
ation from the B image, that require further 
analysis to solve. These problems are serious 
only on this baseline, where the contamination 
in the region to be searched is typically about 0.5 
mJy; the contamination for the two longer base- 
lines is typically below 0.05 mJy. 

20. The luminosity per unit bandwidth of the radia- 
tion from G,  as deduced from the VLA measure; 
ments at 6 cm, is about 4 x h-2 W HZ- 
(H ,  = 100 h km secC1 MpcC1), a value in the 
midrange of those found for the cores of 34 
elliptical galaxies by G. Colla et al. [Astron. 
Astrophys. 38, 209 (1975)l at 6 cm. However, 
lack of detection with the VLA of radio radia- 
tion from G1 would also be consistent with the 
results of Colla et al. In our measurements, the 
radiation from G' arrives from a region under 
0.002 arc sec in extent, implying a surface 
brightness of at least 3 x lo8 K,  consistent with 
values measured for cores of galaxies [see, for 
example, P. C. Crane,Astron. J. 84,281 (1979)l. 

21. This G' core must then contribute to the flux 
density of the G component; the other part of 
the 3.3-mJv flux densitv from G ~resumablv 
comes from a region too extended to be  detected 
at the hieh resolution of our interferometers and 
could fo;m another part of the th~rd  lmaae or of 
the GI galaxy, or of both. 

22. If the pred~ctlon that the third image is 0.2 arc 
sec south of GI is correct, then it is unlikely that 
the detected radiation from G' arises partly from 
the galaxy core and partly from the third image. 
At a separation of 0.2 arc sec, the emissions 

from G1 and from a third image would be easily 
separable with the resolution obtained in our 
observations. 

23. R. W. Porcas, R. S. Booth, I. W. A. Browne, D. 
Walsh, P. N. Wilkinson, Nature (London) 289, 
758 (1981). 

24. As an image at the G'  location would resemble 
an inverted demagnified image of the quasar, we 
would expect to see a dim radio feature, located 
some 0.010 arc sec south of the core of G', 
which should be visible with the intercontinental 
interferometers were their sensitivities in- 
creased severalfold. If G' were an image, the 
demagnified "jet" would tend to further bias the 
measured position of G slightly southward by at 
most 0.005 arc sec. Correction for this bias 
would place the true radio center of the galaxy,a 
corresponding amount further northward of G . 

25. We thank the staffs of the participating observa- 
tories for their indispensable aid and J .  Capece, 
J. Ca~ l in .  and E. R a ~ h a e l  for technical and 
admiriistrative support.'The MIT experimenters 
were supported in part by NSF grants PHY- 
8106036 and AST-8022229. Havstack Observa- 
tory is operated with support from the National 
Science Foundation. This work also represents 
one phase of research at Jet Propulsion Labora- 
tory performed under NASA contract NAS7- 
100. 

* Also at the Astronomy Department, Cornell 
University. 
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Lines of T Lymphocytes Induce or Vaccinate Against 

Autoimmune Arthritis 

Abstract. The pathophysiology of autoimmune arthritis was studied by selecting 
and isolating lines of effector T lymphocytes from rats administered an arthritogenic 
dose of Mycobacterium tuberculosis in complete Freund's adjuvant to  induce 
adjuvant arthritis. Irradiated rats were intravenously inoculated with a cell line 
characterized by proliferative reactivity t o  Mycobacterium tuberculosis and,  to  a 
lesser degree, t o  rat collagen type II .  This produced arthritis in all the irradiated rats. 
Nonirradiated recipients failed to  develop arthritis. However, such rats, and those 
recovering from cell-mediated arthritis, were resistant to  subsequent attempts to  
induce adjuvant arthritis. Lines of T lymphocytes selected for responsiveness to  
other antigens had no ef fect .  Therefore, a line of T lymphocytes responsive to  
bacteria or to  collagen type I I  could either induce autoimmune arthritis or serve ac. 
an agent of vaccination against i t .  

Rheumatoid arthritis is characterized 
by a chronic proliferative and inflamma- 
tory reaction in synovial membranes, 
producing pain, disability, and eventual 
destruction of joints (1). Although the 
etiology of this disease is unknown, it is 
thought that autoimmune processes are 
involved (2). 

