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Lymphotoxin Formation by Lymphocytes

and Muscle in Polymyositis

ROBERTL. JOHNSON,CHESTERW. FINK, and MORRISZIFF

From the Departments of Internal Medicine (Rheumatic Diseases Unit) and
Pediatrics, The University of Texas Southwestern Medical School,
Dallas, Texas 75235

AB S T R A C T Muscle pieces from 11 patients with
dernmatomyositis or polymyositis were incubated with
autologous peripheral blood lymphocytes and the super-
nates examined for the production of lymphotoxin, a
mediator of delayed hypersensitivity, using human fetal
muscle monolayers as the target cell. In the case of all
10 active patients, production of lymphotoxin was dem-
onstrated. This mediator was also demonstrated when
muscle alone was incubated from two patients with ex-
tensive cellular infiltration. Lymphotoxic activity was
not found in supernates obtained by incubation of muscle
from nine control subjects with their autologous periph-
eral blood lymphocytes.

Addition of methyl prednisolone to active cultures
inhibited the action of lymphotoxin on the muscle mono-
layers. Lymphotoxin was not demonstrated when breast
tumor tissue from a patient with dermatomyositis was
incubated with autologous lymphocytes. The lympho-
toxic agent in the active supernates had similar chro-
matographic properties to those of a sample of purified
lymphotoxin. These findings suggest that muscle injury
in polymyositis is a result of a cellular immune re-
sponse to an antigen present in involved muscle tissue.

INTRODUCTION
The pathogenesis of the varied manifestations of muscle
injury in polymyositis 1 has not been characterized. A
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1 "Polymyositis" as used in this paper is intended to

include both polyinyositis and dermatomyositis.

number of clinical and experimental findings favor an
immune mechanism. Positive tests for rheumatoid fac-
tor (1-3) and antinuclear antibody (4) have been re-
ported. In some patients, characteristic findings of
systemic lupus erythematosus (5-8) or rheumatoid
arthritis (2) have accompanied those of polymyositis.
Recently focal deposits of C'3, IgG, and IgM have been
identified in the vessels of some patients with active
polymyositis (9) and in association with degenerating
muscle fibers.

Experimental models of myositis induced in rats
immunized with allogeneic muscle in Freund's adju-
vant (10, 11) and in guinea pigs similarly immunized
with rabbit muscle (12) have also suggested an im-
munologic basis for the disease. Weakness and histo-
logic lesions resembling those of human polymyositis
were seen in recipient animals. Kakulas (13, 14) has
shown that regional lymph node cells from rats im-
munized with rabbit muscle homogenate in Freund's
adjuvant induce cellular damage when applied to rat
fetal muscle explants in vitro. Passive transfer of myo-
sitis with sensitized lymphoid cells has been reported in
the guinea pig (15) and rat (16). In none of these
models were autoantibodies or mediators of delayed
hypersensitivity, i.e. lymphokines (17) described.

The muscle infiltrate in typical cases of polymyositis
(18) contains largely lymphocytes and monocytes with
occasional plasma cells and polymorphonuclear leuko-
cytes, resembling lesions for which a delayed hyper-
sensitivity mechanism has been established. Consistent
with this have been the observations of Currie and co-
workers (19-21) who showed that lymphoid cells from
polymyositis patients, when layered on fetal muscle
explants, induce cellular damage. Anti-tissue antibodies
directed at either muscle, tumor, or both have been
demonstrated in a few cases of polymyositis associated
with malignancy (22-24). Antibodies with specificity
for muscle have not been demonstrated in cases not
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associated with malignancy (25, 26). Thus, in spite of
suggestive evidence favoring either a humoral or cellu-
lar immune mechanism in polymyositis, neither antibody
nor lymphokines have been shown to produce muscle
injury in the preponderant patient group.

In the studies described here, evidence has been ob-
tained for the production of a lymphokine, lymphotoxin
(27-30), by peripheral blood leukocytes from polymyo-
sitis patients when these were incubated with autoch-
thonous muscle in vitro. The activity of the lympho-
toxin was measured by its action on muscle cells in a
leukocyte-free system in vitro. This mediator was pro-
duced by the cells of all of 10 active polymyositis pa-
tients examined.

METHODS
Patients. Patients with polymyositis or dermatomyositis

were admitted to Parkland Memorial Hospital, Children's
Medical Center and the Dallas Veterans Administration
Hospital. Their salient clinical features are listed in Table I.
Three patients had uncomplicated polymyositis (type I of
Walton and Adams [18]); six had dermatomyositis (type
II); one, D. M., had type III polymyositis with poly-
arthritis and an SSCA2 titer of 1: 112; and one, A. P., had
polymyositis associated with a ductal carcinoma of the
breast (type IV). All had abnormal findings on electromy-
ography which were compatible with the diagnosis of poly-
myositis. Muscle biopsy carried out in 11 patients showed
a wide range of histologic findings, characteristic of poly-
myositis in 9. The biopsy was read as normal in one case
(S. L.). In A. P., the patient with carcinoma of the breast,
the major alteration noted was marked swelling of the
muscle spindles. With the exception of K. B., who did not
appear clinically active at the time of assay, all cases
showed elevations of muscle enzymes. In 8 of the 10 active
patients at least two enzyme levels were elevated.

Three patients had been under treatment with Prednisone
(McKesson Laboratories, Bridgeport, Conn.). G. R. had
received varying dosage levels for 2 yr, but was in re-
lapse at the time of study on 15 mg daily; B. G. had re-
ceived 60 mg daily for 3 wk before study, but was re-
sponding poorly; and P. R. had received 60 mg daily for
2 days. ESR was elevated in 5 of 10 patients; the latex
fixation test was positive in 3 of 11; antinuclear fluores-
cence tests were negative in all.

The control group consisted of seven women undergoing
elective abdominal surgery: tubal ligation in the case of
four; and cholecystectomy, common bile duct exploration,
and hysterectomy, one each. The lymphocytes of all re-
sponded to phytohemagglutinin (31) and to one-way mixed
lymphocyte culture (32). Supernates from these stimulated
peripheral blood leukocytes showed lymphotoxin activity
in all cases.

