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W e  have  recent ly  repor ted  the  e l imina t ion  in vivo of  a syngeneic  ra t  M o lone y  
sa rcoma  (MST)  1 wi th  an  es tabl i shed  b lood  supply ,  by  remote  in t ravenous  infusion of  
syngeneic splenic effector cells wi th  specifici ty for the  t u m o r  (1). T h e  splenic effector 
cells were effective in vivo on ly  af ter  cy to toxic i ty  o f  the  popu la t i on  was a u g m e n t e d  in 
an in vi tro mixed  lymphocy te  t u m o r  cell cu l tu re  (M L T C) .  In  this paper ,  we present  
d a t a  on the e l imina t ion  of  an  es tabl i shed  Moloney  sa rcoma wi th  a b lood  supply ,  
r ang ing  from 1 to 7 cm in Diam,  by  infusion o f  va ry ing  numbers  of  specific effector 
cells. T h e  specific effector cells were a subset of  T blast  cells, W 3 / 2 5  + and  W 3 / 1 3  + 
(2), as de tec ted  by  monoc lona l  an t ibod ies  to rat  T ant igens,  and  they  a p p a r e n t l y  
funct ioned as ampl i f i e r  or he lper  cells in the  t umor -be a r i ng  host. A W 3 / 2 5 -  popu la -  
t ion,  a melange  o f  T cells, nul l  cells, macrophages ,  and  B cells, was associated with  
enhancemen t  of  t u m o r  in vivo. 

M a t e r i a l s  a n d  M e t h o d s  
Rats. 3-mo-old BN females were used as donors of spleen cells and as test animals bearing 

an established tumor. They were obtained from the breeding colony of Scripps Clinic and 
Research Foundation (La Jolla, Calif.) 

Tumors. MST- 1 is a rat Moloney sarcoma that expresses Moloney sarcoma virus and carries 
the RT1 surface markers of the BN (3). 5 × 104 MST-1 is lethal in irradiated recipient BN rats 
within 40 d. BM2 is another BN rat tumor line derived from MST-1. It expresses virus, elicits 
a high level of cytotoxic effector cells, and is lethal in test-irradiated BN recipients at ~/dose 

7 that exceeds 10 cells. Both tumor lines are maintained in vitro as monolayer and suspension 
cultures. Passage numbers 10-40 of these lines were used both for immunizationof donor rats 
and as targets for S~Cr release assays in vitro. Immunization with either line protected recipient 
rats from lethal inocula of the other line. MST-1 was used in all experiments as the challenge 
tumor in vivo, and BM2 was usually used to immunize donor rats. 

Antibodies. Three T cell reagents were used to identify and to isolate rat T lymphocytes: a 
monoclonal anti-rat T cell antibody (W3/13) and a second monoclonal anti-rat T cell antibody 
(W3/25), described by Williams et al. (2) and commercially available from Sera Lab, Ltd., 
Sussex, England. W3/13, by indirect immunofluorescence, i.e., by labeling cells with a fluores- 
cein (FI)- or rhodamine (Rh)-labeled goat anti-mouse IgG (N. L. Cappel Laboratories, Inc., 
Cochranville, Pa.) after binding of the primary unlabeled antibody, stained 100% of 
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t Abbreviations used in this paper: BSA, bovine serum albumin; C, complement; CMC, cell-mediated 
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mouse IgG antibodies; GARG, goat anti-rat Ig antibodies, polyvalent; MLTC, mixed lymphocyte tumor 
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thymocytes and 40-45% of spleen cells. W3/25 by indirect immunofluorescence, stained 95- 
100% of thymocytes and 35-40% of spleen cells, about 80-85% of cells stained by W3/13. This 
latter reagent detected peripheral T lymphocytes; W3/13 detected peripheral and immature 
bone marrow and thymic T lymphocytes (2). A rabbit anti-rat thymocyte antibody (RART) 
was prepared by injecting rabbits with rat thymocytes and absorbing the antiserum with rat 
liver, kidney, and bone marrow until  <2% of the bone marrow cells stained by indirect 
immunofluorescence, and 90-95% of thymocytes were stained (4). Cowan strain Staphylococcus 
aureus (Pansorbin; Calbiochem-Behring Corp., American Hoechst Corp., San Diego, Calif.) was 
coated with this antibody and was used to immunoprecipitate NP40 extracts of rat thymocytes. 
The antigen-antibody complex was injected to rabbits, and the resultant antiserum stained, by 
direct fluorescence, 90-95% thymocytes, 2-5% bone marrow cells, and 40-50% spleen cells. 
R A R T  was used to lyse T-positive lymphocytes and destroyed 95% of thymocytes. 