An animal model of arthritis that has 
features similar to human rheumatoid 
arthritis is adjuvant arthritis (AA) (3). 
Adjuvant arthritis can be induced in rats 
by a single intradermal injection of a 
suspension of killed Mycobacterium tu- 
berculosis in complete Freund's adju- 
vant (CFA). Experimental evidence sug- 
gests that an autoimmune process in- 
volving T lymphocytes is responsible for 
the generation of AA. Another form of 
autoimmune arthritis can be induced in 
rats (4) and mice (5) by immunization 
with type I1 collagen, component of joint 
cartilage. The development of this arthri- 
tis is associated with both cell-mediated 

and humoral immunity to type I1 colla- 
gen (6). Immunity to  type I1 collagen has 
also been detected in human rheumatoid 
arthritis (7) and in AA (8). 

We investigated the means by which 
M. tuberculosis induces the autoimmune 
joint damage seen in AA and the role that 
reactivity to type I1 collagen might play 
in the process by isolating and propagat- 
ing arthritogenic effector cells as T lym- 
phocyte lines. This approach is based on 
the observation that T cell lines reactive 
against the basic protein of myelin can 
both induce and vaccinate against ex- 
perimental autoimmune encephalomyeli- 
tis (9). Accordingly, we isolated three T 
cell lines. From Lewis rats immunized 
with CFA we selected one line (designat- 
ed Zlc) for its proliferative reactivity to 
the purified protein derivative of M .  tu- 
berculosis and a second line (designated 
A2) for its reactivity to the whole bacte- 
rium. A third line (designated D l )  was 
selected for its reactivity to type I1 colla- 
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gen from Lewis rats that had been immu- 
nized with rat type I1 collagen in incom- 
plete Freund's adjuvant. 

Table 1 shows the proliferative re- 
sponses of the three cell lines. Line A2 
reacted strongly to  M ,  tuberculosis, to  a 
lesser extent to  purified protein deriva- 
tive, and weakly to  collagen type 11. 
Despite its low magnitude, the response 
of line A2 to collagen type I1 was similar 
to that of line D l ,  which was directly 
selected for reactivity to type I1 colla- 
gen. These relatively low proliferative 
responses may be the result of the physi- 
cochemical properties of collagen fibers 
(lo), which could make them weak acti- 
vators of T cells in vitro. Line D l  did not 
show any reactivity to M .  tuberculosis or 
the protein derivative. Line Z l c  showed 
reactivity to the protein derivative, and 
to a lesser extent to  the bacterium, but 
not to type I1 collagen. 

We then investigated whether line A2 
can induce arthritis or be used to vacci- 
nate against subsequent induction of ac- 
tive AA. Because total body irradiation 
before inoculation with adjuvant in- 
creases the susceptibility of rats to AA 
(11), we inoculated the A2 line into both 
nonirradiated and irradiated rats. Intra- 
venous inoculation with 2 x lo7 untreat- 
ed A2 cells did not lead to development 
of arthritis in rats that had been irradiat- 
ed with 200 R (Table 2). However, inocu- 
lation of the A2 cells into rats irradiated 
with 750 R led to polyarthritis within 6 to 
12 days. This arthritis lasted for up to 3 
weeks and was characterized by the in- 
flammation and histological features of 
AA. Irradiation of A2 cells with 1500 R 
abrogated their ability to  cause arthritis 
in irradiated rats. Control T cell lines 
selected for their reactivity to  the protein 
derivative (Zlc),  to  ovalbumin (Cla), o r  
to the basic protein of myelin (Zla)  did 
not cause arthritis. 

These results indicate that specific T 
lymphocytes reactive against M ,  tuber- 
culosis can induce autoimmune arthritis 
and that suppressor mechanisms sensi- 
tive to radiation can participate in the 
regulation of arthritis (11). Although 
antibodies to  collagen type I1 may be 
capable of transferring arthritis to recipi- 
ent rats (12), it is unlikely that the trans- 
ferred T lymphocytes (negative for 
immunoglobulin markers) or the heavily 
irradiated recipients could have pro- 
duced arthritogenic antibodies. Thus, it 
appears that the A2 cells themselves 
mediated the arthritis. 