Two other control patients were studied. One, G. B., was
an 8 yr old girl with generalized weakness and edema of

'Abbreviations used in this paper: CPK, creatine phos-
phokinase; ESR, erythrocyte sedimentation rate; MEM,
minimal essential medium; PHA, phytohemagglutinin; RP-
MI, Roswell Park Memorial Institute; SGOT, serum glu-
tamic oxaloacetic acid transaminase; SSCA, sensitized
sheep cell agglutination.

the face, hands, and legs; SGOT25 U, CPK 4 U (normal
< 30), and aldolase 10 U (normal < 8). Biopsy of muscle
showed typical vascular lesions of polyarteritis nodosa. The
second, B. R., a 64 yr old man with adult onset muscular
dystrophy, gave a 13 yr history of progressive weakness.
He had a stork-limb type of atrophy peripherally in all
extremities, centrifugal weakness, and selective hypertrophy
of the deltoid muscles; SGOT, 50 U, CPK 56 U (normal
< 71), and aldolase 1.9 U (normal <2.5).

Incubation of leukocytes and muscle. 35-60 ml of hepa-
rinized blood and 2-5 g, wet weight, of skeletal muscle
were obtained from each patient and control subject and
incubated as outlined in Fig. 1. Leukocyte suspensions in
the case of the patients 1-4 and four of the control patients
were prepared by sedimentation in 10% Dextran (Cutter
Laboratories, Inc., Berkeley, Calif.). All other patient and
control leukocyte suspensions were separated by the Hy-
paque-Ficoll technique (33) which produced populations of
lymphocytes and monocytes containing 1%o or less of poly-
morphonuclear leukocytes. Muscle was obtained from the
rectus femoris of seven polymyositis. patients, the deltoid
of three, and the gastrocnemius of one. It was obtained from
the rectus abdominus in the case of all of the control pa-
tients. Fat was resected from the muscle specimen and it
was then cut into small pieces (1 X 1 mm) immediately
after excision and teased apart in culture medium to ex-
posure a maximum surface area. For each measurement
two to four replicate samples of 100-150 mg of autochthon-
ous muscle and 5 X 108 leukocytes were incubated both alone
and together in 1 ml of medium as shown in Fig. 1. The
culture medium, either minimal essential medium (MEM)
or RPMI-1640 (Grand Island Biological Co., Grand Island,
N. Y.), was enriched with vitamins and glutamine and
contained either 10% inactivated human agammaglobulin-
emic serum (Hyland Laboratories, Los Angeles, Calif.) in
the case of leukocytes prepared by the Dextran sedimenta-
tion technique or 10% inactivated fetal calf serum (Flow
Laboratories, Inc., Rockville, Md.) in the case of leuko-
cytes purified by the Hypaque-Ficoll technique (33). In
all instances, penicillin, 100 U/ml, and streptomycin, 90 ,ug/
ml, were added to the culture media. The various lots of
agammaglobulinemic serum and fetal calf serum used were
screened before use and shown to be free of cytotoxicity in
the assay system described below. Test supernates were
dialyzed against culture medium and centrifuged before

EXPERIMENTAL PROCEDURE

LEUKOCYTES MINCED MUSCLE LEUKOCYTES

MINCED MUSCLE

INCUBATION - 48-72 HOURS

SUPERNATES

HUMAN FETAL MUSCLE CYTOTOXICITY ASSAY

FIGURE 1 Experimental procedure for incubation of minced
muscle and peripheral blood leukocytes in production of
lymphotoxic supernates.
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TABLE I

Clinical Findings in Polymyositis Patients

Duration Enzyme levels*
Duration Type of prednisone

Subject Age Sex of symptoms polymyosities therapy Enzyme U

Pr months

43 F 12

13 F 14

13 F 12

50 Mi 4

9 F 12

8 AI 21

I

It

II

I -

II 12 months

10 F 67 II

60 F 6 I XV

57 AI 24 3 wk

60 F 0.8 I1 2 days

39 F 18 III

SGOT
CPK
Aldolase
SGOT
CPK
Aldolase
SGOT
CPK
Aldolase
SGOT
CPK
SGOT
CPK
Aldolase
SGOT
CPK
Aldolase
SGOT
SGOT
CPK
SGOT
CPK
SGOT
CPK
Aldolase
SGOT
CPK
Aldolase

257
586

16
110

7*
2

250
4*
4

221
390

60
55

8
70
36*

5
45
61
59

370
2300

250
626

4
404
692

25

* Normal values: SGOT<50 U, CPK <50 U, Aldolase <8 U. In the case of K. L., the normal
CPKvalue was <25 U and in the case of S. L. and G. R. it was <30 U.

cytotoxicity assay. After dialysis, specimens were made up
to 10%o serum concentration, using either inactivated human
agammaglobulinemic serum or fetal calf serum depending
on the original culture conditions.

Cytotoxicity assay. The assay for cytotoxic activity was

similar to that described by Kolb and Granger (27) and
Kolb, Williams, and Granger (31) for lymphotoxin with
the important exception that human fetal muscle (Grand
Island Biological Co., Grand Island, N. Y.), which was
maintained as a stock culture in this laboratory, was used
instead of mouse L-929 fibroblasts. It was determined by
utilizing dilutions of lymphotoxin containing supernates that
this cell line had greater sensitivity than several commer-
cially available L-929 cell lines. Before the utilization of
this target tissue, a lymphotoxin-containing supernate was

prepared by PHA stimulation of normal lymphocytes and
purified by the methods of Granger et al. (27-29, 31) as
described in the next section. This preparation produced
cytotoxicity as demonstrated both histologically and by in-
hibition of incorporation of "4C-labeled amino acids into
cellular protein in both L-929 fibroblast and human fetal
muscle monolayers.

In the assay adopted for the study of supernates of
muscle-leukocyte incubation mixtures, 4- to 5-day old
monolayers were selected for uniformity of growth. Super-
nates were applied to the monolayers in Leighton tubes for
48 hr at 370C in an atmosphere of 95% oxygen and 5%
CO2. Supernates were then removed and 0.5 GCi of '4C-
labeled amino acid hydrolysate (Schwarz Bio-Research,
Inc., Orangeburg, N. Y.) in an amino acid-free medium
(27) was added for a 50 min labeling period. Incorporation
of "4C-labeled amino acids was then halted by immersing
the Leighton tubes containing the monolayers in ice water,
and the medium was removed by aspiration. Cellular pro-
tein was extracted from the monolayers with three hot
trichloroacetic acid extractions using 1 drop of fetal calf
serum per tube as a carrier. The precipitated protein was

then dissolved in 0.5 M potassium hydroxide and counted by
standard liquid scintillation techniques. In each test series
a group of 6-10 nontoxic supernates were tested as con-

trols to determine the reproducibility of the method. These
consisted of samples of culture medium from the same

batch used in the test supernates, incubated without cells
or muscle for 3-4 days. The serum contained in the con-
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trol medium was identical to that present in the supernates
in each test series.

