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The autoimmune-prone MRL/Mp-Ipr/lpr (MRL/lpr) 
mouse is characterized by the Ipr mutation. which is a 
defect in the Fas antigen. Since Fas mediates apopto
sis. this defect results in CD4-CDS- double negative 
T-cell proliferation, lupus nephritis. and macro
scopic lupus erythematosus-like skin lesions. The 
control counterpart of MRL/lpr mouse is the MRL/ 
Mp-+/+ (MRL/n) mouse, which lacks the Iprmutation 
and is almost normal during the first 6 mo of life. The 
Ipr mutation, however, accelerates autoimmune phe
nomena in MRL/lpr mice. Thus, it is important to 
investigate autoimmune diseases like systemic lupus 
erythematosis in relation to the autoimmune disease
prone genetic background of MRL/n mice. 

We found that skin lesions in aged MRL/n mice had 
unique characteristics. The first characteristic is 

M 
RL mice were originally developed by Murphy 
and Roths at T h e Jackson LaboratOlies (Murphy 
and .Roths, 1978) . Two strains of MRL mice 
were developed: the MRL/ Mp-lprl lpr (MRLI 
Ipr) mouse and the MRL/ Mp- +I+ (MRL/n) 

mouse. The autoimmune-prone MRL/ lpr mouse carries the auto
som al recessi ve Ipr (l ymphoprolife ration) gene and is characterized 
by massive CD3 + D4 - CD8 - cell (double negative T cell ) pro li f
eration , lupus n ephritis , and spontaneous lupus erythematosus 
(LE)-like skin les ions beginning at the age of 3 1110 even under 
pathogen-free conditions. The congenic MRL/n mice are 99.6% 
homozygous to MRL/ lpr mice but lack the Ipr mutation and arc 
almost normal dUl'ing the first 6 mo of life (Murph y and Roths, 
1978). 
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spontaneous occurrence, and the second is epidermal 
cell nuclear immunostaining with IgGs by direct 
immunofluorescence. The skin lesions in aged MRL/n 
mice showed milder inflammation than in MRL/lpr 
mice. A homogeneous pattern of epidermal cell nu
clear staining was always associated with nuclear 
staining in kidney cells and also correlated with the ill 
vitro binding of sera to keratinocytes cultured from 
newborn MRL/n mice. These results suggest that the 
skin lesions of aged MRL/n mice are a good model for 
certain types of cutaneous lupus erythematosus and 
also can provide new insights into the long-standing 
controversy whether epidermal cell nuclear staining 
occurs ill "i"o.Key lVo/,ds: II/pus e/1'tllematoslls/a1ltilwciear 
antibody/mixed colUlecti,'e tissue disease. J [""est Del'1l/atol 
107:95-100, 1996 

The MRL/ lpr mouse is a good mode l for the spontaneous 
development of skin les ions similar to those in human LE (Murphy 
and Roths, 1978; Furukawa el al. 1984; Horiguchi el ai, 1986; 
Kanaucbi el ai, 1991) . Macroscopically, these skin lesions h ave been 
described as showing "alopecia and scab formation" by Murphy 
and Roth s (1978). We have been stu dying the light microscopic, 
ultrastructural , and immunohistologic characteristics of these skin 
les ions in MRL mice and have noted liquefaction-like changes in 
the basal keratinocytes, derm al T-cell infiltration , and vasodi lata
tion (Furukawa el ai, 1984) as well as ultrastruc tural changes similar 
to those observed in hum an LE skin lesions (Horiguchi el ai, 1986). 
Furthermore, we have a lso d emonstrated pathogenic roles for 
epidermal Langerhans cells, CD4 + cells, and CD8 + cells (Kanauchi 
el a/, 1991). Finally, there is information that strongly suggests that 
this mouse develops cutaneous lesions that are pathologically 
similar to those of human cutaneous LE (Provost and Watson, 
1993). 

