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The semantic concepts of "con e tissue disease" and "ollage

diseas,"proposed eti y by Elingel and by er, Poalck
and Baehr,2 have stimulated many investitons of the normal and
pathologc physiology of the connetive tissues and have contributed
significantly to the body of knowledge this cfusing area. In the
past, however, attention has been focused primarily upon the late
stages of the "collagen dies" and their structural manifestations,
notably fibrinoid degration or necrosis, and icatrzation. Di
nated lupus erythematosus, scieroderma, and d yositis, little
understood members of the group, have been con ous subjects for
retrospective analysis.
The present investigation rests upon an amion and attpted

elucidation of certain apparent antecedents to the fully developed
lesions een in these diseases Although the evidenceb upon the
nature of collagen disease has been lagely hypothetical, a basis in
hypnsitivity has been implied suiently often to warrant further
attention. Indeed, the recent work of c, Lewis and Bortz,8

rminmating gamma globulin in the developt of the LE cel phe-
nomenon, has provided a s tial spur in the same direction. The
major premise of the present nqury has been derived from the well
known ion between circulating antiodies and the gamma
globulin fraction of serum protein. The possibility that coagen dis-
eases, and particularly those mentioned above, might follow a hyper-
immune reaction, has prompted an exploration of serums from patints

* Supported by US. Pubic Heah Servie, Grat C-245I.
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aflicted with the specified disorders for the presence of specific anti-
body.

mma globulin and raw serums from individuals with vaious
so-called collag dis have been employed as histochmical stains
against autologous, homologous, and heterologous tissues, by the
fluorescent antibody teniques developed by Coons and associates."7
A b..dig by tissue compoents has been taken as presump
tive evidence of local antigen-antibody precipitation, reflecting the
presence of either true crculating antibody or an entity possessig
similar traits within the original test serum.

Preliminary experimental results have revealed a bizarre but none-
theles reproducible reaction between cllular nuclei in hman and
a tissues and an active agent seemingly present in the serum
gamma globuln fractions of patients with disseminated lupus erythem-
atosus (DLE), scleroderma (SCL), and dermatomyositis (DMS), as
well as in cases of clinical rheumatoid arthritis presenting positive LE
cell tests. Positive reactions have been characterized by a staining of
nudear material by test serum globuln labeled with fluorescent dye,
when ewed in a fluorescence microscope under ultraviolet light. The
speific nature of this hitherto unreported histochemical llization
is not wholly clear, but some of the more provocative mterpretations
are discussed below and related to problems of pathogenesis and clini-
cal appication. Recently, we have become aware of similar investiga-
tions in progress elsewhere; only abstracts are at hand, however, and
a detailed comparison of data must, therefore, be postponed9

MATEIALS AND METHODS
Clinical Material

Serms. Forty-three samples of serum were collected from 38 se-
lected patients at the following institutions: Robert Breck Brigham
Hospital (R.B.B.H); Boston Lying-in Hospital (BJIAH.); House
of the Good Samritan(H.G.S.); Children's Medical Center; Massa-
chusetts General Hospital (M.GIH.); and Veterans Administration
Hospital at West Roxbuy, Massachusetts (VA .). Within the col-
lagen disease group, specmens were obtained from patients with acute
dissemted lupus erythematosus (5 cases), discoid lupus (i case),
scleroderma (6 cases), dermatomyositis (2 cases), rhe toid arthritis
(8 cases), temporal arteritds (2 cases), and glomerulonephritis (I
case). A single serm specimen from a patient suffering from a peni-
cillin reaction was also examine Controls included serm from young
and old individuals of both sexes, normal women in early and late
stages of pregnancy, and patients with pre-eclamptic toxemia, acute
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BARDAWIL, TOY, GALINS AND BAYLES

edampsia, and hydatidiform mole. A detailed listing appears in Table
I. Each case was classified according to prevailing clinical and patho-
logic diagnostic standards, and most patients were seen personally by
one or another of the authors.

Blood drawn from each patient under sterfle conditions was reduced
to serm, distnrbuted in aliquots, quick-frozen in an acetone-dry
ice mixture, and stored at-7' C. until required.