In a few cases in which supernates tested before and
after dialysis were found to show significant cytotoxicity,
this activity was not eliminated by dialysis.

Preparation and purification of lymphotoxin. Mono-
nuclear cell populations were obtained by the Hypaque-
Ficoll technique (33) using normal human peripheral blood
or human spleen cell suspensions obtained from trauma
patients subjected to emergency splenectomy. These were
stimulated with PHA as described by Kolb and Granger
(28). Supernates were harvested on the 4th or 5th day
of incubation, immediately precipitated with 60% NH4SO4,
and the precipitates so obtained reconstituted in i the origi-
nal volume in sterile water prepared for injection. After
dialysis overnight in the cold against 1000 vol of Hart-
mann's solution for intravenous use (Cutter Laboratories,
Inc., Berkeley, Calif.), samples of 4 ml were applied to a
sterilized Sephadex G-200 (Pharmacia Fine Chemicals, Inc.,
Piscataway, N. J.) column (1.5 X 90 cm) poured under
aseptic conditions and equilibrated with the same buffer.
Eluted fractions of the lymphotoxin preparation were di-
alyzed against sterile water and lyophilized. Portions of
the lyophilized column fractions were reconstituted with
RPMI-1640 (Grand Island Biological Co.) to which 10%
inactivated fetal calf serum and antibiotics were added and
assayed for cytotoxicity. Fractions showing maj or cyto-
toxicity were pooled and stored at -70'C for use in lympho-
toxin assays as positive controls. To render dialysis tubing
(Union Carbide Corp., New York) nontoxic it was se-
quentially extracted with 5% acetic acid and boiling 1%
sodium bicarbonate, then thoroughly rinsed in sterile water
and autoclaved for 10 min at 15 lb. per in2 at 120'C. Di-
alysis of cytotoxic supernates before testing was performed
in dialysis membranes which had been similarly treated.
Between fractionations the column was equilibrated with
normal saline containing sodium azide and disodium EDTA
in a concentration of 1 X 10-3 M to prevent bacterial or
fungal contamination. Immediately before fractionation of
toxic supernates, it was washed with 2 column volumes
of Hartmann's solution without sodium azide or disodium
EDTA.

Characterization of cytotoxic supernates. Chromatogra-
phy of the purified preparation of lymphotoxin described
above and several cytotoxic supernates obtained from
muscle-lymphocyte incubation mixtures, was performed in
a sterilized glass column containing autoclaved Sephadex
G-200 which was poured and equilibrated as described
above. Hartmann's solution for intravenous use (Cutter
Laboratories, Inc., Berkeley, Calif.) was employed as the
equilibrating buffer in the manner described for purification
of lymphotoxin. Column fractions were dialyzed against
sterile water (Cutter Laboratories, Inc.) using dialysis
tubing (Union Carbide Corp.) which had been pretreated
to remove cytotoxic materials as described above.

RESULTS

Histologic changes produced by cytotoxic supernates.
When supernates obtained from incubation of autoch-
thonous muscle with lymphocytes of patients with poly-
myositis were added to muscle cell monolayers, evi-
dence of muscle cell injury was observed histologically.
Fig. 2A demonstrates the appearance of a human fetal
muscle monolayer after 7 days of culture. A relatively

uniform growth of spindle-shaped fibers with elongated
processes is seen. Fig. 2B is a high power view of
this culture line showing myofibrils within each muscle
cell. Fig. 2C shows the appearance of a monolayer
which had been exposed for 48 hr to a toxic supernate
containing a purified preparation of lymphotoxin. Nu-
merous cells have disappeared or have rounded up and
their nuclei take a dark stain. These changes are similar
to those described by Granger and Kolb (27) in the
L-929 mouse fibroblast strain. Fig. 2D shows similar
changes occurring after 48 hr exposure of the muscle
monolayer to a culture medium containing dialyzed
toxic supernate from leukocytes incubated with autoch-
thonous muscle of a polymyositis patient (G. R.).

Establishment of variability of amino acid-14C incor-
poration into monolayers. Amino acid-14C incorpora-
tion into protein, a sensitive and objective measure of
viability, gave variable results even though monolayers
were selected for histologic uniformity. To take ac-
count of this variability, 6-10 control incubations of
human fetal muscle monolayers were carried out simul-
taneously with each set of cytotoxicity measurements
under identical conditions. The results of a representa-
tive set of control measurements are given in Table II.
As shown, with the monolayer employed, a decrease of
888 cpm or 28% from the mean value of 3136 cpm,
representing a fall of more than two standard devia-
tions from the mean of the control values, would be
significant at the 95% confidence level. In the experi-
ments described, decreases in amino acid-'4C incorpo-
ration significant at this level ranged between 24 and
30% in various series of control measurements.

Assay of supernates produced by incubation of muscle
and leukocytes of control subjects. When monolayers
were exposed to supernates obtained from the various
test incubations, two to four replicate determinations

TABLE I I
Standardization of Control Human Fetal Muscle Monolavers

Incubated with Amino Acid-14C Mixture

Tube No. CPm

1 3861
2 3626
3 3042
4 3029
5 2608
6 2912
7 2876

Average 3136

Counts per minute of monolayers 42 SD = 3136±888. A de-
crease of >28% represents the 95% confidence level of re-
producibility of the method.
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FIGURE 2A Human fetal muscle monolayer after 7 days of culture. Masson tri-
chrome stain. X 400.

were made and the values given represent averages of
these determinations. Table III summarizes the results
of incubation of leukocytes alone and of muscle alone
from normal subjects and the combination of leuko-
cytes and autochthonous muscle of these subjects. In-
cubation periods varied between 48 and 72 hr. Culture
in excess of 72 hr resulted in increasing scatter of
replicate values, presumably due to release of non-

specific toxic agents. In no case was significant cyto-
toxicity observed in the dialyzed supernates from the
seven control subjects undergoing elective surgery in
the case of supernate from cells alone, muscle alone, or
of cells and autochthonous muscle incubated together.
It should be noted that the patients with polyarteritis
nodosa and muscular dystrophy likewise did not pro-
duce significant cytotoxicity. Histologic preparations
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of incubated muscle pieces from the control and patient
groups alike showed deterioration after the 1st day in
tissue culture which was striking after 72 hr.