To test whether the A2 line can also 
vaccinate rats against active AA, we 
challenged rats with CFA 35 days after 
they had been inoculated with A2 or 
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Table 1. Proliferative responses of T lymphocyte lines. Lines A2 and D l  were obtained from male Lewis rats that had been injected in each hind 
foot pad with 0.05 ml of CFA containing 10 mg of heat-killed Mycobucrerium ruberculosis (H,,Ra; Difco) per milliliter (for line A2) or  with 0.05 ml 
of rat type I1 collagen (donated by E. J .  Miller) emulsified in equal volumes of 0.1M acetic acid and incomplete Freund's adjuvant (Difco) (for line 
Dl ) .  On day 9 the draining lymph nodes were removed and T cell lines reactive to the sensitizing antigens were generated by intermittent 3-day 
periods of incubation with antigen as described in (91, but without the density separation step. Ten micrograms of M. tuberculosis or rat type I1 
collagen per milliliter were used as stimulating antigens for lines 2A and D l ,  respectively. Line Z l c  was obtained from female Lewis rats that had 
been immunized with basic protein in CFA (9). The proliferative responses of these cells (2.5 x lo4 per ml) were tested in vitro (9) with antigens 
at optimum concentrations determined by dose-response experiments. These antigens included M. tuberculosis (50 (rglml), purified protein 
derivative (Statens Serum Institut) (25 (rgimlj, rat type I1 collagen (50 (rglml), conconavalin A (Miles Yeda) (2.5 (rglml), and accessory cells in 
form of irradiated (1500 R) syngeneic thymus cells. The proliferative responses were measured as counts of ['Hlthymidine incorporated into 
DNA per minute or as  the stimulation index (the ratio of control to test measurements) (9). All the cells of lines developed in this way bear specific 
markers of T lymphocytes detected by monoclonal antibodies (16). Stimulation indices are given in parentheses. Values are means + standard 
deviations. 

pp------p-p.-p. 

T Proliferative response (countlmin X 

lymph'- Selecting antigen -- 
- - - - - 

cyte Control M ,  tuberculo~is Collagen 
l ~ n e  (no antigen) type I1 

Protein 
derivative Concanavalin A 

A2 M.  tuberculosi~ 2 7 + 0.3 109.9 + 5.2 (40.7) 5.9 + 0.7 (2.2) 51.3 + 3.0 (19) 183.3 + 3.1 (67.9) 
D 1 Type I1 collagen 3.6 t 0.4 2.7 t 0.3 (0.8) 8.6 + 0.3 (2.4) 2.5 + 0 5 (0.7) 25.9 + 0.8 (7.2) 
Z l c  Protein derivative 1.2 + 0.2 25.4 + 1.7 (21.1) 1 . 1  + 0.3 (0 9) 67.6 + 2.3 (56.3) 87.2 + 2.1 (72.7) 

other lines. Uninjected nonirradiated 
rats, uninjected irradiated rats, and irra- 
diated rats that had been given the Z l c ,  
Cla, or Z l a  control lines were highly 
susceptible to AA induced by injection 
of CFA (Table 2). In contrast, rats inocu- 
lated with intact A2 cells were fully 
protected against subsequent induction 
of active AA. This protection appeared 
as soon as 16 days after inoculation. 
Injection of line A2 cells irradiated with 
1500 R protected about 60 percent of 
nonirradiated recipients. 

Since line A2 was reactive against the 
M. tuberculosis present in CFA,  vacci- 
nation against AA may have been due to 
inhibition of the general adjuvant effect 
of CFA rather than to inhibition of the 
lymphocytes that specifically caused ar- 
thritis. We therefore investigated wheth- 
er line A2 can protect rats against experi- 
mental autoimmune encephalitis induced 
by injecting them with the basic protein 
of myelin emulsified in CFA (13). As 
shown in Table 2, recipients of line A2 
were fully protected against AA, but not 

clones of lymphocytes (14). The fact that studies of the effects of line D l  (specific 
irradiated rats acquired resistance to  ac- for collagen type 11) indicate that this line 
tive AA suggests that the mechanism is not capable of inducing arthritis in 
responsible for vaccination might be re- either nonirradiated or irradiated (750 R) 
sistant to  radiation. It  is also conceivable rats. However, some support for a rela- 
that the A2 cells persisted in the recipi- tion between AA and collagen I1 immu- 
ent rats and immunized them after their nity may be derived from the finding that 
recovery from irradiation. Preliminary four of eight rats inoculated with 5 x lo6 