Tissues. Fresh surgial specimens, representing a variety of normal
human tissues, were secured at the Robert Breck Brigham, Peter Bent
Brigham, and Boston Lying-in Hospitals, and at the Children's Medi-
cal Center. Fresh les of rabbit tissue, including the major organ
systems, were used in addition. Necropsy material, although employed
in the initial phases of the study, was found to be unsatisfactory. Each
portion of tissue, as excised, was placed in a test tube and quick-frozen.
Samples were stored in a deep freeze unit, and hardened over night in
dry ice before cutting.

Preparation of Serum Conjugates
Globulin Fractioxation. Serums were separated into crude globuln

fractions at o° C., with gentle mehanical stirring, accordig to the
procedure of Coons.10 An initial sample, generally about 20 to 40 mL,
was diluted with an equal volume of normal saline. Saturated am-
monium sulfate was added drop by drop with stirring, yielding a solu-
tion half saturated with respect to the precipitant. The turbid protein
suspension was stirred for some time, and then stored over night in the
cold to permit the reaction to reach completion. After centrifugation
and washing with half-saturated ammonium sulfate, the globulin was
dissolved in saline to approximtely one third of the iginal volume,
and then dialyzed in the cold against saine buffer4 to remove both
sulfate and ammonium nitrogen. The opalescent protein solution was
protected with merthiolate in a fin concentration of I: io,ooo and
stored at 40 C.

Conjugates. The globulin fractions were conjugated to fluorescein
isocyanate as dscribed elsewhere.4 Absorption, as performed in the
classical procedure, was omitted to prevent removal of active principle
by tissue nucleL Globuin fractions and conjugates were spotchecked
for purity by paper-strip electrophoresis; patterns indicated concen-
tration in the gamma globulin region, with only traces of albumin. The
Latter did not interfere perceptibly with later procedures. Conjugates
against human albumin (AHA; supplied by Dr. D. Gitlin, Children's
Medical Cenmter, Boston, Massachsetts) and gamma globulin (AHG;
supplied by Dr. C. Liu, Department of Bacteriology and Immunology,
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COLLAGEN DISEASE

Harvard Medical School, Boston, Massachusetts) were prepared by
active immunizato of rabbits, whle that formed against rabbit
gamma globulin (ARG; supplied by Dr. B. L. Watson, Department of
Bacteriolgy and Immumology, Harvard Medial Scho) utiliz
goat antim. The fluorescet conjugates used in direct staining pro-
cedures are at in Table II.

TA II
Muoscet Coxjuas for Drec Stxg

Codc l~tD

SCL la-F SCL I Sdrodrma;edampaN 2 mI pot prtUM
SCL lb-F SCL I Sclerd_erma; m acute
SCL Ic-F SCL I Sdernna, amps s m- pot partum
SCL IIb-F SCL II Sclud_n,
DLE I-F DLE I D_Imninatep erythematosus
C I-F C I Cmtol; eay nomi p
C 11-F C II Contrl; term normal preCgnaXy
C M-F c m Control; pre-edamptic toxemia
AHG Rabbit anti-human gama globlin
AA Rabit iuman albmin

Cass ote than ths listed here have bema intestiated by iwret Far
ny oum s the Col_Me cnte rr for dlr±Ct staiin r tk3uS

has bes d l by an ase IF' ing thesm n num: SCL E>-F.

Tissue Preparation
Sectiong. Frozen d prehardened blocks were cut at 5 I in a

cryostat at -17' C. After taing on a fin p and air drying at
room tpature under a fan, the unstained sections were stored in
the cold.

Fixation. Most stains were upounfixed material. Other
tissues we fixed in 5 per cent formalin or 95 per cent ethanol for s
minutes at 370 C. Absolute met and anldrous acetone, IO
miutes at 370 C., were also used.

Histockemical Procedures
Staining. Although unstained material was set aside occasionaly

for as long as 3 days after cutting to detemine stability, sections gen-
eraly we staid within an hour after p atio Both the direct
and thei t or layering methods rere used.