Assay of supernate produced by incubation of mutscle
and leukocytes of patients with polymnyositis. In con-
trast to the control subjects, 10 out of 11 patients with
polymyositis showed significant cytotoxic activity in
the supernates obtained when their leukocytes were in-

cubated with autochthonous muscle (Table IV). The
disease of the single patient without cytotoxicity,
K. B., had been quiescent for some months, and
no longer required corticosteroid therapy. Her muscle
biopsy showed mainly atrophy and fibrosis (Table
IV). All the other patients (Table I) had active dis-
ease. Corticosteroid therapy had been initiated pre-
viously in three patients of this group); of these, one

-fn.;z~.:.^ ;. : ........ , j, ... _~~~~
.. _ - :~~~~~~~i3,~~~~~~~~~~~~~~~
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v E~~~~~~~~~~~~~~~~--a-
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FIGUaxE 2C Human fetal muscle monolayer after 48 hr exposure to culture medium
containing purified lymphotoxin prepared by treatment of human lymphocytes with
PHA and chromatography of the supernate on Sephadex: G-200. Many cells have
either disappeared or rounded up. The nuclei take a dark stain. Masson trichrome
stain. X 400.

(P. R.) had received prednisone for only 2 days before icity. In the case of these two patients incubation of
biopsy. The other seven active patients had not received muscle alone also produced cytotoxicity. It is pertinent
steroids. to note (Table V) that the muscle of these patients

The supernates of the leukocytes alone of C. F. and contained prominent infiltrates. Impressive, however,
G. R., both of whom had severe polymyositis, as mani- was the finding that in the other seven active cases
fested by fever, severe weakness, and extensive muscle where comparisons of supernates from leukocytes alone,
infiltration (Table IV) produced significant cytotox- muscle alone, and leukocytes plus muscle were all
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performed, only the latter combination produced sig-
nificant cytotoxicity. Furthermore, the cytotoxicity did
not appear, as seen in Table IV, to be merely an
additive effect of the individual cytotoxicities of the
leukocyte and muscle supernates. Table V shows the
correlation between histologic changes in the muscle
specimens and cytotoxicity results. It is of interest that

f A_

0.

A. I

necrosis was not a necessary characteristic of the
muscle utilized to stimulate the production of lympho-
toxin by autologous lymphocytes as observed in the
case of patients S. L. and K. L. In fact, the muscle of
S. L. was free of all histologic abnormalities. Only in
four patients, B. C., W. A., C. F., and G. R. was
necrosis a significant aspect of the histologic changes.

.4 4 ..,

F

40
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# 9 *1_
*
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0

D
FIGURE 2D Human fetal muscle monolayer after 48 hr exposure to culture medium
containing a dialyzed toxic supernate from leukocytes incubated with autochthonous
muscle of a polymyositis patient (G. R.). The changes are similar to those shown
in Fig. 2C. Masson trichrome stain. X 400.
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TABLE I I I
Results of Cytotoxicity Assays Performed on Supernate from Control Subjects

cpm 14C in monolayers exposed %Change 14C amino acid uptake com-
to supernates pared with untreated monolayers

cpm 14C in
untreated Leukocytes Muscle Leukocytes Leukocytes Muscle Leukocytes

Subject Diagnosis monolayers alone alone +muscle alone alone +muscle

B. F. Tubal ligation 6,850 5,766 6,400 6,522 -16 -7 -5
D. L. Tubal ligation 6,850 6,498 10,767 6,333 -5 +57 -8
W. M. Tubal ligation 6,850 7,403 6,761 7,546 +8 -1 +10
B. K. Tubal ligation 8,841 8,577 7,429 7,515 -3 -16 -15
R. S. Cholecystitis 10,484 8,781 N. D. 9,572 -16 N. D. -9
J. B. Cholecystitis 4,857 4,762 6,410 3,982 -2 +32 -18
E. S. Leiomyomata 7,541 8,821 6,787 6,185 +17 -10 -18
G. B. Polyarteritis Nodosa 1,846 1,938 1,601 3,323 +5 -13 +80
B. R. Muscular dystrophy 3,001 3,752 4,122 3,014 +25 +37 0

N. D., not done.

The supernates after incubation of muscle alone
from two normal controls, D. L. and J. B. (Table II)
and three polymyositis patients, S. L., W. A., and K. B.
(Table III), showed stimulation of incorporation of
"C-labeled amino acids at a significant level, as did the
supernate from K. B. of muscle and leukocytes incu-
bated together. This activity, which was nondialyzable,
was not further evaluated.

Effect of tumor tissue on leukocytes of patient with
polymyositis and carcinoma of breast. The availability
of both normal breast tissue and tumor tissue from
patient A. P. who had a carcinoma of the breast per-
mitted application of the techniques used for muscle

to seek evidence for delayed hypersensitivity to the
tumor as well as muscle in this patient (Table VI).
The proportion of wet weight of normal breast tissue
and tumor to leukocytes was identical to that used in
the studies of muscle. As shown, there was no evidence
for production of lymphotoxin by leukocytes incubated
with breast tissue or tumor. However, the addition of
autologous muscle or of PHA to the leukocytes lead
to the production of cytotoxic activity.

Effect of corticosteroid on cytotoxic activity. In
view of the evidence that lymphotoxin-derived cyto-
toxicity, released by lymphocytes on antigenic stimula-
tion (27, 30) or upon stimulation by PHA (27, 28,

TABLE IV
Results of Cytotoxicity Assays Performed on Supernates from Polymyositis Patients

cpm 14C in monolayers exposed %Change amino acid-14C uptake
to supernates compared with untreated monolayers

cpm 14C in
Type of untreated Leukocytes Muscle Leukocytes Leukocytes Muscle Leukocytes

Subject polymyositis monolayers alone alone +muscle alone alone +muscle

B. C. 1 4,857 4,459 2,911 -8 N. D. -40*
S. L. II 8,906 10,686 17,456 4,722 +20 +96 -47*
K. L. Il 8,906 9,175 6,403 2,136 +3 -18 -76*
W. A. I 5,705 6,106 8,853 3,305 +7 +53 -42*
C. F. II 12,150 3,278 366 3,159 -73* -97* -74*
G. R. II 12,150 2,552 3,645 851 -79* -70* -93*
K. B.t Il 3,232 3,715 4,551 4,556 +13 +41 +41
A. P. IV 4,407 3,922 4,400 1,899 -12 0 -57*
B. G. I 4,407 3,729 2,736 2,154 -15 -28 -50*
P. R. II 6,595 5,961 4,890 2,711 -10 -26 -59*
D. M.§ III 6,423 7,075 7,306 4,169 +10 +14 -35*

