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Exocrinopatia mostrada en el raton hipotimico CD1 et/et
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Abstract

In this paper, the lacrimal and submaxilar glands of the new naked mutant mice known as et/et were
compared to +/+ and heterozygous et/+ mice. Results showed that et/et mice present lower glandular
lacrimal indexes (relative lacrimal gland weights) than +/+ mice (P =0.0061). It was found that et/etand et/
+ showed lower indexes than +/+ mice (P = 0.0002) when comparing glandular submaxilar indexes. When
analyzing the influence of age on the glandular indexes in the et/et mice, it was found that the maximum index
of the lacrimal glands occurred at an age of around 25 weeks, while the smallest occurred at around the 68"
week. Inas regards age and glandular submaxilar indexes, in et/et mice the maximum index was found in the
19" week, with the lowest in the 68" week of life. The males of the et/et group presented higher mean
glandular lacrimal indexes than the females (10.093 vs 4.558), P = 0.0001, whereas no sex differences were
found in the glandular submaxilar indexes, P = 0.132. When comparing absolute gland weights among
differentanimal groups, the results were similar to those found when using relative gland weights (indexes).
In the histopathologic study of the et/et, et/+and +/+ glands, the et/et mice presented different degrees of
leucocyte infiltration, which were moderate (comprised mainly of monocytes and maintaining architectural
detail) after the 20t week of age, and very severe (abundant cell infiltrate and loss of parenchyma) by the 68"
week; whereas et/+ and +/+ animals did not show infiltrated glands at any age. The et/et mice developed
inflammatory exocrinopathy resembling that of patients with Sjoégren’s syndrome.
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Resumen

En este trabajo se estudiaron comparativamente las glandulas lagrimales y submaxilares de los ratones
mutantes desnudos de la cepa et/et, de los et/+ (heterocigdticos) y +/+. Los resultados mostraron que los
indices glandulares lagrimales (pesos relativos de las glandulas lagrimales) son menores en los ratones et/et
comparados con los indices de los ratones +/+ (P = 0.0061). Al comparar los indices glandulares de las
submaxilares se encontré que los et/ety los et/+ mostraron menores indices que los ratones +/+ (P =0.0002).
Alanalizar lainfluenciade laedad enlos ratones et/et sobre los indices glandulares, se encontré que el indice
méximo de las lagrimales estd alrededor de lasemana 25y el menor indice se mostro a las 68 semanas de edad;
enrelacion conlaedady losindices glandulares de las submaxilares, en los et/et se encontro el indice maximo
alas 19 semanas de edad y el menor indice a las 68 semanas de vida. Los machos del grupo et/et presentaron
una media de indices lagrimales mayor a la de las hembras (10.093 vs 4.558), P = 0.0001, mientras que en los
indices de las glandulas submaxilares no se observaron diferencias entre ellos P = 0.132. Cuando se
compararon los pesos absolutos de las glandulas, entre los diferentes grupos de animales, los resultados
fueronsimilares alos encontrados usando los pesos relativos de las glandulas. En el estudio histopatolégico
delasglandulasdelosratoneset/et, et/+y+/+,seencontré que los et/et presentaron glandulas con diferentes
grados de infiltracion leucocitaria moderada (se mostré un infiltrado principalmente de mononucleares,
observandose parte de laarquitecturade laglandula) después de lasemana 20 de viday muy severa (infiltrado
celular muy abundante, con pérdida total del parénquima glandular) en la semana 68 de vida; mientras los
animales et/+y +/+ no mostraron infiltrados en glandulas a ninguna edad. Los ratones et/et desarrollaron
una exocrinopatia inflamatoria que semeja a la de los pacientes con sindrome de Sjégren.

Palabras clave: RATONES ET/ET, GLANDULAS LAGRIMALES, GLANDULAS SALIVALES,
EXOCRINOPATIA,XEROFTALMIA,XEROSTOMIA, SINDROME DE SIOGREN,ENFERMEDAD

AUTOINMUNE.

Introduction

he history of Sjoégren’s Syndrome (SS) dates
E back to 1892 when Johann von Mikulicz
_M_ Radecki described a patient with bilateral
salivary and lacrimal gland growth! Histopatholo-
gy showed atrophy of the acinar parenchyma and
diffuse lymphocyte infiltrate. Later nine new cases
were identified, each with salivary gland growth
which could be attributed to lymphoid cell infiltrate.
In 1933, Herick Sjogren described a concurrent kera-
toconjunctivitis sicca, dry mouth (xerostomia) and
rheumatoid arthritis (RA). This group of symptoms
(siccasymptoms) has since been known as SS.2Bloch
et al. proposed a subdivision of SS into primary and
secondary types? Primary SS (pSS) is not associated
with any other illness, its physiopathology compris-
es chronic lymphocyte infiltration of the salivary
and lacrimal glands mediated by mechanisms of
autoimmunity, and frequently includes non-specif-
ic extraglandular problems, such as pneumonia, in-
terstitial nephritis and thyroiditis. Secondary SS in-
cludes those patients with sicca symptoms associat-
ed to another illness, in particular RA, systemic lu-
pus erythematosus (SLE), scleroderma and dermat-
omyositis?
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Introduccion

os antecedentes del sindrome de Sjogren (SS) se
remontan hasta 1892 cuandoJohannvon Mikulicz