In the direct tehnique, tissues w staid with specific conjugates
containing fluorescein-labeled gamma globulin, and loald precpitation
of fluorescent material was presumed to indite sites of immune re-
action. When fixed, tissues were dried in air at 370 C. for 30 miutes.
After a 5 minute wash in saline buffer at room temperature, each slide
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was laid flat and a drop of the proper conjugate spread over the tissue
The on was in a with tagged prtein for 20 muteswhere-
upo fthe stained slides were washed once in buffer for io minutes,
to elute unbined cojugate. A n cover slip was mounted on
each slide with a drop of bfered cerol
The diect method csisted of bathing the tissue with unconju-

gated serum, washing, and then staining with laled anti-gamma
globuln antiserum to localize any specific antibody preciptated from
the serum di the first step. BecaLse of a probable multiplication
of bnding sites when fixed antiody serves in turn as antign, this
technique Eis cndered s at more sensitve.7 One drop of the
serum to be evaluated for antibody content was incuted with the
tissue under a hunidifier for 20 minutes, whereupon the secon was
washed 5 minutes in saline buffer to remove uncombined protein, and
then stained for 30 minutes with a conjugate aginst gamma globulin.
The section was washed once again in saline buffer for 5 minutes,
mounted in buffered glycerol, and ined Wen hnman serums
were tested, the sections were counterstained with conjugated rabbit
anti-human gamma globulin antiserum globulin (AHG), with con-
jugates AHA and ARG as controls.

Antigen Removal Tests. Specific enzymatic digestions were per-
formed upon tissue sections; in most instance, a drop of enzyme
solution was incubated on the tissue for i to 5 minutes at room tem-
perature, followed by washing with saline buffer. Crystalline deoxy-
ribonuclease (Nutritional Bio icals Corp., Cleveland, Ohio) was
used at cotrations of o.oI to I.o mg. per ml. of buffer at pH 7.1.
CrystaRine bovine ribonudease (Worthington Biochemical Corp., Free-
hold, New Jersey) was employed at a maxium oentration of I.0
mg. per mL Both enzymes were made up in the special phosphate-
carbonate buffer* recommended by Wilbur and Anderson.

Light trypinizaion of the tissues was carried out to yield either
destruction of the reactant or enhancement of the reaction; the latter
possibility was suggested by the worl of Coffin and Pickles," who
demonstrated the ability of trypsin to restore the specific agglutinating
apacity of periodate-treated erythrocytes. Trypsin, as a solution of

Viokase P-I3oD diluted to I:Ioo, was incubated with the tissue at
370 C. for varying periods up to IS minutes. The results of the several
digestions are shown in Table m.

* Composition of speial buffer as follows:
KHIPO, ooog4 M NaBCO6 oQoxS M
K5HN) Oo12S M Sucrose o.4S M
Specif gravity at 25SC.: 1.023. Slghtly bytonic: 0.7 X isotonic. pH 70.
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Immunlogic Inhibitions. The specificity of histohical binding
was explored in a number of inhibiti procedures, as represented i
Table IV. In direct inhibition tests, or so-called auto-inhibitions, the
dssue was treated first with an unconjugated serum, and then with the
conjugate of the same serum; abolition of staining was presumed to be
due to a blockade of biing sites by the raw serum. Cross inhibiton
produ c d of attepted stining of a tissue by the conjugate
of a serum following prior exposure of the ction to unconjugated
serum from a differt et.

Microscopy
After staining, sections were inspcted by ultraviolet fluorescence
moscopy. Standard moncular microscopes with dark-field con-
densers were Ilunminated by automatic feed carbon arcs. Visible light
was screened out by a copper sulfate cell and Coming No. 584o filter,
while stray ultraviolet was removed at the ocular by a disk of Euphos
glass. Specimens were ispected at magnifications of 8o, 200, and 400
times. The underside of the slide was sealed to the condenser with a
drop of nonfluorescet immersion oiL

Photography
All typical reactions were recorded in both monochrome and color,

using twin Leica 35 mm cameras with Microipso attachments, the
oculars of which contained Euphos filters. Black-and-white photo-
graphs were made on Kodak Tri-X film, exposed 4 to 8 minutes de
pending upon image itensity. These were developed commercially.
For color, Anscochrome daylight emulsion was exposed 8 to IO minutes
and processed to an ASA rating of 200, rate than at the usual speed
of 32. The stage coordinates for h fame were recorded, and the
slide was later counterstained with hto li and eosin for topo-
graphic correlation. R TS

Stainig Reactions
Various autologous, homologous, and heterologous idssues were

stained by both the direct and indirect methods. In every case the
histocheinical aget was protein labeled with fluorescein isocyanate.
In all 5cases of DLE, in 4 of 6 patientswith SCL,andin the single
case of active DMS med, tissue nuclei were stained intensely,
fluorescing as a brilliant chartreuse green under ultraviolet light.
Intranuclear localization was confirmed by subseuent htoin
and eosin counterstaining of the same slides, as iustrated in Figure so.