N. D., not done.
* Values significant at 95%Oconfidence level or greater.
t Clinically inactive dermatomyositis.
§ Cytotoxicity tested against L-929 fibroblasts only.
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TABLE V

Correlation of Muscle Pathology with Cytotoxicity of Supernates

Supernate cytotoxicity Pathologic change

Leukocytes Muscle Leukocytes Cellular
Subject alone alone +muscle Degeneration* infiltration Atrophy Regeneration Fibrosis None

B. C. - N. D. + VII'-4 -ii
S.L. - + - - -

K. L. - + - -
W. A. - + Ski - _
C. F. + + + ii 'H'H Vi v
G. R. + + +v < V' -
K. B. - - - -_ -at -
A. P. - - A+
B. G. - 4 + 'VH I V1NN '1' - -
P. R. - + NH - - -
D. M.§ - - + NH i VV -

N. D., not done.
* Includes necrosis, altered staining characteristics, and loss of striations. In B. C., XV. A., C. F., and G. R., necrosis was all
significant histologic feature.
t Markedly edematous and distorted muscle spindles.
§ Cytotoxicity tested against L-929 fibroblasts only.

31), is inhibitable by corticosteroids (34), the effect
of corticosteroid on the cytotoxic activity of the super-
nates from the polymyositis patients was assayed. Fig.
2E demonstrates the sparing of muscle cells in vitro
when methyl prednisolone was added to a sample of

TABLE VI
Results of Cytotoxicity Assays of Supernates after Incubation

of Breast Tumor and Muscle Tissue with
Autochthonous Leukocytes*

%Decrease in
incorporation

Test supernatel amino acid-14C

Leukocytes -14
-8

1vluscle +1
0
0

Leukocytes + normal -19
breast tissue +2

Leukocytes + breast -23
carcinoma tissue -6

-7
Leukocytes + muscle -58

-56
Leukocytes + PHA -95

-96
-91

* Control monolayers mean 4-2 SD = 44074=1264. Decrease
of >26% represents 95% confidence level.
t After 48 hr incubation.

the toxic polymyositis supernate which produced the
histologic changes seen in Fig. 2D.

While it was noted in preliminary experiments that
methylprednisolone was effective in suppressing the
cytotoxicity of lymphotoxin in vitro, a reduction in the
capacity of human fetal muscle monolayers to incorpo-
rate "4C-labeled amino acids into protein was observed
at concentrations of corticosteroid comparable to those
reported to suppress lymphotoxin activity. To quanti-
tate this effect, a group of six muscle monolayers were
incubated with labeled amino acids in RPMI medium
(Grand Island Biological Co.) containing 0.05 ,ug/ml
of methyl prednisolone, an approximate equivalent of
the normal plasma cortisol level. In parallel, another

TABLE VII
Effect of Methyl Prednisolone on Human Fetal

Muscle Monolayers

Mean cpm
Methyl amino acid-14C Statistical

prednisolone incorporation* significance

aUg/ml cPm
0.05 15,447

P < 0.01:
5 12,926

* Mean of six determinations in each case. Cultures performed
in RPMI-1640 medium with 10% inactivated fetal calf
serum.
t Student's t for the comparison of two independent samples
with 11 degrees of freedom was calculated.
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FIGURE 2E Fetal muscle monolayer after 48 hr exposure to culture medium con-
taining dialyzed toxic supernate from leukocytes incubated with autochthonous muscle
of a polymyositis patient (G. R.) in the presence of 5 /hg/ml methyl prednisolone.
The cells appear essentially normal. Masson trichrome stain. X 400.

group of six muscle monolayers were similarly incu-
bated in medium containing ,ug/ml methyl predniso-
lone. The results are given in Table VII. The mean
depression in '4C-labeled amino acid incorporation at
the higher dosage level was 16%. This figure was
applied as a correction factor to the cytotoxicity mea-
surements given in Table VIII. The values given in

Table VIII, therefore, reflect the decrease in cvtotox-
icitv of toxic supernates upon addition of methyl pred-
nisclone as indicated by increased "C-labeled amino
acid incorporation. In the last column, appropriate cor-
rection has been made for the catabolic action of this
steroid, as measured in the control experiments cited.

All polymyositis supernates tested with the exception
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TABLE VIII
Inhibition of Cytotoxicity by Methyl Prednisolone

cpm amino acid-'4C
incorporation with % Increase in

methyl prednisolone amino acid-14C
incorporation

Cytotoxic Control Treated
supernate (0.05 jig/ml) (5 jug/ml) Uncorrected* Corrected:

cPm %
Lymphotoxin

preparation§ 986 1,465 49 65
B. C. 1,821 2,211 21 37
K.L. 751 1,004 34 50
S. L. 1,705 2,466 45 61
G. R. 5,023 7,975 56 72
A. P. 996 1,414 42 58
B. G. 2,226 8,629 288 304

* All values but that of B. C. significant at 95% confidence level.
t Corrected for depression of amino acid-14C incorporation in control mono-
layers treated with methyl prednisolone at 5 jsg/ml level (see Table VIII).
All values significant at 95% confidence level.
§ Purified by 60% NH4SO4precipitation, G-200 chromatography, and ex-
tensive dialysis against RPMI-1640.

of that of B. C. showed a highly significant increase
in incorporation of 14C-labeled amino acids as a result of
incubation with methyl prednisolone both before and af-
ter correction for the catabolic effect. This observation
is consistent with the known effect of corticosteroids on
lymphotoxin activity (34).

