Loke

and King, 2000). These cells express a full repertoire of KIR (Killer imunoglobulin-like

i5



receptors) (Hiby et al, 1997), which are Ig-like receptors involved in the regulation of NX cell
cytotoxicity (Lanier, 1998; Raulet, Vance and McMahon, 2001; Trowsdale, 2001). The LY-45
family receptors in mice are functionally analogous to human KIR (Brennan et al, 1996; King et
al, 2000; Raulet et al, 2001; Trowsdale, 2001) but thorough analysis of these receptors is not vet
reported on mouse uNK cells.

The function of uNK cells in the pregnant mouse uterus has been suggested using
knockout mice. UNK cells are responsible for Interferon-y (IFN-Y) production (Ashkar and Croy,
1999} and the absence of either uNK cells or IFN-y, prevents the normal, pregnancy-induced
changes in endometrial blood vessels known as spiral arteries, and reduces decidnal integrity.
Neither uNK cells nor IFN-y are required for fetal survival to term (Ashkar and Croy, 1999;
Ashkar et al, 2000).

The relationship of the uNK cell to other cells involved in innate immune responses is an
intriguing question since, in uNK cells, cytolytic activity is not triggered with IFN-y production
(Stewart and Peel, 1993). A persisting difficulty in studying uNK cells is the absence of specific
cell markers to readily distinguish uNK from other NK cells. Such markers could provide
methods for isolation and purification of this cell population from the mouse uterus. Here we
report the Dolichos biflorus (DBA) lectin is a very selective and sensitive reagent for

discriminating mouse uNK cells from all other lymphocytes.

MATERIAL AND METHODS

Animals

16



Randombred (Swiss) and inbred (CBA-I, C57BL/6, SIL, BALB/c, DBA-2) female mice were
purchased from Animal Laboratory facility of University of Campinas (CEMIB/UNICAMP) and
mated with males of the same strain. The moming of vaginal plug detection was considered
gestation day (gd) one. Virgin or pregnant mice on desired gd were sacrificed by perfusion with
fixative solution after deep anesthesia with ketamine (Virbac, Brazil) and xylazine chioridrate

{(Virbac, Brazil). All animal handling and euthanasia were conducted under approved protocols.

Tissue Processing for Light Microscopy

To collect tissues for light microscopy virgin and pregnant (5% to 17® gd) mice were perfused
through the left ventricle with 30mL of 4% paraformaldehyde (Sigma, St. Louis, USA) in 50 mM
phosphate buffer-saline (PBS) fixative solution. The uteri from both pregnant and virgin mice of
all strains were dissected and processed for conventional paraffin embedding. In the same way,
the thymus, spleen and lymph nodes of virgin Swiss and C57BL/6 mice were collected and
processed for paraffin embedding.

Paraffin embedded uterus of pregnant Rag~2"’ ”/yc"’f " double knock-out mice (B, T', and
NK deficient) and Rag-Z”"fyc"‘/ " mice transplanted with bone marrow cells from ICR scid/scid (B,
T, and NK) or C57BL/6 mice were kindly donated by Dr. Anne Croy (University of Guelph,

Canada).

Tissue Processing for Electron Microscopy

17



To collect material for ultrastructural analysis, pregnant mice (8® and 10" gd) were perfused with
30ml f{ixative sclution comprised of 2% paraformaldehyde, 1.5% glutaraldehyde (EM Science,
USA) and 0.1M sucrose in 100 mM PBS, pH 7.4. Implantation sites were dissected, washed in
PBS, post fixed with 1% OsO, and further processed for conventional epoxy resin (Epon,
PolyScience Inc, USA) embedding. Ultrathin sections were collected on copper grids, stained
with uranyl acetate and lead citrate (Fluka, Switzerland) and examined with LEQ EM906
transmission electron microscope at 80kVA.

For ultrastructural cytochemistry, pregnant mice (8 and 10 gd) were perfusion fixed with
30mL of 4% paraformaldehyde, 0.2% glutaraldehyde and 0.1M sucrose in 100 mM PBS, pH 7.4
solution. After washing with 50 mM PBS, the samples were dehydrated with N'N’-
dimethylformamide and embedded with LR-White resin (Sigma, St Louis, USA) at ~20°C and
UV polymerization in a freeze-substitution unit (FSU10, BAL-TEC, Swiss). Ultrathin sections

were collected on nickel grids for cytochemistry.