614 VOd. -, NlO. 4
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In this report, the term "positive reaction" impies such bining of
protein by i u maL
The two negative cases of SCL were inically inactive. Irregular

positive staining was observed in some of the serums from patients
with rheumatoid arthritis, being especaly marked in those demon-
strating a positive LE cellphenomo The reaction was negative n
cases of temporal arteritis, glomerlonephritis, the case of penicillin
sensitivity, and in the dozen control patients.
The direct and indirect tehniques were mutualy confirmatory; a

given test serum was positive by both methods or not at aOl. Nucldei
generally were stained more intensely by the indirect or layering tech-
nque. It should be noted, however, that sections stained directly
showed llition only within the nuclei of tissue cells or, ocasion
ally, in sites of focal necrosis; the bground was unstained and dark,
save for itrinsic autofluorescence. W-ith the idirect tehnique, the
finl staining with anti-gamma globuln produced a generalized histo-
chemical localization of ths proti, eeialy in vascular lumens and
extraclular nmterstices. Positive nuclear reactions, fortunately, were
found only with seruns positive by the direct stain, and never after
direct anti-lobulin staining alone, so that idiiminate labeling of
tissue globulin introduced no ambiguity.

Although it is customary to absorb fluorcent conjugates against
desiccated tissue wder preparations, is step was omitted to prevent
interference with the reactions by exposure of the reagents to intra-
nuclear materiaL Indeed, bnding was impaired or ihibited altogether
by prior absorption. Micher and Fauconnet,1 it may be noted, were
able to absorb the factor involved in the LE cell phenomenon, using
isolated cell nuclei.
A curious mverse relation between nuclear and cytoplasmic taining

was observed occasionally. In vigorously positive reactions, nudei
alone appeared to bind conjugate; with weak or negative reactions,
however, a faint sining of tplasm was seen. Typical positive and
negative reactions are shown in Figures I to 3 inclusve.

Effect of Tissue Fization axd Aging
Positive reactions were not prevented by fixation of the tissue in

formalin, acetone, or alcohoL Although autofluorescence incread
steadily with tissue aging, the nuclear substance opeating in the
reactions appeared stable in this respect; susful trnuclear bind-
inghasbeen found in sections kept at 4 to 50 C. as long as 7 days after
cutting. Tissue blocks have been stored at least i8 months in a dry ice

JUIY6-Aug t958
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refrigerator with no parment of nuclear ctivity. In the present
investigation, however, sections, as a rule, were stained within an hour
after cutfing, and were unfixed unless otherwise noted.

Corrdation wih the LE CeU Preparation
As shown in Table I, pitive nuclear bding of gamma globulin

generally paralleled positive LE preparations with serum from the
same patient. The converse, however, did not hold, for a negative LE
cel test did not preclude a positive reacff with nucei

Effect of Heat and Moisture
Heating the conjugate andtssue slices at 560 C. for 30miutes did

not prevent a s equent positive reaction, if the fissue rmied dr.
Some sections were hted dry up to 650 C. for 30 miutes with no
apparent m effect W ming in a humid atmosphere, or after direct
moistening of the section, blocked the reaction.

Role of Autolyzed Protein
Frequently gamma globuln from cases of DLE, SCL, and DMS

reacted with pyknotic cells or necrotic tissue constituents, with a re-
sultant fluorescence of apparent nucr debris. To determine whether
the type of positive staining reaction under ex n ion i the present
study reflected hapha bi with autolyzed protein, frozen sec-
tions were prepared from homotransplants of rabbit liver 12 days
following the surgical proeure and treated with conjug against
both albumin and globulin No staining whatever was observed in
nuclear sites, or in the necrotic central portions of the grafts. Only the
cytoplasm of peripherally disposed cells was stained, evidently because
of a passive centripetal diffusion of host serm protein.