The most recent finding for MRL/lpr mice was the striking 
proliferation of CD4 - CD8 - double negative cells ca used by a 
defect in the Fas antigen, which h as been reported to mediate 
apoptosis (Watanabe-Fukunaga et ai , 1992). Fas is expressed in 
actively proliferating cells in the thymus, skin, liver, ovary, and gut 
epithelium as well as in activated peripheral T and B cells. After 
interac tion with its ligand, it transduces signals that lead to apopto
tic death. In systemic and/or organ specific autoimmune diseases, 
the Fas antigen plays an important role in the negative selection of 
autoreactive T cells in the thymus (Watanabe-Fukunaga el ai, 
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1992). T hc Fas defect, w hich induces the massiv e do ubl e negative 
T -cel l prolife ration , is be lie ved to accelerate autoimmunity in 
MR.L/ lpr mice (Murph y and Roths , 1978; T hcofi lopou los and 
D ixon, 1981 ; Theofilopou los, 1995). T hu s, to investigate these 
autoimmune phenomena in MRL/ lpr mice, it is important to fu ll y 
und erstand th e autoimmune disease-prone genetic background of 
MRL mi ce. Detai led studi es on the ski n les io ns o f Mlli/n mi ce 
have not been performed beca use most Mlli/n mice were exam
ined w hile under the age of 6 mo as contro ls for MR.L/ lpr mi ce, 
which died of lupu s nephri t is or other autoiml11une diseases by 6 111 0 

of age (Furukawa el ai, 1984; Furu kawa el ai, 1993b) . In this study, 
we pe rfonned an immuno histologic and serologic analys is of aged 
Mlli/ n mice to elucidate their autoimmune disease-prone genetic 
background. 

MATEIU ALS AND METHODS 

Mice MR..L/ lpr and MJU/Il mice we re pu rchased from T he J ackson 
Laboratories (Bar Harbor, ME) and were maintained under standard 
conditions at th e Ani m al Center (F"cul ty o f M edi cine , Kyoto Unive rsity). 
BAIJ3/c mice and C57HL/6J mice were purchased £i'om Shimiz u Animal 
Laboratories (Kyoto, J apan). All of the m ice examined in this study were 
free fron1 Scndn i v iru s, l11ycoplaSll1:1 puhno ni s v iru s, Olnd J11 0 USC he pati t is 
virus. 

Fl and F2 hybrids from MRL/ lpr crossed w ith MIU/n mice we re raised , 
and only virgin fClna lc 1l1ice were lI sed in this stud y. 

T he mice were ch ecked weekly in o rder to calculate the survival rate and 
to dete rmine the incidence of skin les io ns. When a mouse w as sacrifi ced , its 
skin and intern al o rga ns we re prepared fo r the hi stopatho logic study . B lood 
se rum samples also were o btained and kep t at - 80°C un til used . 

Light Microscopic Observations Skin specime ns were taken £i'om the 
upper back region beca use of the ap pearance o f spontaneous LE-Uke skin 
les ions in MIU/lp r mice in thi s region (Murphy and R o ths, 1978; Furukawa 
el ai, 1984) . In ternal organs in cl uding the kid ney we re also obta ined when 
th e mice we re saCli ficed. T he spec imens were fixed in 10'X, forma li n and 
sta ined w ith he matoxylin and eosin and pe riodic acid-Schi fF so lu tions . Five 
serial sections frol11 each t11QUSC were prepared and in '/cstigatcd . 

ItnmunohistochClnical Observations T he specimen s w ere frozen im
m ediately in a bath of dry icc and aceto ne. C ryostat sections (6 J.Lm th ick) 
were pre pared and were stained w ith Ruorescein isothiocyanate (F ITC)
conjugated anti-mo use IgG F('lb') 2 an tisera w hich were purchased fi'om 
three m anufacture rs including Jackson ImmunoResearch (West G rove, 
PAl, Cappel (West C hes ter, PAl, and Ca ltag (South San Francisco, CAl, 
and FITC-conjugated anti-mouse C3 (Cappel) acco rd ing to methods 
previously described (Kana uchi el ai , 1991; Furukawa " I ai, 1993 b). FITC
conjugated antiserum aga inst mouse albumin (Hethyl Labo ratories. M on t
gom e ry, TX) was used as the control. 

Nick Labeling of Apoptotic DNA Apoptotic ce ll s we re detected with 
an ;11 s;11I hybridization ki t (On cor , Ga ithe rsburg. MD) accord ing to the 
m anufacture r 's instructions. This method is b ased o n the specific labeling o f 
nicked e nds of fi agmented DNA (Gavrie li el ai, 1992). BrieRy. tissue 
cryosections were fixed in 10% ne utral buffe red formalin and post-fixed in 
ethano l:acetic acid (2: 1) . Afte r incubatio n with te rmina l deoxynucleo tidyl 
t ranste ra se, an ti-digoxigenin-peroxidasc was applied. T h en, a fres h mixture 
of 0.05% diaminobe nzidine and 0 .02% hyd rogen peroxide was used for 
co lor deve lopment. Specimen s we re countersta ined w ith m eth yl g reen 
so lu tion . 