Column chromatography of cytotoxic supernates.
Three supernates were available in sufficient quantity for
examination by G-200 chromatography. Since previous
work has established the approximate molecular weight
of purified lymphotoxin (28), it was possible to compare
the elution volumes of the cytotoxic factor in polymyo-
sitis supernates with those of a preparation of lympho-
toxin. Fig. 3 compares the elution characteristics of puri-
fied lymphotoxin, prepared as described above, and the

100%I
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FIGURE 3 Cytotoxicity of eluted fractions of toxic super-
nates from polymyositis patients compared with that of
purified lymphotoxin.

three concentrated toxic supernates obtained from B. C.,
C. F., and G. R. Cytotoxic activity was in all three in-
stances localized to an eluted volume similar to that of
the lymphotoxin preparation. This was slightly less than
the elution volume of albumin but subsequent to the elu-
tion of IgG. The cytotoxic supernates showed a wider
spread of activity than that of the lymphotoxin prepara-
tion. However, the latter preparation had been taken
from a central fraction of the active eluates during its
chromatographic purification whereas there was no prior
chromatography of the polymyositis supernates. A spread
of activity on chromatography of lymphotoxin has been
previously reported (28). A control preparation con-
sisting of medium containing 10% fetal calf serum was
concentrated fivefold and applied to the G-200 column as
described for the polymyositis muscle-lymphocyte super-
nates. No one of the eluted fractions revealed cytotoxicity
in the lymphotoxin assay.

DISCUSSION
The association of polymyositis with other connective
tissue diseases such as systemic lupus erythematosus
(4-6), the presence of autoantibodies (1, 2, 4, 6-8), and
the recent report of fluorescent antibody staining of im-
munoglobulin and C3 or in the vessels in some polymyo-
sitis patients (9), have suggested a humoral immune
mechanism in this disease. In the few reported cases
associated with carcinomas (22-24), anti-tissue anti-
bodies have also been identified. However, no direct evi-
dence in support of a humoral mechanism for muscle in-
jury has been forthcoming. On the other hand, the pres-
ence of lymphoid infiltrates in the animal models stud-
ied (10-12, 14, 15) and the recent work of Currie and
coworkers (19-21) showing damage to human fetal
muscle cells in vitro by lymphoid cells from patients with
polymyositis favor a cellular rather than humoral mecha-
nism. In the latter investigations, however, no attempt
was made to identify the basis of the target cell injury
noted in terms of lymphokines (17) which would specifi-
cally establish the occurrence of a cellular immune re-
sponse. Moreover, control lymphocytes were not obtained
from patients with inflammatory diseases in which
proliferating lymphocytes, potentially capable of liber-
ating lymphotoxin, circulate in the peripheral blood (35).
Furthermore, allogeneic differences between the muscle
assayed and the test lymphocytes utilized could, in the
period of incubation required to demonstrate target cell
damage, have resulted in primary immunization and the
production of lymphokines (36, 37). In the work of
Currie and coworkers (19) and that of Kakulas (13),
both of which demonstrate target cell damage by lym-
phocytes layered directly upon target cells, the additional
possibility of cell-to-cell mediated injury through con-
tactual lysis (38-41) has not been excluded.
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In the present experiments, the liberation of a cytotoxic
agent by lymphocytes of polymyositis patients has been
demonstrated. This occurred when such lymphoid cells
were exposed to autochthonous muscle, thereby ex-
cluding allogeneic differences and the mechanism of con-
tactual lysis. It has further been shown that these super-
nates contain cytotoxic activity which has the charac-
teristics of lymphotoxin (27, 28) a mediator of delayed
hypersensitivity. It has also been demonstrated that these
supernates as well as lymphotoxin induce cellular dam-
age in human muscle grown in vitro, and that the ac-
tivity of these supernates, like that of lymphotoxin, is
inhibitable by corticosteroids. Finally, it has been shown
that both have a similar elution volume on G-200 Sepha-
dex chromatography. These findings, in a heterogeneous
population of patients with active polymyositis, strongly
suggest that delayed hypersensitivity mediators play a
role in the muscle injury of polymyositis. The presence
of other lymphokines in the supernates was not specifi-
cally investigated, but from the work of others it appears
likely that a spectrum of lymphokines was present and
that these may contribute in some way to the expression
of the disease. However, lymphotoxin by its charac-
teristics (27, 28, 42) appears to be the most likely agent
among these factors to be associated with the tissue in-
jury observed in polymyositis. It has been shown by
Granger et al. (27, 28, 30) that although the release of
lymphotoxin requires the action of specifically sensitized
lymphocytes, once released this agent has the capacity to
induce cellular injury in a wide variety of target cell
lines. There is a great deal of variability in the suscepti-
bility of the various target cell lines studied, and it is of
interest that in the studies reported here muscle tissue, in
the form of human fetal muscle grown in monolayers,
was found to be more sensitive to lymphotoxin than the
mouse L-929 fibroblast cell line, which is the standard cell
line utilized for lymphotoxin assay.

Recent work indicates that delayed hypersensitivity
mediators may produce changes in cell membranes and cell
metabolism apart from morphologic lysis or cell death
(43, 44). This is of particular interest in view of the fre-
quent dispartiy observed in polymyositis patients between
muscle weakness and electromyographic changes on the
one hand and the amount of necrosis found histologically
on the other.

The release of lymphotoxin by muscle incubated alone
occurred solely in the two specimens with prominent
cellular infiltration. In these two instances, the degree of
cytotoxicity evoked in all of the supernates examined, pre-
cluded detection of an additional increment of cytotox-
icity when peripheral blood leukocytes were added to the
muscle pieces. This observation indicates that tissue foci
of lymphoid cells, when suitably stimulated, can release
lymphotoxin, and suggests that this agent may be released

in sufficient excess to induce muscle injury at sites which
are remote from the area of infiltration. With regard to
the cytotoxicity generated by leukocytes alone, this oc-
curred in the same two patients whose muscle alone was
active. It appears likely that this resulted from the re-
lease of antigen or of antigen-triggered cells into the
circulation. The specificity of the release of lymphotoxin
by lymphoid cells is indicated in the results reported here
(a) by the production of significant cytotoxicity in 7 of the
polymyositis patients only upon combination of leukocytes
and muscle, (b) by the failure of normal breast tissue
and breast tumor to stimulate release of this agent from
lymphocytes which were capable of producing lympho-
toxin on exposure to autologous muscle, and (c) by the
correlation of the presence of leukocytic infiltration in
muscle pieces with the release in vitro of lymphotoxin by
these pieces when incubated alone.