Table 2. Induction of and vaccination against AA by A2 cells. Female Lewis rats (6 to 10 weeks 
old) were inoculated intravenously with 2 + lo7 cells of T lymphocyte lines reactive to 
Mycobucterium ruberculosis (A2), purified protein derivative (Zlc) ,  ovalbumin (Cla) ,  o r  the 
basic protein of myelin (Zla) .  The rats were in,jected in a nonirradiated condition or immediately 
after irradiation (200 or 750 R) by a "Co gamma-ray source (GB ISOA, Atomic Energy of 
Canada) at a distance of 86.5 cm and a dose rate of 80 radsimin. Before the injections the cell 
lines were restimulated in vitro by incubation of 2 + lo5 cells per milliliter for 72 hours in the 
presence of irradiated (1500 rads) syngeneic accessory cells (1.5 x lo7 thymocytes p,er 
milliliter) and the relevant antigens: M .  tubercu10,sis (10 pgiml), protein derivative (5 (rgiml), 
ovalbumin (Sigma) (20 (rglml), or basic protein of myelin (10 pglml) (9). The cells were then 
collected. Some were treated by irradiation with 1500 R (at a distance of 40 cm and dose rate of 
370 radslmin). The rats received intravenous injections of irradiated or  nonirradiated cells into 
the tail vein and were examined daily and scored for clinical signs of arthritis-erythema and 
swelling of joints. The  diagnosis was confirmed by histological examination of selected rats. 
Thirty-five days later, the rats were tested for susceptibility to induction of AA by intradermal 
injections of 0.1 ml of CFA containing M. tuberculosis (10 mglml). Several rats were inoculated 
in each hind foot pad with 0.05 ml of basic myelin protein in CFA to assay their susceptibility to 
experimental autoimmune encephalitis (9). The number of rats in each group is given in 
parentheses. N.D. ,  not done. 

against encephalitis. Likewise, line Z l a  
(reactive to the basic protein) did not 
protect against AA but did protect Irradi- 
against encephalitis. These findings indi- Cell ated 
cate that protection was immunological- line (1500 

rads) 
ly specific and not the result of a general- 
ized antiadiuvant action. Since Drotec- 
tion agains; AA was specific far  ;he A2 
line, and since T cell lines of different 
antigen specificities differ by virtue of 
antigen receptors, it is conceivable that 
this protection might have resulted from 
immunization against the receptors of 
the T lymphocytes that react against self- 
antigens in the joints. 

It has been proposed that receptor 
immunity regulates immune responses 
by suppressing or  activating specific 
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Recip- 
ient 
rats 

irradi- 
ated 

Incidence of arthritis 
(percent ) 

AA induced 
Cell- by CFA 

induced 35 days 
arthritis after cell 

inoculation 

Incidence of 
encephalitis 
(percent) by 
basic protein 

in CFA 35 
days after 
inoculation 

A2 No 
N o 
No 
Yes 
Yes 

Z l c  N o 
No 

C l a  No 
Z l a  Yes 
None 

I00 (5) 
N.D. 
N.D. 
N.D.  
N.D. 

I00 (5) 
N.D. 
N.D. 
40 (5) 

I00 (20) 
N.D. 
N.D. 



to 20 x lo6 cells of line D l  acquired 
resistance to active AA. The reactivity 
of line A2 to collagen type I1 may be 
explained by some cross-reactivity be- 
tween antigens of M .  tuberculosis and 
collagen. However, this hypothesis can 
only be tested with cloned A2 cells. In 
any case, our results indicate that lines 
of autoimmune effector T lymphocytes 
can be isolated by their response to  
bacterial antigens and that such cells can 
vaccinate against experimental arthritis. 
Rheumatoid arthritis, although it seems 
to arise spontaneously, may be triggered 
by an environmental agent-possibly in- 
fective (15)-that initiates a self-perpetu- 
ating autoimmune process. 