Chemical Aspects of the Nucdear Bindi Reaction
Role of Serum Proteins. The prceding erimental data, particu-

larly the results of indirect reactions, strongly suggest that the active
serum principle is, or shares in the properties of, an abnormal gamma
globulin. To ascertain the connection, if any, between serum protein
and the reactive substances within cell nuclei, all tissues studied were
surved opo icy for albmnin and gamma globuln by the use
of specific antiseru conjugates. All stains were direct. Since nuclei
consistently failed to be stained, they were presumed to lack significant
concentrations of idigenous albumin or gamma globulin; hence the
rctions probably were not mediated by the presence of these protein
fractions within tissue nucleL It is well to note that on the basis of the

6I6 VdI. 34, NfO. 4
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indiect stain reaction performed here, as well as various protein
loalizations to- be reported elsewhere, the anti-blood protein conju-
gates employed in thsstudy "appeared to sanboth nra n
abnormal serum proteins alike.
Role of Deoxyriboucleic Acid and Ribonucleic Acid. The partia-

pation of nudeoptein was investigated by enzymatic digestions with
specific nudeoproteinases. The staining reaction was inhibited by prior
exposure of the tissue to deoxyrlbonudease for I miute, at concen-
trations of o.os mg. per mL or more, but not by iubation with the
same enzyme for 2 minutes at 0.OI mg. per ml or greater dilutions.
At practically all concentration levels, ocasional nuclei were nonre-
active, but a gradually incr inhibition was observed as the level
of deoxyribonudease was raised (Figs. 4 and 5). Ribonuclease, on
the other hand, failed to prevent a positive reaction, as shown in
Figure 6, even at a strength of I.0 mg. per ml. for 5 minutes. The same
buffer in which the nuceases were dissolved did not inhibit the reaction
after a 2 hour contact with the tissue.

Effect of Tryptic Digestio. Crude in (Viokase) was used
upon sections of skin and placenta, in a dilution of I:Ioo, and at
varying intervals up to a maximum of I5 minutes. Within the first 5
minutes of digestion, the cytqpam of cells was destroyed, leaving
behind free nudei which nevertheless showed a bright staining re-
action. The stain was abolished completely by the end of I5 minutes.
In the case of skin, the cytoplasm of epitheli cells was digested away,
therere isolated faint and shadowy remnants of nudei, which
appeared slightly autofluorescent. Placenta was destroyed almost en-
tirely, save for scattered leukocytes which may have survived because
of intrnsic antitryptic defense mechanisms. These cells appeared un-
affected by trypsin and indeed were stained by the labeled abnormal
gamma globulins.
%-, ~~Serum Ixkibtion Reactions
Auto-inhibition. In every instance, nuclear binding was blocked

wholy when a tissue was treated first with an unconjugated abnormal
gamma globulin, and then with a fluorescent conjugate of the same
serum protein (Fig. 8).

Cross-hsibion. Cross-inhibition reactions were performed among
the serums from different cases of DMS, DLE, and SCL. The results
are presented in Table IV. Serums from lupus patients frequently,
though not invariably, showed a capacity for mutual inhibition. These
serums, however, generally failed to block the binding of gamma
globulins from cases of SCL. The results also varied somewhat accord-
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ing to the organ tested. DMS serum, as represented by the single
active case studied, failed to inhibit either DLE or SCL. A typical
cross-inhibition reaction is mustnted in Figure 9.

DISCIJSSION

Immediate Implcations of Experimet Findings
Patients afflicd with DLE, SCL, and DMS, and also those with

rheumatoid arthritis showing a positive LE ll phomen, appear to
carry with their srums an unusual protein constituet p a
reactive affinit with one or more intuclear nudeoproteins in hman
and animal tssues. This active serum component remains with the
globulin fraction after crude ical separation, and can be tagged
specificaIly by fluorescent conjugates aginst gmma globulin. It is
possible to the abnormal globulin of such patients with the
various auto- and cross-inhibition procedures employed by Coons and

an4 as measures of immumologic spcificity.
The intranuclear tissue reactant which binds abnormal gamma

globulins from test patents maybe digested ematcally by deoxy-
ribonuclease solutions above a concntration%level of o.os mg. per mL
within two minutes, while more dilute solutions appear to affect the
tissue component only incompletely or not at alL Ribonuclease, in
contrast, does not alter the reaction perceptibly. The receptivity of the
intranudear factor is not abolished by prior trypsinization of the tissue
sections, except at concentration levels suient to destroy the nuclei
altogether. Fixation as decribed does not impair the reaction.
The gamma globulin-nudeootein reaction is not inhibited by heat-

ing the tissue for 30 minutes at 56' C., but it is blocked, however, when
the section is warmed in a moist chamber. Reactivity is not restored
by the addition of fresh guinea p serum,ndiating that complement
probably is not required in the in vitro nur binding phe non.

Since a positive reaction may be observed after heating the issues
and conjugates to 65' C. for 30 minutes, it is notlil that the com-
bination of abnormal gamma globulin with nucleoprotein depends upon
enzymatic activity.