Further studies are indicated to define the nature of
the antigen i.e. material present in muscle, its localiza-
tion within muscle tissue, and its presence or absence in
normal homologous muscle as well as other human tis-
sues. In this respect, the studies of Currie and coworkers
(19-21) have demonstrated that normal human skeletal
muscle can serve as target tissue for direct cell-to-cell
injury by lymphocytes from polymyositis patients. In
another study, Saunders, Knowles, and Currie (45)
found that lymphocytes from polymyositis patients were
stimulated more frequently than normal lymphocytes on
exposure to homologous muscle homogenates. Whether
the source of stimulation in these experiments is rele-
vant to the stimulation by autochthonous muscle de-
scribed here remains to be determined. Reports of a
variety of virus-like particles (46-52) in the endothelial
cells of muscle of polymyositis patients have appeared
recently. These particles have been regarded as possible
triggering agents for initiation of this disease. If this
were so, these agents, which have had the appearance of
myxoviruses (46, 47), picornaviruses (48), or cox-
sackie viruses (49) might serve as antigens in a cellu-
lar immune response which could bring about the re-
lease of lymphotoxin. The possibility that an exogenous
agent such as a virus might be involved in an immuno-
logical response in polymyositis is raised by the fact
that in the present experiments circulating lymphocytes
were stimulated by autochthonous muscle.

Although the current study has demonstrated the re-
lease of lymphotoxin from patient leukocytes on ex-
posure to muscle and the capacity of this agent to dam-
age muscle, it should be kept in mind that there may be
other mechanisms of muscle injury in the conditions
which make up the clinical spectrum of polymyositis.
The role of contactual lysis mediated by direct aggressor-
target cell interaction through IgM (38-41) has not been
excluded, and as suggested by the work of Williams and
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Engel (9) and by observations reported in several cases
of polymyositis occurring with malignancy (22-24), hu-
moral responses may at times occur. However, the direct
contribution of serum antibodies with specificity and cy-
totoxicity for muscle of polyrnyositis patients remains to
be established. Finally, it should be pointed out that the
local environment of an inflammatory reaction includes
a variety of lysosomal enzymes, vasoactive amines, and
other agents which may also contribute significantly to
muscle injury.

ACKNOWLEDGMENTS
The authors wish to acknowledge the fine technical as-
sistance of Mrs. Brenda Zachary and Mrs. Darlene Kallelis.

This work was supported by U. S. Public Health Service
Research Grant AM-09989 and Training Grant AM-05154
and by a grant from The Arthritis Foundation.

REFERENCES

1. Ziff, M. 1957. The agglutination reaction in rheumatoid
arthritis. J. Chronic Dis. 5: 644.

2. Pearson, C. M. 1959. Rheumatic manifestations of poly-
myositis and dermatomyositis. Arthritis Rheum. 2: 127.

3. Barwick, D. D., and J. N. Walton. 1963. Polymyositis.
Am. J. Med. 35: 646.

4. Burnham, T. K., G. Fine, and T. R. Neblett. 1966. The
immunofluorescent tumor imprint technique. II. The
frequency of antinuclear factors in connective tissue dis-
eases and dermatoses. Ann. Intern. Med. 65: 9.

5. Keil, H. 1940. Dermatomyositis and systemic lupus ery-
thematosus. II. A comparative study of the essential
clinicopathologic features. Arch. Intern. Med. 66: 339.

6. Glaser, G. H. 1960. Polymyositis in the collagen dis-
eases. Int. J. Neurol. 1: 319.

7. Rose, A. L., and J. N. Walton. 1966. Polymyositis: a
survey of 89 cases with particular reference to treat-
ment and prognosis. Brain. 89: 747.

8. Pearson, C. M. 1962. Polymyositis. Clinical forms, di-
agnosis and therapy. Postgrad. Aled. 31: 450.

9. Whitaker, J. N., and W. K. Engel. 1972. Vascular de-
posits of immunoglobin and complement in idiopathic
inflammatory myopathy. N. Engl. J. Med. 286: 333.

10. Sobue, I., Y. Watanabe, and T. Matsui. 1955. The ex-
perimental studies on muscular allergy. I. Nisshin Iga
Kit (Japan). 42: 22.

11. Pearson, C. M. 1956. Development of arthritis, peri-
arthritis and periostitis in rats given adjuvants. Proc.
Soc. Exp. Biol. Med. 91: 95.

12. Dawkins, R. L. 1965. Experimental myositis associated
with hypersensitivity to muscle. J. Pathol. Bacteriol. 90:
619.

13. Kakulas, B. A. 1966. Destruction of differentiated muscle
cultures by sensitized lymphoid cells. J. Pathol. Bac-
teriol. 91: 495.

14. Kakulas, B. A. 1966. In vitro destruction of skeletal
muscle by sensitized cells. Nature (Lond.). 210: 1115.

15. Takayanagi, T. 1967. Immunohistological studies of ex-
perimental myositis in relation to human polymyositis
with special reference to passive transfer and fluorescent
antibody technique. Folia Psychiat. Neurol. Jap. 21:
117.

16. Morgan, G., J. B. Peter, and B. B. Newbould. 1971.

Experimental allergic myositis in rats. Arthritis Rheum.
14: 599.

17. Dumonde, D. C., R. A. Wolstencroft, G. S. Panayi, M.
Mathew, J. Morley, and WV. T. Howson. 1969. "Lym-
phokines": nonantibody mediators of cellular immunity
generated by lymphocyte activation. Nature (Lond.).
224: 38.

18. Walton, J. N., and R. D. Adams. 1958. Polymyositis.
The Williams & Wilkins Co., Baltimore.

19. Currie, S. 1970. Destruction of muscle cultures by lym-
phocytes from cases of polymyositis. Acta Neuropathol.
15: 11.

20. Currie, S., M. Saunders, M. Knowles, and A. Brown.
1971. Immunological aspects of polymyositis. Q. J. IMd.
157: 63.

21. Mastaglia, F. L., and S. Currie. 1971. Immunological
and ultrastructural observations on the role of lymphoid
cells in the pathogenesis of polymyositis. Acta Neuro-
pathol. 18: 1.

22. Grace, J. T., Jr., and T. L. Dao. 1959. Dermatomyo-
sitis in cancer: a possible etiological mechanism.
Cancer. 12: 648.

23. Curtis, A. C., J. H. Heckaman, and A. H. Wheeler.
1961. Study of the autoimmune reaction in dermatomyo-
sitis. J. Ant. Med. Assoc. 178: 571.

24. Alexander, S., and L. Forman. 1968. Dermatomyositis
and carcinoma. A case report and immunological in-
vestigation. Br. J. Derincatol. 80: 86.