DBA Lectin Cytochemistry

Light Microscopy: Paraffin sections of virgin and pregnant uteri of randonbred Swiss (5" to 17
gd), and inbred CBA-I, C57BL/6, SIL, BALB/c, DBA-2 mice (8 or 10™ gd),

Rag-2"/yc” and Rag-2""/yc™ mice transplanted with scid/scid (10 gd), and lymphoid organs
(spleen, thymus and lymph nodes) of virgin Swiss and C57BL/6 mice were used. Deparaffinized
sections were re-hydrated and treated with 0.3% hydrogen peroxide for 30 min. After washing
with 50 mM PBS, the sections were incubated with 1% bovine serum albumin (BSA) in 100 mM

PBS for 30 min, followed by biotinylated-Dolichos biflorus (DBA) lectin (Sigma, St. Louis,
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USA), diluted 1:150 in 1%BSA-PBS, incubation overnight at 4°C. The PBS washed sections
were reacted with streptoavidin-peroxidase (Chemicon, USA) for 30 min at room temperature
and revealed with 3,3-diaminobenzidine (Sigma, St. Louis, USA) in 50 mM TBS containing
0.1% hydrogen peroxide. The sections were counter-stained with Harris’ hematoxylin and
mounted with Entellan (Merck, Germany). Alternatively, it was used FITC-conjugated DBA
lectin (Sigma, St. Lows, USA) for fluorescence microscopy on paraffin sections. After re-
hydration and blocking with 1% BSA/PBS for 30min, the sections were incubated with DBA-
FITC, diluted 1:100 1n 1% BSA/PBS, for 60min at room temperature, washed in uitrapure water
and mounted with anti-fading medium (Vectashield, Vector Co, USA). DBA lectin specificity
controls was performed by adding, 0.1 M N-acetyl, D-galactosamine (GalNac, Sigma, St. Louis,
USA) into the DBA lectin solution or omitted the step of DBA lectin incubation.

Electron Microscopy: LR-White embedded ultrathin sections collected on nickel grids were
quickly washed with 50 mM PBS, treated with 1% BSA-PBS for 30 min. and then incubated with
biotinylated-DBA lectin (Sigma, St Louis, USA) diluted 1:300 in 1% BSA-PBS overnight ina
humidity chamber at 4°C. After washing in 50 mM PBS, grids were incubated with streptavidin-
gold 5 nm (Amersham, UK) for 30 min, washed with ultrapure water and uranyl-lead stained.

Specificity control was 0.1 M GalNac mixed with the DBA lectin solution prior to its use.

Periodic Acid Shiff (PAS) Histochemistry

Paraffin sections of Swiss and C57BL/6 pregnant mice uteri (8® and 10% gd) were used for PAS

staining after amylase treatment. The deparaffinized and re-hydrated sections were treated with

0.1% a-amylase (Sigma, St. Louis, USA), 30 min. at room temperature, washed and than
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processed for conventional periodic acid-Shiff staining, counterstained with hematoxylin and

mounted with Entellan.

Proliferating Cell Nuclear Antigen (PCNA) Immunocytochemistry

Paraffin sections of uteri from Swiss and C57BL/6 mice (7 to 12" gd) were used for PCNA
immunostaining to detect dividing cells. Deparaffinized sections were incubated with rabbit
polyclonal anti-PCNA (Chemicon, USA) followed by TRITC-conjugated goat anti-rabbit 1gG
(Vector, USA). After washing, the sections were stained with FITC-conjugated DBA lectin
(Sigma, St. Louis, USA) and mounted with anti-fading medium (Vectashield, Vector Co., USA).
The analyses were performed with fluorescence (A=520 and 560 nm) and differential interference
contrast (DIC) microscopy. Images were recovered with digital imaging system (CoolSnap,

Media Cybernetics, USA).

Morphometry and Stereology

Samples of sections stained with DBA lectin/streptavidin-peroxidase were used for morphometry
and stereological distribution analyses of DBA-reactive cells in the pregnant uterus (%10 17®
gd). For stereological evaluation, tree sections from 3 different implantation sites of 3 different
animals for each gestational day were random chosen. The DBA lectin stained uNK cell subtypes
were enumerated in a constant test area (TA=21.8x10* um?) by setting an eyepiece with Imm?2
graticule and 50X objective in a bright field microscope. Quantitative data were submitted to

SAS computer statistic evaluation by Duncan’s multiple range test for density. Significance was
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considered at p<0.01. DBA lectin-positive cells in the placenta and within blood vessels were
not included in the counts. To estimate the size of DBA lectin-positive cells, a screw micrometer
eyepiece (ZEISS, Germany) and 100X objective previously calibrated with standardized scale
were used. Diameters of at least 50 cells from each four morphological categories of DBA. lectin-

positive cells were measured in 10 gd samples.