Thus, in the coOlagen diseases under investigation it would seem that
affected patients possess a gamma globulin which behaves at least
superficially like an antibody, and hence is designated provisionally as
such i this report. This putative crculating antibody binds consistent-
ly with an intnudear substance, involving, for its reactive identity,
at least DNA and perhaps also an unspecified protein moiety. The tis-
sue reactant is not spedes specific, occurrmg m autologous, homo-

6I8 VdI.W, No. 4
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logous, and heterologous nuclear materiaL On the basis of available
evidence, it appears to be nudeoprotein containing DNA, and may be
regarded as an antigenic substance.

Histologic Correlations
The capacty of abnormal gamma globulins to react with nuclear

materials, in the opinion of the authors, is the overt expression of a
fundaeWntal disturbance common to at least DLE, SCL, and DMS,
and possibly other collan diseases as well. The nuclear binding trait
does not appear limited solely to those patients with positive LE
reactions; cases of SCL, among others with negative LE cell prepara-
tions, exhibited positive nudear staining responses.

In al probability the LE cel inclusions and the basophilic bodies
commonly found in DLE are interrelated phenomena On the basis of
histochemical evidence, KMlemperer, Gueft, Lee, Leuchtenberger and
Poistera regarded the two structures as one and the same, and the
finding of DNA in both has made their nuclear origin indisputable.

Alteration of the nucleus appears prerequisite to the development
of the LE cell inclons and basophiHc bodies, as was demonstrated
in vitro by Snapper and Nathan16 in a ae of DLE; little imagination
is necessa to extend the same factiti process to the basophilic bodies
as welL The interrelationship is tengthened further by the fact that
the formation of both structures is mediated through the gamma
globulin serun fraction of affected patients. Haserick and his col-
leagues3 were able to duplicate the LE cell phenomenon with serums
free of gamma globulin, whfle Gueft1T reported the presence of un-
usually large amounts of protein within LE cell inclons. Mellors,
Ortega and I have loalized gamma globuin in the
inclusions by means of the fluorcnt antibody technique. It may be
concluded, therefore, that nuclear alteration or the formation of baso-
philic bodies is the initial step in a developmental sequence; this is
followed by cytophagocytosis resulting in LE cells. Since both nuclei
and serun gamma globulin are involved in the formation of basophilic
bodies and LE cell, these agents probably also participate in the
nuclear binding trait reported here; the latter effect thus may repre-
sent a broad and fudamental on related to the pathogenesis
of the several disease under investigation.

Cinicopatkologic Correlations
The literature devoted to DLE is extensive, and only a few key

references need be cited.2' The salielntdiicopathologic features
have been summ arze by Dubois.2 Available information on SCL is
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ncreasing rapidlry,2428 and DMS, the least common of the three, has
been discussed at length by Keil2' and by Kinney and Maher.31
The question of whether DLE, SCL, and DMS reflect one and the

same diesprocess has long been the basis for diagreement Indi-
cations of similarities and differences have been as numerous as the
authors proposing them. Recently Kapmeier has submitted exam-
ples of interconversion in support of a hypothesis that all of the
s-called collagen dis are inherently interrelated. On purely clini-
cal grounds, Beilman, Goldner and Bayles33 have classified DLE
and SCL as expressions of a common disease m nism which, when
acute and severe, is seen as DLE, and when chronic and benign,
appears as SCL. The classification of acrosclerosis is also controver-
sial2" Because the single case studied in the present survey gave
strong and reproducible nuclear binding reactions, the authors believe
this curious disease may be considered a variant of SCL.
As a result of the expermental findings described here, as well as

other work still in progress, it appears likely that the nuclear binding
trait may reflect a natural phenomenon which is genuine, basic, and
common to DLE, SCL (including acrosderosis), DMS, and possibly a
number of other diseases as welL The latter would include those cases
of rheumatoid arthritis accompanied by positive LE preparations.
Should these several clinical forms not be identical, they nevertheless
appear to share similar properties, at least in relation to a demonstrable
reactive affinity between serm gamma globulins and DNA-protein.
The binding trait can be blocked by auto-inhibition, and-at times