Measurement of Anti-Nuclear Antibodies T he an ti- nucl ea r antibody 
titer in the serum samples was detenll.ined with HEp-2 cultured ce ll s Uapa n 
Hoechst, Tokyo). Se ri a l diluted senltll. samples were app li ed to the sub
strate, and then FITC-conjugated anti-mouse IgG was reacted with the 
Sa I11p] cs . 

An ti-DNA an tibodies were dete rmined by an e nzyme Unked immunosor
bent assay accordi ng to o ur prev io us report (Furukawa e/ aI, 1993b). 
Anti - U , RNP antibodies in the serum samples were m easured ba sed o n the 
methods of Billings cI al (1982). Anti-histone antibodies w ere examined by 
an enzym e-linked immunosorbent assay accord ing to the m ethods of Sa to " I 

al (1993). 

III V itro Binding of Mouse Sera to C ultured Keratinocytes C ultured 
keratinocytes fi'om newborn MlU/n mice were prepared accord ing to o ur 
previo usly rep orted metho d (Furukawa " I ai, 1.989) . BrieRy, skin samples 
were incuba ted w ith tryps in a t 4°C for 18 h . T he epidermal sheets were 
agitated gently, centrifuged , and suspended in culture m edium containing 
10°;', feta l calf serum . T he epidermal cell suspensions were th en cultured in 
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Figure 1. Survival rates o f virgin female MRLIlpr and MRL/n mice. 
Fifty mice in each strain w ere m o nito red weekly in order to check the 
mortality and the incidence of skin lesions. 

plastic Rasks . Next, f,r st passage cell s we re cultured in keratinocyte gro wth 
m edium (C lo neti cs, San Diego, C Al without bovine pituitary extracts on a 
Lab-Tek chamber slide. When the cells had grown to 60-70':lu conRuency, 
they were inc ubated w ith either mOll se serum dilu ted with keratinoc)' te 
growth m edium (final diluti on , 1 :400) o r with a purifi ed IgG fi'a c ti on for 30 
min at 37°C under a humidifi ed atmosphere containing 5% CO2, The serum 
samples w ere dl!complemented (56°C for 30 mi n) and the cells fixed in cold 
ace tone for 30 s and dri ed . After wash.ing in phosphate-buffered saline , the 
ce ll s we re incubated with FITC - conjugated anti-mouse IgG. 

Histone (Type II-S; Sigm a , St. Lo uis, MO) and lyophmzed DN A 
(Sigm a), w hich are der ived from calf thymus, w e re used for the ab sorption 
assay . Single-stranded DNA was prepared by heatin g calf thymus DNA at 
100°C for 10 m in and then immediate ly cooling it in an ice bath (Furukawa 
el aI, 1984). Rabbit thymus extracts we re used as the source of RNP 
antigens (Norri s el (I I, 1984). D ilu ted se ra (1 :200) were incubated with the 
equal volu me phosphate- buffered sa line contain ing appropriate hi stone, 
sin gle-stranded DNA, o r rabbit thymus extract at 37°C for 30 min and then 
at 4°C for 1. h . After cen tri fu gation , absorbed serum samples (final dilution 
1: 400) were appli ed for the ;11 "i/ro binding assay. The titers ofanti- U,RNP 
antibody and anti-single-stranded D N A antibody of these ab sorbed serum 
sam ples were reduced to the le vels of control HALB/c or C 57BL/ 6J mice b y 
using assay sys tem s described above. 

The sa m e ;11 ,, ;1 /"0 binding assays w ere perfo rmed using cultured kerati
n ocytes fi'om ne wborn MlU/lpr mice and two transformed keratinocyte 
cell lines such as PAM 212 cells establi shed fi'o m DALB/c mouse and HSC - l 
ce ll s o rig inall y derived (1'om human squam o us cell ca rcinoma (Kondo and 
Aso, 1981) . T hese ce ll lines w ere generous g ifts from Dr. Kouichi Ikai 
(Faculty of Medi cin e, Kyoto University). Cell viability was d etermined by 
the trypan b lue dye exclusion and acridine o range/ethidium bromide 
methods (Pa rks el ai , 1.979) . 

RESULTS 

High Survival Rate in MRL/n Mice Thirty mice of each strain 
we re monitored. As shown ·in Fig 1 , virgin femal e Mlli/ lpr mice 
had a 50'X, m o rtali ty rate at 6 mo of age, whereas virgin fe male 
Mlli/n mi ce had a 50% m o rtality rate at 18 mo of age . These 
resu lts are quite compatible with a previous report by Theofilopou
los and D ixon (1 981) . 