_Jh._.A# Radecki describi6é a un paciente con crecimiento
bilateraldelasglandulassalivalesylagrimales. Elexamen
microscopico mostro atrofia del parénquimaacinar e infil-
trado difuso por linfocitos. Posteriormente se identificaron
nuevos casos con crecimiento de las glandulas salivales
debido a infiltrado por células linfoides. En 1933 Herick
Sjégren describio la asociacion de queratoconjuntivitis
sicca, sequedad de boca (xerostomia) y artritis reumatoide
(AR);estaasociaciondesintomas(sintomassicca) seconoce
como SS.2 Bloch et al. propusieron subdividir al SS en
primario y secundario;® el SS primario (SSp) no muestra
asociaciéncon ningunaotraenfermedad, su sustratofisio-
patoldgicoimplicalainfiltracion linfocitariacrénicade las
glandulassalivalesylagrimalesmediadapor mecanismos
relacionados con laautoinmunidad; con frecuencia el SSp
puede tener manifestaciones extraglandulares no especifi-
cas como neumonitis, nefritis intersticial y tiroiditis. EI SS
secundario incluye alos pacientes con sintomas sicca aso-
ciados con una enfermedad en particular AR, lupus erite-
matoso sistémico (LES), esclerodermia o dermatomiositis.*
La etiologia del SS es desconocida, pero todo proceso
autoinmune requiere la coincidencia de al menos cuatro
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The etiology of SS is unknown but all autoimmune
diseases require the concurrence of at least four well-
documented factors, namely: a) genetic predisposition,
b) an induction factor, which can include anything from
infection with certain microorganisms, drugs or even
radiation, ¢) hormonal factors (which may account for
the greater incidence of SS seen in women than in men),
and d) psychoneuroimmunologicfactors, suchasstress®
There are three main theories that have been proposed
to explain the mechanisms implicated in the altered
immune response thatoccursin SS, these are: anomalies
in peripheral lymphocyte regulation, anomalies in T
and B cell selection and, an immune response against
self-antigens®” The diagnosis of SS is carried out via a
biopsy of the minor salivary gland in which a determi-
nation of the number offoci of lymphocyte infiltrationmust
be made in a 4 mm? area. A focus is considered to be
made up of 50 or more lymphocytes, according to Fox?
Two or more foci are considered to be diagnostic for SS,
while less severe infiltration are suggestive of disease.
Lip biopsy has an 82% sensibility and 86% specificity.°

The et/etnude mouse was observed in 1985inanon-
consanguine closed colony of albino mice of the CD1
strain at the Zaragoza College of Superior Studies (Fa-
cultad de Estudios Superiores — FES) mouse colony of
the Universidad Nacional Autonoma de Mexico. Alope-
cia was the result of a simple autosomic recessive gene,
and the “et” symbol was adopted to refer to the mutant
strain. The et/et mice were considered to be hypothymic
due to the fact that the male of this strain presented a
rudimentary thymus presenting a weight approximate-
ly half of that of euthymic +/+ animals; while females
presented a structure which was similar to a lymph
node in place of the thymus, and whose weight was
lower than the thymus weight in euthymic female +/+
mice.® The mutant mouse has the following character-
istics: it is nude, has low fertility, high mortality, a short
lifespan, is hypothymicand commonly developsaspon-
taneous uveoretinitiswhich s clinically apparent.* The
et/et mice have greater numbers of CD3+ and CD8+
cells, when compared to et/+and +/+ mice.'? However,
hypothymia in et/et mice does not affect the cellular
immune response against Mycobacterium lepraemurium,
when compared with +/+ and et/+ mice.:?

The objective of the present study was to compare
gland size and histological appearance in et/et and
+/+ mice, as well as the heterozygous et/+ carrier,
to determine whether gland alterations were associ-
ated with the et/et strain, including hypothymiaand
ocular lesions, among others.

Material and methods

One hundred and thirty-four male and female, 10 to
50-week-old mice fromthe +/+, et/+andet/etstrains,

factores bien documentados: a) la predisposicion genéti-
ca, b) factores inductores que pueden ser desde una
infeccion por microorganismos, farmacos hasta radiacio-
nes, ¢) factores hormonales que posiblemente sean los
responsables de que el SS sea mas frecuente en mujeres
que en hombres, y d) los factores psiconeuroinmunolégi-
cos como el estrés.> Entre los mecanismos implicados en
larespuestainmune alterada del SS se han propuesto tres
lineasprincipales:anomaliasenlaregulacionlinfocitaria
periférica, en la seleccion del repertorio de células Ty By
en la generacidn de una respuesta inmune contra antige-
nos propios5’ Para establecer el diagnostico del SS se
realizalabiopsiadelaglandulasalivalmenorenlaquese
debe hacer una graduacion en términos de nimero de
focosdeinfiltracion linfocitaria enunaareade 4 mm?; unfoco
linfocitario esta constituido por 50 linfocitos 0 mas segiin
Fox?® En términos anatomopatoldgicos la presencia de
dos 0 mas focos por area se considera diagnostico de SS,
grados menores de infiltracion son sugestivos de esta
enfermedad. La biopsia del labio tiene una sensibilidad
de 82% y una especificidad de 86%.°