-by cross-inhibition. The former tests were consistent, but the latter
gave variable responses. In any consideration of inhibition experi-
ments, it is well to bear i mind the reversibility of antigen-antibody
combinations. The matter of concentration, not ivestigted thorough-
ly at this time, is also of great importance. It is noteworthy that a
typical positive reacting serm from SCL, SCL llb, which by itself
gave onstantly itense reactions, regularly failed to cross-inlibit a
weaker conjugate from DLE, DLE I-F.
From the results of the various ihibiton tests, one may conclude

that siensitization i one case may be due to one or more DNA-proteins,
while in another patient the responsible tissue reactant may be one or
more antigenically distinct DNA-proteins. Regardless of the initiatng
agent, the common end result is the same fundamental pathologic
sequence. Patkogenetic Considerations

Since the publication of the concepts concerng connective tissue
disorders by Klingel and Klemperer,2 and the iclusion of SCL i this
group by Masugi and Ya-Shu,35 these disorders have been ascribed
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generally to some sort of allergic state. A basis in theimmunt
mechanism, however, was supported princialy bYsuPerficial morpho-
logic considerations, such as the npecific features of fibrinoid de-
generation and yaliniztion of connectivetissue. Despite many other
theories HY iv remains in broadest favor, even though
supporting evidence in theliteraturehas been onlyf entary.18,443

Inaddition to the auto- and cross-inhibition tests reportedhere, the
results ofanimalexperimentation offer strong, although not absolute,
evidence in support of ahyperimmune nism. Inthis laboratory,
folowing the active immuniion of albino rabbitsaginstcalf thymus
nucleoprotein, the serm gamma globulin from theseanimals exhibited
the same type of i ical reaction seen in our clinical cases.
There wasbinding not only withcallthymus nulei, but also with the
nuclei of other autologous, homologous, and heterologoustissue. The
experimentally produced rabbitantIsermains nudeoprotein, more-
over, showed not only auto-inhibition but also positive cross-inhibition
with theserums of somepatients. Details of the animal series, and of
various confirmatory iX vitro procedures, will befurnished in a subse-
quent report-*

it is appropriate toinquire in whatmanner sensitization may occur
initially. No concrete answer can be offered at the present time.
Relying, however, upon the experimental evidence of non-species
specificity in thegamma globuli-nucleoproten biding reaction, it is
suggested that sensitizaion, whether immologic or not, may begin
as a response against heterologous nucleoproteins, becoming manifest
thereafter as autoimmunity agaist one or more native ntranudear
substances.
One possible pathway for the development of the disase process

may be through intr-uterine sensitization aginst fetal or pltal
tissues. The first ase investigated, SCL I, did not show positive nu-
dear staining until an episode of acute eclam . Id, this patient
hasr temporally her various meical problems, including SCL,
to the onset of eclamptic seizures, daiming good health before that
time. SCL i this patient has remained clinicaly active during the i8
months she has been followed, and her serum specimens have prested

* Sincethe prepazation of the cprnrnt manuscript, a pibt study has i_kae that the
hitdochemical p escribed hee may be dupiated in viv by tecniques based
upon the genral e of hyp tvity agat n tein, the po-
bility of eventual of the dse compl by artificial umns. Rabbit anti-
histone antueSum has exibited identical nucea s caty, as well as cr ihi-
bition with srnm from a cse of human _clerodem A p y report has bee

blshed eds_ere (Bardawi, W. A.; Toy, B. L, and Gans, N. Hyp ntvity to
h~owe induced experimentaly in rabbits. [Prelimina I LAcet, I98,
I, 888889). Tse fi ave bew co,d by a s t in v-esigation currely
in progr ; further debwislm be reperin the near future.
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strong and onstant positive nuclear reactions during this period.* The
problem of intra-uterine senstization in animals has been explored by
Brambell, Hemmings and Henderson."
The apparent sequential assocation between collagen disease and

antecedent s t l infections is well known, albeit poorly under-
stood. Swineford and Holman, in 949, reported a tendency to
delayed local reactions following imm ization with crude nucleopro-
tein extracts from a number of bacterial species, including both
Streptococcus vridas and Streptococcus hemolyticus. Bacterial or
viral DNA-protein, derived from invading micro-organisms, merits
inclusion in a list of hypothetical heterologous antigens.
Once established, a state of sensitivity may be maintained by the