RESULTS

Characteristics of DBA Lectin-Reactive Celis by Light Microscopy

DBA (Dolichos biflorus) lectin cytochemistry performed on sections of pregnant mouse uterus
showed a selective reaction pattern on cells localized restrictedly at mesometrial side (Fig.1a) at
all gestation days, not found in the virgin uterus. The DBA positive reactions were localized by
light microscopy to cell surfaces and to the cytoplasmic granules (Fig. 1b, 1c), which were
completely inhibited by GalNac (Fig. 1d). DBA lectin reactivity occurred in the same cells that
were in adjacent sections amylase resistant PAS-positive granules (Fig. 1e). These PAS-positive
cells were formerly known as granulated metrial gland cells (GMG) and currently, as uterine NK
cells. The DBA lectin-positive cells were restricted to mesometrial side of each implantation site
including the mesometrial lymphoid aggregate of pregnancy (MLAp) and were found in all
immune-competent mice strains tested (Swiss, CBA-J, C57BL/6, SJL, BALB/c, DBA-2).
However, no DBA-positive reaction was seen on cells of thymus, spleen or lymph node (Figs. 1f,
1g). These evidences suggested the high selectivity of DBA lectin to recognize uNK cells.

The Rag” /yc” mice, which are alymphoid, had no DBA lectin-positive cells in the

pregnant uterus (Fig. 1h), but the positive cells were seen in those Rag” /yc™ recipient mice
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restored with bone marrow from SCID donors or BM/lymph node cells from C57Bl/6 wild type
doners (Fig. 11), confirming the affinity and specificity of DBA lectin to mouse ulNK cells.

Reaction was occasionally seen on endothelial cells of some capillaries and small veins
(data not showed) present in non-decidualized endometrium, and on endothelium of large veins
in the myometrial and mesometrium (broad ligament) both in virgin and pregnant uterus.

Four morphological subtypes of uNK cells always DBA lectin-positive, with
heterogeneous chromatin compactness and cytoplasmic granules contents, were found in the
pregnant uterus. Their distinct features correlated to their size (diameter). The subtype I cells
were round, small Iymphocyte-like cells (9 +3 pm) without gramules. These cells had a round
nucleus and were strongly DBA lectin-positive at the cell surface (Fig. 2a). The subtype II cells
were slightly larger (1312 pm), DBA-positive at cell surface and had a few DBA- positive
cytoplasmic granules (Fig. 2b). Subtype III cells were much larger (267 pm), with round
euchromatic nuclei, heavily granulated and still maintained a round-shape. A strong DBA lectin-
positive reaction was found on both the granules and surface of subtype III cells (Figs. 1b, 1c,
2¢). Subtype IV cells were the DBA lectin-positive largest granulated cells (3044 um). Many
had abnormally condensed chromatin (apoptotic-like) in the nucleus and the DBA lectin-positive
granules were distributed in the vacuolated-like cytoplasm (Fig. 2d). These subtypes were not

randomly distributed in the uNK cell enriched region through the gestation days.

Ultrastructural Features of DBA Lectin Reactive Cells

The four subtypes of DBA-positive uNK cells were also distinguished ultrastructurally. Subtype

I cells were small round cells with scattered cytoplasm containing few membranous organelles
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restricted to rough endoplasmic reticulum and nucleus with large clumps of condensed
chromatin. No granule or Golgi complex cisternae were seen (fig 3a).

Subtype II DBA-reactive uNK cells were round-shaped cells with a round nucleus that
still contained clumps of condensed chromatin. The rough endoplasmic reticulum (RER)
cisternae were randomly distributed and Golgi complex cisternae were seen assembled nearly to
centrosomes (Fig. 3b). A few secretory lysosome type granules (Fig. 3f) were found in the
cytoplasm around the Golgi cisternae. Microvilli and phylopodia-like projections were often seen
at the cell surfaces.

Subtype III DBA lectin positive uNK celis were large cells with indented nuclei. The
nuclei were packed with euchromatin and conspicuous nucleoli (Fig. 3c). Typical secretory
lysosome granules with homogeneous central core and peripheral electron dense areas containing
densely packed microvesicles were distributed preferentially near the well-organized Golgi
complex cisternae (¥ig. 3¢, 3¢, 3f). The size, shape and compactness of the granules varied but a
common feature was their double compartmentalization with a peripheral electron dense cap
containing microvesicles and a homogeneous core. The RER were widely distributed in the
glycogen rich cytoplasm. Pseudopodia-like and large cell projections were seen in close contact
with stromal or endothelial cells (Fig. 3¢), but no membrane mediated cell junctions were seen
between uNK cells or other cell types.