El raton desnudo et/et fue observado en 1985 en una
colonia cerrada no consanguinea de ratones albinos de la
cepaCD1enelBioterio de laFacultad de Estudios Superio-
res (FES) Zaragozade laUniversidad Nacional Autdbnoma
de México. La alopecia es el resultado de un gen recesivo
autosémico simple, el simbolo “et” se ha adoptado para
referir alaforma mutante. Los ratones et/et son considera-
dos hipotimicos debido a que se encontré que los machos
de esta cepa presentan un timo rudimentario que tiene
aproximadamente la mitad del peso que presentan los
animales eutimicos (+/+); mientras que las hembras et/et
presentanunaestructuraparecidaaungangliolinfaticoen
lugar del timo, y el peso de esta estructura es mas bajo que
el peso del timo de las hembras eutimicas +/+.1° Este raton
mutante tiene las siguientes caracteristicas: desnudo, ferti-
lidad baja, mortalidad alta, vida corta, hipotimico y es
comun que desarrollen espontaneamente todo el cuadro
clinicodeunauveorretinitisespontanea.!* Losratoneset/et
muestran mayor cantidad de células CD3+y CD8+, com-
parados con los ratones et/+ y +/+.12 Sin embargo, la
hipotimia en los ratones et/et no afecta sensiblemente la
competencia inmune celular a Mycobacterium lepraemu-
rium, que es similar a la de los ratones +/+y et/+.13

El propdsito de esta investigacion fue comparar el tama-
fio de las glandulas, asi como su estado histopatoldgicoen
los ratones et/et con las de los ratones +/+ y las de los
portadores heterocig6ticos et/+, con la finalidad de esta-
blecersilasalteracionesenlasglandulasseasocianalacepa
et/et, como son: hipoiimia, lesiones en 0jos, etcétera.

Material y métodos
Se emplearon 134 ratones machos y hembras de 10 a 50

semanas de edad de las cepas +/+, et/+y et/et, manteni-
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were keptin standard fashion, including a controlled
light-dark cycle, woodchip bedding changes four times
aweek and ad libitum feed and water. The et/et mice
were obtained by mating et/et males with et/+ fe-
males, separating the et/et progeny from their furred
siblings by using their alopecia as the distinguishing
feature.

Animals were identified according to their geno-
type and breeding background into: normal CD1 mice,
nude hypothymic et/et mice, and heterozygous, or
carrier, et/+ mice. They were distributed in the follow-
ing manner: 20 +/+ mice, 16 et/+ mice and 98 et/et
mice for the final assay. Strain, gender, age, body
weight, gland weightand visible ocular lesionsinclud-
ing inflammation, cataracts and number of eyes lost
(ptisis bulbi), were noted for all mice. Ocular lesions
were assigned a severity score in a 0 to 3 range in the
following manner: 0, healthy eyes; 1, inflamed eyes; 2,
cataracts; and, 3, lost eyes. The highest rank of severity
was always assigned, for example if a mouse had one
inflamed eye while the other eye had a cataract, the
assigned value was 2. Mice were weighed and anesthe-
tized in ether chambers, then terminally bled via an
axillar incision. Submaxilar and lacrimal glands were
extracted using microsurgery equipment. Glands were
immediately weighed on an analytical balance. Due to
the varying ages of the animals it was convenient to
calculate the total glandular index (TGI), that is, the
relative gland weight. TGl was calculated in the follow-
ing manner: TGl = (sum of gland weight / animal’s
weight) x 100.4 Absolute gland weight was also calcu-
lated. All glands were placed in a 10% formaldehyde-
PBS solution, paraffin embedded, cut into 5 nm-thick
sections using a rotating microtome and stained using
hematoxylin-eosin (HE). Histopathology for salivary
and lacrimal glands was evaluated using alight micro-
scopeand Fox’séclassification criteria, which establish
that a positive diagnosis for Sjorgen’s syndrome can be
made when there are two or more lymphocyte infil-
trate foci in any glandular lobule in a 4 mm? area, a
focus being considered as a cluster of at least 50 lym-
phocytes.

Statistical parametrictestswere selected based upon
normal data distribution and variance homogeneity (P
> 0.05, Barlett’s test). Non-parametric tests were ap-
plied when variances were not homogenous (P £0.05,
Bartlett’s test) and not normally distributed.*®

Theanalysis of the results of the gross ocular lesions
in mice from each strain were evaluated using Kruskal-
Wallis analysis of variance since the numbering as-
signed to the different levels of lesions does not comply
with normality precepts.