Spontaneous Skin Manifestation of Alopecia and Erythem
atosus Lesions in Aged MRL/n Mice Skin manifestations were 
found on th e upper dorsal sites, and a few mice also showed 
necro tic skin lesions o n the ears . The cllmulative incidence, 
however, was calculated based solely on th e appearance of upper 
dorsal skin lesions . One-third o f the Mlli/lpr mice had spontane
ous skin manifestations of alopecia and eryth ematosus lesions at 3 
mo of age . At 5 m o of age the incidence rose to 80"A,. In th e Mlli/ n 
mice, at 12 mo of age, alm ost half had skin lesions similar to those 
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Figure 2. Skin lesions on the back region of aged MRL/n mice. 
Alopecia and erythematosus lesions o n upper dorsa l region of 12-mo-o ld 
MRL/ n m ice. 

in the MR.Lllpr mice (Fig 2), and 75% of the 21-m o-old MRL/n 
mice had such skin lesio ns (Fig 3) . T he incidence of these les ions 
was not inAu enced by the number of mice pe r cage. No microor
ganism s were de m onstrated by the culture of biopsy samples o r by 
light microscopy. 

Changes in Histopathology of Skin Lesions in Aged MRL/n 
Mice Light microscopic o bservatio n of the skin lesio ns in MRLI 
lpr mice revea led hyperkeratosis, acanthosis, liquefaction , vasodi
latation , and m o nonuclear cel l infiltrati on in the dermis; tlus was 
compatible with o ur previous repo rt (Furukawa e/ nl, 19S4). In 
contrast, no vasodilatation, bleeding, or I.iquefaction were observed 
in MRL/n m ice despite hyperkera tosis, acanthosis, m ononuclear 
cell infil tration , an increased number of collagen bundles, and 
fibrosis (Fig 4). T he mononuclear cell infiltration in the MRL/n 
mice was milder than in the MRL/lpr mice. 

Epidermal Nuclear Deposition ofIgG in Aged MRL/n Mice 
JgG deposition at the derm oepiderm aljunction (DE]) was o bserved 
in the MRL/lpr mice. T he in cidence ofIgG deposits at the DE] was 
16.6%,43.3%, and 66.7% at the ages of2, 3, and 4 mo, respectively. 
T he incidence was over SooA. after the age of 5 mo (Fig 5). 
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Figure 3. Cumulative incidence of tnacroscopic skin lesions in 
virgin female MRL/lpr and MRL/n lnice. R esults are based on the 
weekly o bse rvation . 
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Figure 4. Light microscopic findings from skin lesions 011 the back 
region of aged MRL/n mice. Skin les ions in Figure 2 were prepared for 
hematoxylin and eosin stajning. (Bnr, 20 /Lm) 

In MRL/ n mice, IgG deposits at the DE] were also found in aged 
mice, bu t the incidence was very low compared to that in MRLl lpr 
mice (Fig 5) . A more characteristic finding in aged MRL/n mice by 
direct immunoAuorescence was epidermal cell nuclea r sca ining (Fig 
6). At the age of21mo, 50% of the MRL/n mice showed epidermal 
cell nu clear staining, a finding that was not observed in any of the 
MRL/ lpr m ice (Fig 5) . The staining patte rn was homogeneous in 
most of the mice and was not inAuenced by using FITC-conjugated 
antisera from three different m anufacturers. A.lbumin deposits in a 
pattern like the epiderma l cell nuclea r staining were not demon
strated in any of the mice examined, and the epidermal cell nuclear 
stai.ning was associated with nucle"r sta ining in the kjdney in all of 
th e nuce examined . Similar nuclear staining was also observed in 
lung and liver of aged MRL/ n mice, wh.ich showed positive 
epidermal cell nuclear stain ing. T he other organs were not exam
ined immunohistochemicall y. Epiderma l cell nuclear staining was 
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Figure 5 . Cnt11ulative incidence of IgG deposition visualized by 
direct inlt1111nofillOrescencc in skiu lesions from virgin fet11ale 
MRL/lpr and MRLIn mice. More than 30 MRL/ lpr mice were studied at 
the examined ages . T he incidences of IgG deposition at the DE] of MIU/ n 
mice were 9.3% (4/43) . 9.4'% (3 / 32) , and '10.7% (3 /28) at the age of9, 16. 
and 21 mo, respectively. Epidermal cell nuclea r staining ofigG were found 
in 0% (0/43), 34.3% (11132) , and 50% (14 /28) of MRL/ n mice examined 
at the age of 9, 16, and 21 mo, respectively. ENS, epidermal cell nuclear 
stajning. 
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F igure 6. Direct immunofluorescence photomicrograph of IgG 
de posi tion in epidermal ce ll nucle i and partial staining at the DE} 
in skin lesions from aged MRL/n mice. Direct immunofluorescence 
was perfo rmed by standard methods as described in Materials allli Methoris. 
(Scnle Iw r, 20 Mm) 