small amounts of nucleoprotein liberated as cells perish spontaneously,
as in physiologic necrobiosis, or are destroyed by pathologic events.
Bunting" has described the miterstitial accumulation of deoxyribonu-
cleoprotein in areas of necrosis within a number of organs. Bilhingam,
Brent and Medawar4' have preSented dence that, at least in the case
of reactions to Skin tansplantation, nucleoprotein hypersensitivity ap
pears to be a significant factor. The same investigators have suggested
that the release of nucleoprotein from living cells in the body may be a
normal and constant occurrence.
Trauma may play an important role in the pathogenesis of certain

lesons in a given disease, very much in the manner proposed by Mas-
sell, Mote and Jones"4' in the formation of subcutaneous nodules in
rheumatic fever. The possible implication of some type of enzymatic
actvity has been studied by Sclamowitz, DeGraff, Schubert and
Morrison5' in connection with rheumatoid arthritis.
The elucidation of what, if any, role is played by the establishment,

maintenance, and interruption of nuceoprotein hypersensitivity in the
clinical course of patients affected with DLE, SCL, and DMS must
await the results of furtlri y. In fact, a better understanding of
the natural history of the DLE-SCL-DMS complex wil follow upon
improved knowledge of nucleoprotein metabolism in both normal and
deranged states.

A peculiar binding trait of gamma globulin has been observed in
patients with d inated lupus erythematosus, scleroderma, and
dermatomyositis. By the use of fluorescent antibody techniques, this
serum factor has been shown to possess a reactive affinity with intra-
nuclear material, probably d-eribonucleoprotein, within autologous,
homologous, and heterologous tissues. The findigs are correlated and

* nTis p±ait has died 24 moths aftu the onsxof d_isee, with neropy find
typial of g aized rip nri .
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prompt the suspidon that the above diseases, and perhaps related con-
ditions such as rheumatoid arthritis, may be manifestations of a com-
mon disease process initiated by sensitiion aginst either itrinsic
or exinsic nudeoprotein. Nuclear bindig apears to require the
partidpsation of DNA but not RNA, and t probably is not
involved in the in vitro phenomenon. The pa s of so-cafl
diseases of collan, as represented by those ivtigated, is discused
briely.
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LEGENDS FOR FIGURES

Figures I to 9 inclusive ph d by ltravioe ligt florescence micro-
sco a ds in text

Fm I. Homogu positiv nuclear staining of normal immature human pcenta
by conjugate from casSCL Ia-F. Direct timique. X IoO.

FEm 2. erologous positive sining of normal rabbit livr by serum from case
SCL IL, folbowed by andi-human gamma glbulin conjuWate AHG. Indit
te X 260.

Fm. 3. TYPical netive nuclear reaction, by indirect tedmiqul Normal human
placenta, stained by ani-human gamma glob conjugte AHG. X 260.

Fm.t Digestion of normal human pcenta by deoxyibonuclease, at c entation
of 1.0 mg. per ml for 3 utes, with sub t idi stain by serum from
case SCL IIL followed by conjugate AHG. Note inhibition of nuclear bin
reaction X 260.

Fm 5. Digestion of normal human skin by deoxynbonucse at oncentratio of
0.01 mg. per ml. for 2 miMntes, followed by diret stain with conjuate DLE
I-F. Note faihue to iibit reaction. X Ioo.

FRG 6. Normal immature human pcnta, sted with serum from case SCL II,
followed by conjugate AHG, after prior igo by ribone for S minutes
at a entratio of x.O mg. per mL Note fablre of rinuckase to inhhli
o dg ci X 260.

FIG. 7. Homolgous positi nuclear staining of normal hmnan kidney by conjugate
SCL fib-F. Dir te iq X Ioo.

Fm. 8. Abolition of nuclear binding ration by auto-inhbition. Normal human
kidney stained with serum fmca SCL II, followed by conjugte SCL Ilb-F
from the sames X ioo.

FIm 9. Faihlre of cross-inhibition to aboiLsh nuclear binding. Normal human kidney
stained with serum from case DLE I, followed by conate SCL Ilb-F. Note
wea stainig of nuclei in oeruh X ioo.
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FIG. io. Normal immature human placenta, showing general topography of a single
vilhus in cross section. Frozen section, stained with hematoxylin and eosin and
photographed by visible light. I, intervilous space; K. syncytial knot; L,
LangIans layer; S, stroma in core of villus; Sy, syncytial trophoblast. X 260.

FIG. ii. Same section as shown in Figure io, after direct staining with conjugate
SCL Ia-F. Note positive nuclear binding reaction, verified by counterstain in
Figure io. Photographed by ultraviolet lght. X 260.
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