Glandular index (relative value) results and abso-
lute values were evaluated using an analysis of vari-
ance for one factor (mouse genotype) followed by a

132

dos bajo las condiciones convencionales de bioterio, con
control de ciclo de luz-oscuridad, cambio de cama de
viruta de madera cuatro veces por semana y con libre
accesoal aguay alimento. Los ratones et/et se obtuvieron
cruzandomachoset/etconhembraset/+;loscrioset/etse
separan de sus hermanos con pelo, de los cuales se
diferencian al nacer por laausenciade vibrisas(vibrissae).

Los animales fueron identificados seguin su genotipo y
antecedentes de crianza en: animales normales CD1, rato-
nes desnudos hipotimicos et/et y los heterocig6ticos o
portadores et/+. Se distribuyeron de la siguiente manera
deacuerdoconel pardmetro por analizaren: 20 ratones +/
+, 16 et/+y98et/et parael ensayo total. Paracadaraton se
registré la cepa, el sexo, la edad, peso corporal, peso de las
glandulas y lesiones visibles en ojos como: inflamacién,
cataratas y ojos perdidos (ptisis bulbi). Se asigné a las
lesiones en 0jos, un rango de 0 a 3 de acuerdo al grado de
dafo, de lasiguiente manera: 0, 0jos sanos; 1, ojos inflama-
dos; 2, ojos con cataratas; y 3, ojos perdidos, asignando
siempre el valor maximo. Por ejemplo, si un ratbn mostra-
ba un ojo inflamado y otro con catarata se daba el nimero
2. Los ratones se pesaron y se anestesiaron en cdmara de
éter, se sangraron en blanco por incision axilar. Se extraje-
ron las glandulas submaxilares y lagrimales con material
de microcirugia. Las glandulas se pesaron inmediatamen-
te en una balanza analitica. Debido a que se manejaron
diferentes edades en los animales fue conveniente calcular
el indice glandular total (IGT), que es el peso relativo de las
glandulas que se calcul6 de la siguiente manera; IGT =
(sumadel pesode lasglandulas / peso del animal) x 100,%4
yademassecalculéel pesoabsolutodelasglandulas. Todas
lasglandulasse colocaronenunasoluciénde formalinaal
10%en PBS, se empotraron en parafina, se cortaron seccio-
nes de 5 mm de grosor usando un microtomo rotatorioy se
tifieron con hematoxilinay eosina (HE). La histopatologia
de las glandulas salivales y lagrimales fue evaluada con
ayudadeunmicroscopiodeluz,ydeacuerdoconelcriterio
de clasificacion de Fox,? que establece que la presencia de
dos o masfocos deinfiltrado linfocitario, por &reade 4 mm?,
encualquierlébuloglandular, se consideradiagnéstico del
sindrome de Sjogren. Se define un foco linfocitario como
un racimo de por lo menos 50 linfocitos.

Las pruebas paramétricas estadisticas usadas se se-
leccionaron de acuerdo con la distribucion de datos y
homogeneidad de varianzas (P >0.05, por lapruebade
Bartlett) y que los datos mostraran una distribucion
normal; mientras que las pruebas no paramétricas se
aplicaron cuando las varianzas no mostraron homoge-
neidad (P £ 0.05, por la prueba de Bartlett) y que los
datos no siguieron una distribuciéon normal.’

Paraelandlisisdelosresultadosde laslesiones macros-
copicasenlosojosdelosratonesencadacepa, seevaluaron
mediante el analisis de varianza de Kruskal Wallis debido
a que la numeracion asignada a los diferentes grados de
lesiones no cumplen con el supuesto de normalidad.



Tukey test. Student’s t test was used for gender
differences within the et/et group. Results for age
analysis and glandular indexes was carried out us-
ing an analysis of variance for one factor (mouse
genotype) followed by a Tukey test.

The SPSS statistical package for MS Windows was
used for the Kruskal-Wallis, analysis of variance for
one factor and Student’s t tests.!¢

Results

Kruskal-Wallis analysis of variance results for gross
ocular lesions observed in the three groups of mice

Los resultados de los valores de los indices glandu-
lares (valores relativos) y los valores absolutos se eva-
luaron mediante el analisis de varianza de un factor
(genotipo de ratones) seguido de la prueba de Tukey,
mientras que para la diferencia por sexos dentro del
grupo et/et se aplicé la prueba t de Student. Para el
andlisis de resultados de laedad y los indices glandu-
lares se realiz6é un analisis de varianza de un factor,
seguido de la prueba de Tukey.

Losanalisis estadisticos de Kruskal Wallis, analisis
de varianza de un factor y la t de Student, se realizé
usando un paquete estadistico SPSS ver. 10 para MS
Windows.%

Cuadrol
FRECUENCIADELASLESIONESMACROSCOPICASEN LOSOJOSDELOSRATONES
GROSSOCULARLESIONSFREQUENCY INMICE

+/+=AlbinomiceCD1
et/+=Heterozygouscarrier mice
et/et=Nude hypothymicmice

Strain No lesion Inflamed Cataracts Lost
CD1 20 0 0 0
et/+ 16 0 0 0
et/et B 24 20 5

n=198

Kruskal-Wallisanalysis of variance between groups showed the et/et group to be different to the CD1 and et/+groups, P=0.0001.