25. Caspary, E. A., S. S. Gubbay, and G. Mt. Stern. 1964.
Circulating antibodies in polymyositis and other muscle-
wasting disorders. Laiicet. 2: 941.

26. Stern, G. M., A. L. Rose, and K. Jacobs. 1967. Circu-
lating antibodies in polymyositis. J. Neurol. Sci. 5: 181.

27. Granger, G. A., and W. P. Kolb. 1968. Lymphocyte
in, vitro cytotoxicity: mechanisms of immune and non-
immune small lymphocyte mediated target L cell de-
struction. J. Inmmunol. 101: 111.

28. Kolb, W. P., and G. A. Granger. 1968. Lymphocyte
in vitro cytotoxicity: characterization of human lympho-
toxin. Proc. Natl. Acad. Sci. U. S. A. 61: 1250.

29. Granger, G. A., G. E. Moore, J. G. White, P. Mat-
zinger, J. S. Sundsmo, S. Shupe, W. P. Kolb, J. Kramer,
and P. R. Glade. 1970. Production of lymphotoxin and
migration inhibitory factor by established human lym-
phocytic cell lines. J. Inmmuinol. 104: 1476.

30. Granger, G. A., S. J. Shacks, T. WN. Williams, and
W. P. Kolb. 1969. Lymphocyte in vitro cytotoxicity:
specific release of lymphotoxin-like materials from
tuberculin-sensitive lymphoid cells. Natu(re (Loud.).
221: 1155.

31. Kolb, W. P., T. W. Williams, and G. Granger. 1971.
Lymphocyte activation and lymphotoxin production. It
It Vitro Methods in Cell-Mediated Immunity. B. Bloom
and P. R. Glade, editors. Academic Press, Inc., New
York. 333.

32. Bach, F. H., and N. K. Voynow. 1966. One-way
stimulation in mixed leukocyte cultures. Science (Wash.
D. C.). 153: 545.

33. Bdyum, A. 1968. Isolation of mononuclear cells and
granulocytes from human blood. Scand. J. Cliht. Lab.
Invest. 21 (Suppl. 97): 77.

34. Peter, J. B. 1971. Cytotoxin (s) produced by human
lymphocytes: inhibition by anti-inflammatory steroids
and antimalarial drugs. Cell. Immuniol. 2: 199.

35. Horwitz, D. A., P. Stastny, and M. Ziff. 1970. Circu-
lating deoxyribonucleic acid-synthesizing mononuclear

2448 R. L. Johnson, C. W. Fink, and M. Ziff



leukocytes. I. Increased numbers of proliferating mono-
nuclear leukocytes in inflammatory disease. J. Lab. Clin.
Med. 76: 391.

36. Godal, T., R. J. W. Rees, and J. 0. Lamvik. 1971.
Lymphocyte-mediated modification of blood-derived
macrophage function in vitro; inhibition of growth of
intracellular mycobacteria with lymphokines. Clin. Exp.
Immunol. 8: 625.

37. Gifford, G. E., A. Tibor, and D. L. Peavy. 1971. Inter-
feron production in mixed lymphocyte cell cultures. In-
fect. Immun. 3: 164.

38. Bubenik, J., P. Perlmann, and M. Haiek. 1970. Induc-
tion of cytotoxicity of lymphycytes from tolerant donors
by antibodies to target cell alloantigens. Transplanta-
tion. 10: 290.

39. MacLennan, I. C. M., G. Loewi, and B. Harding. 1970.
The role of immunoglobulins in lymphocyte-mediated
cell damage, in vitro. I. Comparison of the effects of
target cell specific antibody and normal serum factors
on cellular damage by immune and non-immune lym-
phocytes. Immunology. 18: 397.

40. MacLennan, I. C. M., and B. Hardin. 1970. The role
of immunoglobulins in lymphocyte-mediated cell dam-
age, in vitro. II. The mechanism of target cell damage
by lymphoid cells from immunized rats. Immunology.
18: 405.

41. Perlmann, P., and H. Perlmann. 1970. Contactual lysis
of antibody-coated chicken erythrocytes by purified
lymphocytes. Cell. Immunol. 1: 300.

42. Bloom, B. R. 1969. Biological activities of lympho-
cyte products. In Mediators of Cellular Immunity. H. S.
Lawrence and M. Landy, editors. Academic Press Inc.,
NewYork. 249.

43. Williams, T. W., and G. A. Granger. 1969. Lymphocyte
in vitro cytotoxicity: mechanism of lymphotoxin-in-
duced target cell destruction. J. Immunol. 102: 911.

44. Koren, H. S., E. Ferber, and H. Fischer. 1971. Changes
in phospholipid metabolism of a tumor target cell dur-
ing a cell-mediated cytotoxin reaction. Biochim. Bio-
phys. Acta. 231: 520.

45. Saunders, M., M. Knowles, and S. Currie. 1969. Lym-
phocyte stimulation with muscle homogenate in poly-
myositis and other muscle-wasting disorders. J. Neurol.
Neurosurg. Psychiatr. 32: 569.

46. Chou, S. M. 1967. Myxovirus-like structures in a case
of human chronic polymyositis. Science (Wash. D. C.).
158: 1453.

47. Chou, S. M. 1968. Myxovirus-like structures and ac-
companying nuclear changes in chronic polymyositis.
Arch. Pathol. 86: 649.

48. Chou, S. M., and L. Gutmann. 1970. Picornavirus-like
crystals in subacute polymyositis. Neurology. 20: 205.

49. Mastaglia, F. L., and J. N. Walton. 1970. Coxsackie
virus-like particles in skeletal muscle from a case of
polymyositis. J. Neurol. Sci. 11: 593.

50. Norton, W. L., E. Velayos, and L. Robison. 1970. En-
dothelial inclusions in dermatomyositis. Ann. Rheum.
Dis. 29: 67.

51. Prunieras, M., C. Grupper, R. Durepaire, J. Bourgeois-
Spinasse, and Y. Edelson. 1971. Inclusions dans la der-
matomyosite aigue et chronique. A propos de 4 cas.
Presse Med. 79: 1463.

52. Hashimoto, K., L. Robison, E. Velayos, and K. Ni-
izuma. 1971. Dermatomyositis. Electron microscopic,
immunologic and tissue culture studies of paramyxo-
virus-like inclusions. Arch. Dermatol. 103: 120.

Lymphotoxin Formation by Lymphocytes and Muscle in Polymyositis 2449