also o bserved in b oth les io nal skin and n o n les io n al skin ; n o 
signifi can t correlatio n was fo und be tween the appeara nce of these 
ski n les io ns and epidermal cell n uclear sta ining (~ = 0.63 ) . Suc h Ig 
deposits at the DE] o r in epiderm al ce ll nucl e i were n ot o bserved in 
an y of the aged BALB/c or C57BL/6j mi ce . 

T he presence o r absen ce of e pide rmal cell nuclea r staining of 
M RL/n mi ce at 16 m o of age did n ot affec t the survival rate o f 
M RL/n mice at m ore than 21 m o of age. 

T h e incide nce of apoptotic ce ll s as dete rmin ed by the ill sit" 
m ethod d id n ot d iffer am o ng M R.L/n , MRL/ lpr, BALB /c, o r 
C57BL/6j m o u se stra ins. Positive cell s were o b serv ed o n th e nucle i 
of the hair fo lli cles bu t not in the epide rmi s, whic h is almost 
comparable to the results in human skin re po rted by T amada et al 
(1994). 

Ant i-DNA a nd Anti-U,RNP Antibodies in t he Sera of Aged 
MRL/n Mice T he presen ce of anti-single- stranded D N A and 
an ti-U1RNP an tibod ies was d eterm in ed b y an e n zym e-Linked 
imm unosorbe n t assay m eth od . As shown in Fig 7 , MRL/ lp r mice 
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F ig ure 7. Elevated levels of anti-DNA and anti-U,RNP antibodies 
in serum samples from MRL and control mice. Each bar represents 
mea n = SD of 5 to 8 mice examjned . 
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Figure 8. III ,';1"0 binding of MRL/n mouse sera to the nuclei o f 
ke rat inocy tes cultured frOln newborn MRL/n mice. Cul tlll'ed cells 
were incuba ted with a puri fied IgG fi,action of examined mice fo r 30 min at 
37°C under a humidified atmosphere conta ining 5 ')10 CO2, T hen, cell s were 
fixed in cold acetone and dried. After washing in phosphate-bu ffe red sa line, 
cells were incubated with fl uorescein isothiocyanate-Iabeled anti-mouse 
fgG. (Sen le bnr, 20 Mm) 

at 5 m o o f age had hig he r serum levels of bo th antibo dies than 
MRL/ n mice at the sam e age . By the age of 16 m o, MRL/n mice 
showed sig nifi cantl y hig h e r levels of b o th antibo dies th an contro l 
BALB /c mice o r C57BL/6j mice. M RL/n mice w ith epiderm al cell 
nucl ea r staining also h ad slig htly but sig nifican tly hig he r leve ls of 
an ti-U,RNP antibodies th an th ose witho ut epiderm al cell nuclear 
sta ining (p < 0.05) . Hig h le ve ls o f anti-histone antibodies (mo re 
than the m ea n plus 2 SD va lues of n orm al DALB /c and C57BL/6] 
mj ce) were d etected in 60'Yo of MRL/ lpr mice at 5 m o of age but 
n o t in aged MRL/ n mice. In additio n , the m ean leve ls of the 
an tibo d y ti te r were not sig nificantly di fFe re n t between 5-mo-old 
MRL/ n mice and 16-mo- o ld M RL/n mice (da ta n o t sho wn). 