Cuadro2
MEDIASDE LOSINDICESGLANDULARESTOTALESENTODASLASCEPAS
MEANOFTHETOTALGLANDULARINDEXESFORALLSTRAINS

Strain +/+ et/+ et/et
IGTlag 15.185+0.7812 14.443+1.487 11.654+0.525
IGTsub 11.270+1,127° 6.093+0.763 8.150+0.353

+/+=AlbinomiceCD1
et/+=Heterozygouscarrier mice
et/et=Nude hypothymicmice
IGTlag=totalglandularindexfor lacrimal glands
IGTsub=total glandular index for submaxilar glands
Meanszstandarddeviation.

2P =0.0061+/+vs.et/et

°P=0.0002 +/+ vs. et/+andet/et
Analysis of variance for one factor and Tukey test.
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Cuadro3
VALORDELPESOABSOLUTOTOTAL DELASGLANDULASSUBMAXILARES
Y LAGRIMALESDE TODASLASCEPAS
ABSOLUTEVALUEOFTHETOTALWEIGHTOFTHE SUBMAXILARAND LACRIMAL
GLANDSFROMALLSTRAINS

Strain +/+ et/+ et/et
Glact 65.125+4.509 64.093+8.133 43.165+2.161°
Gsubt 46.615+3.846" 25.862+3.089 29.424+1.275

+/+=AlbinomiceCD1

et/+=Heterozygous carrier mice

et/et=Nude hypothymicmice
Glact=weightofboth lacrimal glands (mg)
Gsubt=weightofbothsubmaxilarglands(mg)
Meansz+standard deviation.

2p=0.0001+/+y et/+vs.et/et

bP=0.0001 +/+vs. et/+andet/et

Analysis of variance for one factor and Tukey test.

. B
Cuadro4

MEDIASDELOSINDICESGLANDULARESTOTALESENLOSRATONESET/ET MACHOSY HEMBRAS
MEANTOTALGLANDULARWEIGHTSFORMALEANDFEMALET/ETMICE

Gender Females Males
TGllac 4.556+0.353 10.093+0.5902
TGlsub 5.816+0.526 6.900+0.508"

TGllac=total glandularindexforlacrimal glands
TGlsub=total glandular index for submaxilar glands
Means+tstandard deviation.

2P =0.000 TGllac malesvs. TGllacfemales. Student’st test.
bP=0.132 TGIsub malesvs. TGlsub females. Student’s ttest.

demonstrated that the most lesions were seen in the
et/et strain (P = 0.0002) (Table 1). The analysis of
variance for one factor applied to the TGllac data
between groups showed a significant (P = 0.0061)
difference, which, when analyzed with a Tukey test,
showed the greatest indexes in the +/+ group, when
compared to the et/et group (Table 2). As regards
TGIlsub, the analysis of variance for one factor showed
a significant (P = 0.0002) difference between groups,
which, when analyzed with a Tukey test also found a
greater glandular index in the +/+ group which dif-
fered from that of the et/+ and et/et groups (Table 2).
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Resultados

Al realizar el andlisis de varianza de Kruskal Wallis, a los
resultados obtenidos en las lesiones macroscépicas obser-
vadas en los ojos de los ratones de los tres grupos, las
lesionesseasociaroncon lacepaet/et (P =0.0002) (Cuadro
1). Elandlisis de varianza de un factor aplicado a los datos
de los IGTlag entre los grupos mostré una diferencia
significativa (P = 0.0061) y cuando se aplico la prueba de
Tukey, el grupo +/+ presenté los mayores indices compa-
radosconloset/et(Cuadro2). ConrespectoalosIGTsub,el
analisis de varianza de un factor mostr6 una diferencia



An analysis of variance for one factor was also done
for absolute gland weights, showing et/et mice to have
lighter lacrimal glands when compared to the et/+and
+/+ mice (P = 0.0001). For absolute weight of the
submaxilar glands, those from +/+ mice were heavi-
er that those of the et/+ and et/et mice (P = 0.0001)
(Table 3).

Student’s ttest between the males and females of
the et/et group found that the values for TGllac
were lower in females than males (P = 0.0001)
(Table 4). The same test for the TGIsub of the et/et
mice did not show a significant (P = 0.132) differ-
ence between males and females (Table 4). Analysis
of variance contrasting age with the glandular in-
dexes for the submaxilar glands showed greater
indexes at week 19, with the lowest values occur-
ring at week 68 of age. An analysis of variance for
one factor on the et/et group comparing age and
lacrimal glandular indexes showed a general de-
crease with age, the greatest indexes being ob-
served at weeks 23 and 26, with the lowest indexes
at week 68 (Table 5).