JOSEPH HOLOSHITZ 
Department of Cell Biology, Weizmann 
Institute of Science, Rehovot 76100, 
Israel, and Department of Medicine B ,  
Meir General Hospital, 
Kfar-Saba 44815, Israel 

YAAKOV NAPARSTEK 
Department of Cell Biology, Weizmann 
Institute of Science, and Department 
of Medicine A ,  Hadassah University 
Hospitul, Jerusalem, Israel 

AVRAHAM BEN-NUN 
IRUN R. COHEN 

Department of Cell Biology, 
Weizrriann Institute of Science 

Human Endometrial Adenocarcinoma Transplanted into 
Nude Mice: Growth Regulation by Estradiol 

Abstract. A model for studying the growth of primaiy tumors of hllman endome- 
trium and its regulation by 17P-estradiol has been developed in which ovariecto- 
mized nude mice are used as recipients. The receptors for sex steroids are 
maintained during serial transplantation of the tumor in this system. Although the 
rate of growth of receptor-negative endometrial tumors transplanted into ovariecto- 
mized nude mice is unaffected by the sustained presence or absence of estradiol, the 
growth of receptor-positive tumors is signijicantly increased by estradiol. Receptor- 
positive tumors treated with estradiol produced elevated concentrations of proges- 
terone receptor. That the progesterone receptor is functional in this tumor is evident 
from the induction oj'estradiol 17P-dehydrogenase activity upon progestin adminis- 
tration. Thesejindings are consistent with receptor-mediated regulation of growth of 
endometrial carcinoma. 

Steroid actions on target tissues are 
thought to  be mediated through steroid- 
specific, saturable, high-affinity receptor 

The estradiol and progesterone recep- 
tor concentrations were determined in 
freshly obtained primary tumors and af- 

proteins (1) .  Accordingly, the growth of 
tumors that are positive for the estrogen 
receptor may be modulated by 17p-estra- 

ter each passage into nude mice by Scat- 
chard plot analysis (5) of data for specific 
tritiated ligand binding (Table 1). Signifi- 

diol (Ez), whereas the growth of estrogen 
receptor-negative tumors may be ste- 
roid-independent. However, studies of a 
breast tumor cell line (MCF-7) in nude 
mice, of breast cancer tissue, and of 
other E2 target tissues have suggested 

cant numbers of E2- and progesterone- 
specific binding sites were found in the 
freshly obtained well-differentiated ade- 
nocarcinoma (estrogen receptor, 43 
fmole per milligram of dissociation con- 
stant protein, ( K d ) ,  3.4 x 10-"M; pro- 

that some other host factors may be 
involved in E2-mediated growth (2, 3). 
We report here our studies with primary 
adenocarcinomas of human endome- 

gesterone receptor, 1090 fmole per milli- 
gram of protein, K d ,  3.9 x 10-~h/n. Both 
estrogen and progesterone receptors 
were maintained in tumors transplanted 
into ovariectomized nude mice (con- 
trols). However, when the tumors were 
retransplanted, the estrogen receptor 
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progesterone receptors by E2 implants 
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in half of the animals, while the others 
served as  controls. The rate of growth of 
the well-differentiated tumor was dra- 

concentrations in these animals may re- 
flect the nuclear translocation of the re- 
ceptor in the presence of circulating E2. 

'The poorly differentiated tumor also 
contained estrogen and progesterone re- 
ceptors initially. We believe that the high 

matically increased by the sustained 
presence of E2 (Fig. I,  A and B). The 
average weight of tumors in E2-exposed 
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mice at 6 weeks was more than ten times 
that of controls (controls, 0.087 g; E2- 
treated, 1.03 g). In contrast, the growth 
rate of the poorly differentiated adeno- 
carcinoma was unaffected by administra- 
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entiated tumor were observed in the 
original surgical specimen. We have re- 
cently reported on the problem of tumor tumor weights at  the time the mice were 

killed were 1.65 g for controls and 1.56 g 
for the E2-treated mice. 
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