III Vit ,'o Binding of Mouse S e ra to Cultured Keratinocytes 
Twen ty- eigh t se rum sampl es of ML:t.L/ n mice were examined . All 
of these samples had hig h titers of an tinuclear antibodies (A N A) (> 
1280- fo ld in dilutio n) and were also positive fo r an ti-D N A and 
anti - U, RNP an tibo di es. Eleven o u t of the 28 samples showed 
binding to the nucle i o f over 30% o f keratinocytes c ul ture d fi'om 
n ewbo rn MRL/n mice (Fig 8) . T h e bindin g patte rn was h o m oge
n eo us in m ost o f the mice examined . Immunoreactiv ity in the 
diluted sera was eq ual to the immuno reactiv ity fo r puri fie d IgG. 
W he n absorbed serum samples were used in this assay, sin gle
stranded DNA showed a m arked redu ctio n in immuno flu orescence 
ill ten sity compared to his to n e o r thymu s extract, but th e intensi ty 
w as n o t comple te ly los t. Simil ar findin gs w e re o bserved wh e n PAM 
212 cells, H SC-l cells, o r cultured ke ratinocytes from n ewborn 
MRL/ lpr mi ce were used as substra tes (data n o t sh own) . T here was 
n o di ffe re n ce in the titers of A N A , an ti-DNA antibo dies, o r 
an ti-U , RNP antibo dies be tween nuclear bindin g-positive and nu
clear binding-negative serum samples . O ve r 95% o f the cells w ere 
viable as de te rmined by the trypan blue d ye exclusio n and acridi.ne 
o ran gel e thidium bro mide m e thod s. A sUght but sig nificant corre
latio n was de m o n strated between epide rmal cell nuclear staini.ng by 
direct immuno flu o rescen ce and the ill IJi tl'o binding of sera to 
ke ra tin ocytes £i'om newbo m MRL/ n mice (0.02 < p < 0 .05) 
(Table I) . Su ch stati sti cal diffe re n ces w e re n o t de m o nstrated w h en 
ke ratinocytes fro m newbo rn MRL/lp r mice and two ke ra tin ocyte 
cell lin es w e re used as substra tes. 

Association Among Subepidermal IgG Deposits, the Ap
pearance of Spontaneous Skin Lesions, a nd /]11' Mutation 
T hi s study was design ed to e lu cidate the r o le o f Ipl' mu tatio n s in th e 
develo pme n t of LE-like skin lesio ns in Mlli mice . T he basic 
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Table I. Correlation Between Epidermal Cell Nuclear 
Staining and III V itl'o Binding to Keratinocytes Cultured 

from Newborn MRL/n Mice" 

III vitro binding 
Epidermal cell Total 

nuclear staining Positive Negativc nUlnbcr 

Positive 8 4 12 
N egative 3 13 16 
Total 11 17 28 

," X 2 = 4.74 (wich Yates co rrection) 

aJlalysis was conducted according to o ur previous genetic studies in 
N ew Zealand mice (Maruyama e/ ai, 1983; Furukawa e/ ai, 1985; 
Shirai e/ ai, 1986). In the FI hybrids (MRLllpr X MRL/ n) , all of 
the mice w ere expected to be Ipr/ +. In the F2 hybrids (F1 X Fl), 
the ratio oflpr/ lpr, Ipr/ +, and + / + mice was expected to be 1 :2: 1 . 
Since lymphopro liferation in MRL/lpr mice manifests as an auto
somal recessive trait, the expected frequency of Iymphoprolifera
tion was 1.00 for MRL/lpr mice (N = 224), zero for MRL/ n mi ce 
(N = 13 2) and the F1 hybrid mice (N = 124), and 0.25 for the F2 
hybrid mice (N = 187). The observed frequ ency of Iymphoprolif
eration was identical to the expected ratio . 

Subepidermal IgG deposits were found in 85% of the MRL/ lpr 
mice, none of the MRL/ nmice and Fl hybrid mice, and 21 % of the 
F2 hybrid mice . If the rate of IgG deposition in MRL/ lpr mice is 
scaled to 100'Vu, then the rate in F2 hybrid mice is almost equal to 
the expected frequency . 

Skin les ions were observed in 78'X, of the MRL/ lpr mice , no ne of 
the MRL/ n mice and FI hybrid mice , and 15% of the F2 hybrid 
mice . If the rate of skin lesion s in M RL/ lpr mice is sca led to 100°/.,. 
then the rate of les ions in F2 h ybrid mice is 19%. This corrected 
frequen cy is much lower than the ti-equency expected for a 
recessive gene (25%) and is equal to the frequen cy expected from 
a recessive gene and a dominant gene. 