Thereisless pathological histology for gland size
in et/et mice than in the glands from +/+ mice (as
detailed by glandular indexes). Histological analy-
sisof lacrimal and submaxilar glands fromet/+and
+/+ animals at 40 weeks of age was normal. The
lacrimal gland from one female et/+ mice at 40
weeks of age showed well-defined stroma and aci-

significativa entre los grupos (P = 0.0002), y cuando se
aplicd la prueba de Tukey también se encontré que el
grupo +/+ presento los mayores indices de estas glandu-
las y fue diferente a los grupos et/+ y et/et (Cuadro 2). Se
realizé un andlisis de varianza de un factor tomando los
valores de los pesos absolutos de las glandulas y se encon-
tré que los ratones et/et mostraron menor peso de las
glandulas lagrimales comparados con los pesos de las
glandulasde los ratones et/+y +/+ (P =0.0001), y respecto
al pesoabsolutode lasglandulassubmaxilares, losratones
+/+ mostraron también un mayor peso que las glandulas
de los ratones et/+y et/et (P = 0.0001) (Cuadro 3).

Enelgrupoderatoneset/etserealizd unapruebatde
Student entre machos y hembras y se encontr6 que los
IGTlag son menores en las hembras que en los machos
(P=0.0001) (Cuadro4). Mientras que paralos IGTsub de
los ratones et/et, la prueba t de Student no mostré
diferencia significativa entre machos y hembras P =
0.132 (Cuadro 4). Se realizé un analisis de varianza
contrastando la edad con los indices de las glandulas
submaxilares y se observo que los indices mayores se
registraron en la semana 19 mientras los valores meno-
res se ubicaron en la semana 68 de vida. También se
realizé un andlisis de varianza de un factor en el grupo
et/et relacionando la edad y los indices glandulares
lagrimales, el andlisis mostré una tendencia general a
disminuir con la edad, los indices mayores se observa-
ron en las semanas 23y 26 mientras que a lasemana 68
se mostraron los indices menores (Cuadro 5).

Cuadro5
RELACIONDELAEDADY LOSINDICESGLANDULARESENLACEPAET/ET
RELATIONSHIPBETWEEN AGEANDGLANDULARINDEXINTHEET/ETSTRAINOFMICE

Age TGlsub TGllac
Weeks Mean Mean
15 9.0000 105000
19 1148822 13.1412
VA] 7.9100 17.8200°
% 7.5438 17.7563°
2 6.5375 7.5000
2 7.8400 8.9200
k) 9.0875 10.3375
K] 8.6000 8.7833
63 5.5500 4.5625

TGlsub=totalglandularindexinsubmaxilarglands
TGllac=total glandularindexinlacrimal glands

ap=0.0009 Significantdifference of TGIsub with respecttoage
bP=0.0001 Significant difference of TGllacwith respecttoage
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FiguralA. Glandulalagrimalnor-
mal de ratén macho et/+ de 40
semanas de edad. Estromay pa-
rénquimaacinar bien definidos.
1000XtincionHE.

Normal lacrimal gland from a
40-week-old male et/+ mouse.
400X HE stain. Stromaand aci-
nar parenchyma are well de-
fined.

Figura 1B. Glandulasubmaxilar
normal de ratdbn hembraet/+de
40semanasdeedad. Conductos
interlobulares y parénquimaaci-
nar bien definido 400X tincion HE.
Normal submaxilar gland from
a 40-week-old female et/+
mouse. 400X HE stain. Interlob-
ularductsandacinar parenchy-
maare well defined.

nar parenchyma (Figure 1A). In Figure 1B one can
see interlobular ducts and well-defined acinar pa-
renchyma in tissue from the submaxilar gland tak-
en from the same female mouse. Figure 2A shows
histological tissue from the lacrimal gland of a fe-
male et/et mouse at 27 weeks of age, where lobular
architectural alterations, areas of fibrosis and mono-
nuclear cells can be observed. Figure 2B is of tissue
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En relacién con los estudios histopatolégicos el ta-
mafiodelasglandulasdelosratoneset/etesmenor que
el de las glandulas de los animales +/+ (como lo
refieren los indices glandulares), y en el examen histo-
patolégico realizado a los ratones et/+y +/+aun alas
40 semanas de edad, las glandulas lagrimales y sub-
maxilares se observan normales. La glandula lagrimal
de una hembra et/+ de 40 semanas de vida, mostré



from a lacrimal gland taken from a female et/et
mouse at 68 weeks of age were substantial mononu-
clear and plasma cell infiltrate can be appreciated.
Figure 3A shows the submaxilar gland from a fe-
male et/et mouse at 27 weeks of age which presents
acinar parenchyma alterations with fibrosis and
mononuclear infiltrate, while Figure 3B shows
mononuclear and plasma cell infiltrate from anoth-
er 27-week-old female et/et mouse.

estroma y parénquima acinar bien definido (Figura
1A). En la Figura 1B en la glandula submaxilar de la
misma hembra se observan los conductos interlobula-
resy el parénquima acinar bien definido. La Figura 2A
muestra un corte histolégico de laglandulalagrimal de
una hembra et/et de 27 semanas de edad, donde se
observan alteraciones de la arquitecturalobular, zonas
de fibrosis e infiltrado de células mononucleares. La
Figura 2B es una glandula lagrimal de hembra et/et de

Figura2A. Glandulalagrimal de
hembraet/etde 27 semanas de
edad. Se observan alteraciones
en la arquitectura lobular con
zonas de fibrosis e infiltrado de
mononucleares. 400X tincion HE.
Lacrimal gland froma27-week-
oldfemale et/et mouse. Lobular
architectural alterations can be
seen,aswebasfibrosisand mono-
nuclear infiltrate. 400X HE stain.