Subtype IV DBA- positive uNK cells were characterized as large and irregularly shaped
cells with numerous granules, resembling those in subtype III cells, distributed in the cytoplasm.
The cytoplasm usually showed large electron lucent areas, probably due to glycogen extraction.
The RER were packed in a parallel array and their contents were more electrondense. Golgi
complex cisternae were less evident and the round nucleus showed thin clumps of chromatin in

an apoptotic-like profile (Fig. 3d). The DBA lectin-goid both labeled the membranous caps and
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electrondense core contents of granules, as well as, the cell membrane at its extra cellular surface

(Figs. 3g, 3h). Thus, it is a useful reagent for study uNXK cells at uitrastructural level,

Distribution and Quantification of DBA Lectin + uNK Cells

DBA-positive uNK cells were not found in the uterus of virgin mice or until 4® gd. After 5% ad,
DBA- positive uNK cells were seen exclusively in the mesometrial side of each implantation site.
Due to the continuous anatomical modification of the uterus during gestational, four arbitrary
anatomical regions were defined to quantify the distribution of uNK cell subtypes within the
mesometrial tissue (Fig. 4). Distribution of each cell subtypes within each region between 57 to
17"™ gd is shown in Figure 5.

Subtype I uNK cells were first found in the region 2 on 5% gd (2/TA) and than in the
region 1 on 6™ gd (9/TA). Here, they increased gradually in number reaching their peak on 10™
gd (67/TA). In region 2, the highest numbers of subtype I cells were observed on 8% gd (32/TA)
and then declined gradually. In regions 3 and 4 this subtype was rarely found only on 8" gd.

Subtype IT uNK cells were first seen in region 2 on 5% gd (1 .8/TA). Their numbers
peaked in this region on 8" gd (170/TA), and they decreased, disappearing completely at 12% ¢d.
In region 1, subtype II was found after 6 gd (12/TA), and numbers increased on 9™ to 10® gd
(107/TA) and suddenly decreased on 12 gd (2/TA). Inregions 3 and 4, a few subtype II cells
were observed by 6™ gd. They increased progressively until 9% gd (27/TA), but in a quarter
amount if compared to region 1. Then, this subtype decreased gradually and did not disappear
from these regions until 17" gd.

Subtype III uNK cells were only found after 6" gd in regions 2, 3 and 4. The greatest
numbers of this subtype were seen in region 3 on 9% gd (100/TA) with a significant reduction in

24



the number of these cells on 10™ gd (48/TA) and a second major drop on 15 gd (4/TA). In
region I a significant number of this subtype was found after 10 (24/TA) and kept until1 7=,
Subtype IV (apoptotic) uNK cells were consistently found after 8% gd in the regions 2
(3/TA), 3 (1.5/TA) and 4 (2.2/TA) and become the most representative form of uNK cells found
in the uterus after 12 gd. The first dramatic gain in the numbers of this subtype occurred on 9™
gd (68/TA) in region 3 and continued on 10 gd (79/TA), but while it gradually decreased
after12® gd in this region, the peak number was seen moved to the region 2 (86/TA). Then, its

numbers declined until gd 17%gd in all regions considered.

PCNA Immunocytochemistry

High amount of PCNA-positive nuclei were seen on pre-decidual and decidualized cells localized
to the antimesometrial side (Figs.2e, 2f) and in the nuclei of uNK cells at mesometrial side (Fig.
2g). Double labeling performed with anti-PCNA and DBA lectin identified subtype I uNK cells
as having the highest proliferative activity (Fig. 2g). Subtype IV cells did not stain with PCNA.
The greatest number of PCNA labeled cells was concentrated in region 2 from 7% to 10® gd.
Only a few of the dually stained uNK cells were localized in region 3 after 8™ gd. No PCNA

labeling was distinguishable in DBA lectin-positive uUK cells after 15% gd.

DISCUSSION

Lectin cytochemical characterization of the pregnant mouse uterus had previously identified uNK

cells, formerly called granulated metrial gland (GMG) cells, as cells positively labeled by
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Dolichos biflorus agglutinin (DBA) lectin and other lectins (Damjanov and