DISCUSSION 

This study demonstrates that skin les ions in aged MRL/ n mice have 
several unique characteristics . The first is their spontaneous appear
ance on the upper back region of aged mice. T hese skin les io ns 
were similar to those in MRL/ lpr mice over 3 mo of age . but th e 
histologic features were slightl y different from those of MRL/ lpr 
mice. Light microscopic o bservatio ns revealed m o no nucl ea r ce ll 
infiltration and an increase in collagen and fibrobla sts in the dermis. 
Liquefaction-like changes, bleedin g, and vasodilatation were not 
observed in the skin lesions of MRL/ n mi ce , altho ugh such 
pathologic changes are characteristic of the sponta neous LE-like 
skin les ions in MRL/ lpr mice (Furukawa el a/, 1984). T he second 
characteristic is epidermal cell nucl ea r staining by direct immuno
fluorescence m ethods. IgG deposition in the skin lesions of MRL/ n 
mice w as o bserved in 50% of the mice at 21 m o of age . This IgG 
epidermal cell nuclear staining was always associated with IgG 
deposition in the nuclei of kidney cells. 

IgG epidermal cell nuclear staining has been de m onstrated in the 
skin lesions of most patients with mixed connective tissue disease 
(MCTD) and in o ne-third to one-half of the patients with systemic 
lupus erythematosus (SLE) (Velthuis ef ai, 1990; Burrows ef a/, 
1993) . Specifi c anti-SS-A / R o binding occurred in the nucleus as 
well as the cyto plasm of suctio n-blister skin specimens (Furukawa 
e/ a/, 1990), and particulate epidermal IgG deposition was fi'e
quently observed in both les ional skin and nonlesional skin speci
mens from patients with subacute cutaneo us LE (David-Bajar e/ ai, 
1992). MCTD was described by Sharp ef a/ (1971) and diffe rs 
significantly from SLE in both clini cal and labo rato ry features. T he 
typical clinical pattern consists ofRaynaud' s phenomenon as well as 
swelling of the fingers leading to a sausage-like appearaJlce, sclerodac
tyly, and other visceral organic abnormalities. There are two decisive 
laboratory features , the presence of very high titers of serum ,mtibodies 
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to U I RNP aJld epidel1nal cell nuclear staining by direct unmwloflu
orescence (Gilliam and Prystowsk.-y, 1977). Tn most cases. the epider
mal ce ll nuclear staul.ing is speckled (Gilliam and Prystowsky, 1977). 
T he aged MRL/ n mouse, however, has a significant but low ti ter of 
anti-U I RN"P antibodies wi til a predomulance of aJlti-DN A antibodies. 
Furthemlore, the epidermal cell nuclear staining pattem was homo
geneous in most of the mice. T hus this mouse does not represent a 
complete model of human MCTD. 

Tn SLE. nucl ear IgG deposits in the skin have been reported by 
severa l investigators (Baart de la Faille-Kuyper, 1974; Shu el a/, 
1977). R ecently, a hom ogeneous pattern as well as a speckled/ 
thready patte rn of epidennal cell nuclear IgG deposition was 
reported in skin sa mples from LE patients, including systemic, 
discoid, and subacute cutaneous LE (Velthuis el ai, 1990). T he m ost 
recent repo rt from Burrows CI a/ (1993 ) showed a relatively high 
incidence of epidermal cell nuclear staining in LE patients and 
m entioned that the thready and homogeneous pattern occurs 
specificall y in SLE. Based on these fi ndings, it is likely that the skin 
les ions of aged MRL/ n mice are an adequate model for certain 
types of cutaneous LE. Furthermore, absorption studies in tlli s 
model m o use revea led that DNA components may play more 
importan t ro le in ANA binding to the nucl eus than other nuclear 
components including histonc and RNP. 

It is still con troversia l wheth er epidermal cell nuclear staining 
actually occurs ;11 11;110 . Tan and Kunke l (1 966) suggested that ;11 11 ;110 

epiderm al cell permeabili ty facto rs ma y playa role in immunoglob
ulin depositi on in lupus patients. A few investigators ha ve also 
discussed th e possibility that this ;11 11;110 binding is a techni caJ artifact 
(Shu el a/, 1977; Burrows ef a/, 1993) because of the lack of nuclear 
deposition of complement compo nen ts I. In contrast, T uffanelli 
(1975) argued that th e ;11 11; 110 binding was not an arti f., c t. because 
in their experience the same patients showed the sam e phenome
non repeatedl y. Cellul ar pcnetration of anti-RNP TgGs has also 
been dem onstrated by Alarcon-Segovia el a/ (1978), w ho showed 
that the antibody penetrated live human mononuclear cells through 
Fc receptors. Ga loppin and Saurat (1981) studied the ;11 11;1' 1> binding 
of anti-RNP and anti-DNA an tibodies to a cell suspensio n of live 
ke ratinocytes. They found that 70% of the cells had speckled 
nuclear staining with anti-RNP antibodies, and 10% of the cells had 
homogeneous staining w ith anti -D N A antibodies . R ecen t immu
no histologic studies have also sugges ted the possibili ty of ;11 11; 110 