Figura 2B. Glandulalagrimal
de hembraet/et de 68 semanas
deedad. Infiltradoimportante
de mononucleares y células plas-
maticas. 1000X tincion HE.
Lacrimal gland from a68-week-
old female et/et mouse. Consid-
erable mononuclear and plasma
cellinfiltrate. 400X HE stain.
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Figura 3A. Glandulasubmaxi-
lardehembraet/etde 27 sema-
nasdeedad. Alteracionesenel
parénquimaacinar confibrosis
e infiltrado de mononucleares.
400X tincién HE.

Submaxilar gland from a 27-
week-old female et/et mouse.
Acinar parenchymal alterations
with fibrosisand mononuclear
infiltrate. 1000X HE stain.

Figura 3B. Glandulasubmaxilar
de hembraet/etde 27 semanas
de edad. Infiltrado de células
plasmaticasy mononucleares.
1000X tincién HE.

Submaxilar gland from a 27-
week-old female et/et mouse.
Plasma cell and mononuclear
infiltrate. 400X HE stain.

Discussion

Gross ocular lesions are greater in the et/et group,
which is the same group that had the lowest glandu-
lar indexes and leucocyte infiltrates in lacrimal
glands. These lesions could be the result of lacrimal
gland destruction following inflammation, an in-
flammatory process or reduced secretion from the
gland with subsequent poor lubrication and corneal
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68 semanas de edad donde se muestra un infiltrado
importante de mononucleares y células plasmaticas.
LaFigura3A muestraunaglandulasubmaxilar de una
hembra et/et de 27 semanas de edad que presenta
alteraciones en el parénquima acinar con fibrosis e
infiltrado de mononucleares, mientras que laFigura 3B
también de una hembra et/et de 27 semanas de edad
muestra un infiltrado de células plasmaticas y mono-
nucleares.



opacity. Some eyes showed corneal ulceration and
cataractsleading toadegenerative process with even-
tual eye loss (ptisis bulbi),*” such that older et/et mice
had a greater number of eyes lost! Within the et/+
group only oneanimal with lesionswas found, while
no lesions were seen in the +/+ group. Glandular
indexes for the et/et group were the lowest (Table 2).
The lower number of lacrimal glands in the et/et
mice, as compared to the et/+ and the +/+ mice,
coupled with the histological findings of lympho-
cyte infiltration and glandular destruction, explain
the xerophthalmia seen in et/et mice. Submaxilar
glands showed that et/+ mice, the gene carriers,
showed similar glandular indexes to those seen for
et/et mice, both being lower than those seen for +/+
mice (Table 2). This indicates that the presence of the
gene has an effect on gland size, making them small-
er. However, glandular alterations in et/+ mice did
not include lymphocyte infiltration (Figure 1A and
1B), as was seen for the et/et mice (Figures 2A, 2B, 3A
and 3B). This suggests that for the infiltrative pro-
cess and damage to occur, the homozygous condi-
tion must be present, along with other factors, given
that some female et/et mice never develop lesions
even at an advanced age.!' Female et/+ mice had to
be used, instead of et/et mice, to obtain et/et progeny
given the low fertility achieved with et/et mice and
the inability of the et/et females to suckle their
young.*® This suckling inability suggests deficient
milk production due to the destruction of mammary
glands. The lacrimal and submaxilar gland involu-
tion seen in et/et mice probably reflects the thymus
involution that also occurs in these animals, since,
though born with a normal thymus, both males and
females develop hypothymiaby week 20.°Thiscould
also be responsible for the low fertility of et/et female
mice since there are reports that a thymectomy at
birth can induce autoimmune oophoritis!® Some
histological changes were found in the submaxilar
and lacrimal glands of the hypothymic et/et nude
mice, consisting of periductaland perivascular mono-
nuclear and plasma cell infiltrates (Figures 2A, 2B,
3A and 3B). Fox’s8criteriafor establishing a histolog-
ical diagnosis of Sjorgen’s Syndrome requires the
presence of at least two lymphocyte clusters in a 4
mm? area of glandular tissue; however, we consider
that these mice presented these infiltrates in an even
smaller area, as can be seen in Figures 2 and 3, such
that in a 4 mm? area there would be more than two
clusters.

The glandular histology for the et/et mice ranges
from animals without any infiltrates, through moder-
ate infiltration (where despite considerable lympho-
cyte infiltration, the architectural structure of the
gland is maintained), to severe cellular infiltrates,

Discusion

Laslesionesmacroscopicasenojosse presentandentrodel
grupodelosratoneset/et; que fue el grupo que presentd los
menores indices glandulares y los infiltrados de leucocitos
en las glandulas lagrimales, estas lesiones deben ser el
resultado de la destruccion de las glandulas lagrimales,
evolucionando a partir de una inflamacion, el proceso
inflamatorio y la reduccion en la secrecion de la glandula
provocaunamalalubricacidn del ojoy como consecuencia
opacidad de cOrnea, en algunos 0jos se observé ulceracion
de lamismay presencia de catarata evolucionando en un
proceso degenerativo a pérdida de ojo (ptisis bulbi),'” de tal
suerte que los ratones et/et de mayor edad presentan
mayor cantidad de ojos perdidos.'* Dentro del grupo et/+
s6lo se encontrd un animal con lesiones y no se encontra-
ron lesiones en los animales +/+. En cuanto a los indices
glandularesseobservéquelosanimaleset/etmostraronlos
valores mas bajos (Cuadro 2). El tamafio menor de estas
glandulaslagrimalesenel raténet/et,enrelacionconlosde
et/+y+/+ylos hallazgos histopatolégicos de infiltracion
linfocitariay destrucciondelasglandulas,explicanlaxerof-
talmia mostrada en los ratones et/et y con respecto a las
glandulas submaxilares se observo que los ratones et/+
portadores del gen mostraron indices glandulares simila-
res a los indices de los ratones et/et, que fueron mas bajos
que los mostrados por los ratones +/+ (Cuadro 2), esto
indicaquelapresenciadelgeninfluy6 paraquelasglandu-
las presentaran menor tamario; sin embargo, la alteracion
de esta glandula en ratones et/+ no mostro infiltracion
linfocitaria(Figuras1Ay 1B),comolamostraronlosratones
et/et (Figuras 2A, 2B, y Figuras 3A y 3B). Esto sugiere que
para que se presente el cuadro de infiltracion linfocitaria y
dano, se requiere de la homocigocidad y de otros factores
porque algunas hembras en estos ratones et/et no desarro-
llan lesionesaun aedad avanzada.'* Lanecesidad de usar
hembras et/+, en sustitucion de las et/et, para obtener los
ratones et/et, se deben alabajafertilidad descritaen loset/
etyalaincapacidad de lashembraset/et paraamamantar
asus crias, estos hallazgos sugieren una deficiencia de
produccion de leche debida a ladestruccion de las glandu-
las mamarias, y es muy probable que la involucion de las
glandulas lagrimales y submaxilares en los ratones et/et
refleje lo que ocurre con el timo en estos animales, que al
nacer tienen un timo normal; pero después de las 20
semanas de edad, tanto los machos como las hembras
desarrollan una hipotimia,'® y probablemente ésta sea la
responsable de labajafertilidad enlashembraset/et, yaque
se tienen informes de que la timectomia al nacimiento
induce ooforitis autoinmune.® En algunos ratones hipoti-
micosalopécicoset/etseencontraroncambios histopatolé-
gicosen lasglandulas submaxilaresy lagrimales, que reve-
laron infiltraciones en areas periductales y perivasculares
por células mononucleares y células plasmaticas, que se
presentan en algunos ratones et/et (Figuras 2A y 2B, y
Figuras3Ay3B)ysegunloscriteriosde Foxé paraestablecer
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comprised mainly by mononuclear cells, with addi-
tional acinar disarray, loss of interlobular ducts, and
in some cases, complete destruction of glandular tis-
sue. Since these acini produce serous secretions, the
absence of ducts would explain the xerostomia and
keratoconjunctivitis seen in humans with SS.*° The
TGIsub values for the et/et strain are highest at week
19, and then gradually decrease with increasing age,
while TGllac values are highest at weeks 23 and 26.
More serious lesions can be appreciated in the et/et
strain from week 22, with a concurrent increase in
severity as age increases. The +/+ and et/+ mice had
normal glandular histology and their acini were well
defined even in animals at 40 weeks of age (Figures
1A and 1B).

When studying the gender influence of the TGllag
values of the et/et group of mice, we found that
females have lower glandular indexes than do males
(Table 4). The decreased size of the gland in females
must be a consequence of the destruction that takes
place following the immune response. In human SS
something similar occurs, since there are reports of a
nine times greater incidence in women than in men.?
Hormones play a very important role in SS, since a
series of experimental models obtained following the
administration of drug hormones suggest that test-
osterone, progesterone and corticosterone have an
immunosuppressive effect, while estrogen activity
can boost the immune system.? It is thought that the
exocrinopathy demonstrated in et/et mice is the di-
rectresult of the “et” gene, which is recessive and thus
requires a homozygous condition, as well as some
already mentioned risk factors, for the glandular dam-
age to become apparent. The et/et mice showed a
similar pattern to that seen in primary human SS and,
as such, could be used as an animal model for study-
ing this disease.
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