binding (Velthuis ef a/, 1990; Burrows el a/, 1993); murin e mono
clonal anti-DNA antibodies inte racted w ith living m o nonucl ear 
cells and penetrated the T cells, thu s resulting in pCli nucl ear 
staining o r in tranuclear glob ular staining by a pero xidase immuno
histochemical techniqu e (Okudaira el ai, 1987). 

T here are many strains of autoimmune-prone mice, including 
N ew Zealand mice, BXSB mice, and MRL/lpr mice (Theofilopou
los and Dixon, 1981) . Altho ug h these autoimmune mo use strauls 
show subepidermal IgG deposits at tllC DE], epiderm al ce ll nuclear 
staining using direct immunofl uorescence was rarely fou~nd (Fu
rukawa e/ a/, 1986). T hus, the aged MRL/ n mouse is a better m odel 
for the in vestigatio n ofepidennal cell nu clear staining. In halfofthe 
aged MRL/ n mice , epidermal cell nucl ear sta ining was demon
strated. as were nucl ear IgG deposits in the kidn ey. These findings 
correlated significantly with the ;11 tI;tro binding of m ouse sera or 
purified IgG to keratinocytes cul tured fi'o l11 newborn MRL/ n mice. 
Based on these findings and reccntly published data (GaJoppill and 
Saurat, 198 1; Velthui s ef a/, 1990; Burrows el a/, 1993) , it is not 
likely that epidemlal cell nuclear binding occurs simply as a result 
of contaminatio n by diffusa ble ANA in the dermis that gain accCSS 
to the epiderm al cell nuclei dllling the p rocessing of the specimens. 
irrespective of whe ther a speckled or a homogeneous staining 
pattern was observed. 

It is believed that the /1'1" mutation ca uses the acce leration of 
subclinical autoimmune phenomena in MRL / n mi ce (Theofi lopou-

, Gi llimn IN. Smiley J D, Ziff M: Association of mixed COllncctive tissue 
disease (MCTD) with immulloglobulin loca lization in epidermal nuclei of 
biopsies fi'o m areas of normal skin . C li" Res 23:229A. 1975 (abstr.) . 
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los and DLxon, 1981; Theofi lopoulos, 1995). Although the Ipr 
mutation has also been reproduced in severa l other m o use strain s, 
such as the C3H, C57BL/6], and ARl{. mice, these strains did not 
show severe lupus nephritis, vasculitis, or arthritis as did the 
MRL/lpr mouse, except for the appearance of Iymphoprolifera
tion, the presence of rheumatoid factor and a decrease in IL-2 
production (Takahashi el ai, 1991; Berney el ai, 1992). Thus, in 
order to inves.tigate autoimmune phenomena in MRL/lpr mi ce, it 
is im portant to exami ne the au to immune disease-prone genetic 
background of the MRL mice . From this study, we can conclude 
that the Ipr Illutation accelerates the progression of a mild type of 
system ic and cutaneous connective tissue disease into a more severe 
type, especially in the MRL mouse strains. 

N ext, the mechanism of action of the Ipr Illutation was ana lyzed . 
The results ofF1 and F2 hybrid mice ind icated that the Ipr mutation 
regulates Iymphoproliferation and subepidermal IgG deposition at 
the DE], which is a characteristic ofMRL/lpr m ice (Furukawa el ai, 
1984). Interestingly, the appearance of macroscopic skin lesions 
was not regulated by the lpr mutation. T he appearance of macro
scopic skill lesions was therefore though t to be due to the Ipr 
mutation p lus an additional fac tor, which pmbably affected the 
induction of these macroscopic skin lesio ns in an autosomal dom
inant fashion . The candidates for such an additiona l f.'1ctor may 
include environm ental stimuli such as changes in temperature, 
u ltraviolet light, and bio logic stress (Horigll chi el ai, 1987; Fu
rukawa el ai, 1993a) . 

T his ",ork ",as supporled Ill' n grall/frolll /lIeJnpnllcse Miuisl,l' of Edllcnrioll , Sciwce 
alld C uI/lire. 
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