Ia antigens were detected with a mouse antiserum, B 10.D2 anti-B 10.Br, generously supplied 
by Dr. David Sachs (5). It was used after fractionation in 50% ammonium sulfate. Surface 
immunoglobulin (SIg) was identified with F(ab')2 fragments of a polyvalent goat antiserum to 
rat immunoglobulins (GARG); its preparation and properties have been described (6). F(ab')2 
fragments of goat antiserum to mouse IgG (GAMG) (N. L. Cappel Laboratories, Inc.) were 
used to detect mouse IgG. GAMG was absorbed with rat IgG coupled to Sepharose 4-B to 
render it specific for mouse IgG; labeled with a fluorophore, it stained 1-2% of rat spleen 
lymphocytes by direct fluorescence assay. 

FI and Rh conjugates of anti-Ia, GARG, and GAMG were prepared as described elsewhere 
(7). 

Cell Staining. T lymphocytes were labeled by incubat ing 3 × l06 spleen cells or cells of a 7- 
d MLTC with 150/~g of GARG in a volume of 0.5 ml of minimal  essential medium or RPMI-  
1640 (Grand Island Biological Co., Grand Island, N. Y.), supplemented with 10% fetal bovine 
serum. The incubation period was 75 rain at 37°C, to strip SIg from the cell membrane of rat 
B ,'e~]~ and to prevent any cross-reactivity of GAMG for rat spleen cells. The cells, after 
incubation, were washed once in Hanks'  balanced salt solution containing 2% bovine serum 
albumin (BSA) and 0.1% NAN3, resuspended in 50/~l of this medium, and then incubated for 
30 rain at 4°C with 25 ~l of W3/13 at 1:10 dilution or W3/25 at 1:4 dilution. Cells were 
washed two times, resuspended in Hanks'  balanced salt solution containing BSA and NaN.~, 
incubated with 20/.tg of FI-GAMG for 30 rain at 4°C, and washed three times before final 
suspension in medium. When T cells were fractionated in a fluorescence-activated cell sorter 
(FACS), W3/25 stained cells were kept in RPMI-1640 10% fetal bovine serum for the entire 
procedure. 

SIg was detected with FI-GARG as described previously (6). Ia was detected by incubating 
3 × 106 spleen cells or cells o f a  7-d MLTC in 0.l ml with 25/~g of Fl-anti-Ia for 30 min at 4°C. 
Cells were washed three times, fixed by addition of 4% paraformaldehyde, final concentration 
1%, washed once, and examined. Double labeling was carried out as follows: (a) for Ia and SIg, 
cells were first labeled with Rh-GARG to detect SIg, washed three times in Hanks balanced 
salt solution-10% rat serum and 0.1% NaN.~, and stained next with FI-anti-Ia; (b) for Ia and T 
antigens, cells were stained first with unlabeled W3/25 or W3/13 followed by Rh-GAMG to 
detect T antigens, washed three times in Hanks'-10% mouse serum and 0.1% NAN3, and next 
stained with Fl-anti-Ia. 

Fluorescence Microscopy and Rapid Flow Microfluorimetry. Cells were examined in a Zeiss epi- 
fluorescence microscope with FI- and Rh-specific filters. The number  of positively stained cells 
per 100 lymphocytes was scored for each trial. Doubly labeled cells were quanti tated by 
recording the number  of positively stained cells with one fluorophore per I00 lymphocytes and 
the number  of positively stained cells with the other fluorophore per 100 positive cells labeled 
with the first fluorophore. 

Fluorescence intensity and light scatter were determined in an FACS (FACS II; Div. FACS 
Systems, Beckton, Dickinson & Co., Oxnard,  Calif.). The preamplifiers and laser beam were 
adjusted so that the fluorescence peak was at channel 280, and the scatter peak was at channel 
230 when 5 ~m fluorescent beads were tested (Coulter Electronics Inc., Hialeah, Fla.). The 
coefficient of variation was about 10%. Cells in fluorescence channels 100-400 were classified as 
low density, and 400-1,000 as high density. Percentage of cells under  each part of the 
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fluorescence histogram was determined by the formula: number of cells in specified fluorescence 
channels/total number of fluorescent cells multiplied by 100. Positive W3/25 ceils were isolated 
by sorting in the FACS at 4-5,000/s. Cells in channels 0-90 were deflected left, and those in 
channels 110-1,000 were deflected right. 

Depletion of B and T Lymphocytes. B cells were eliminated from effector populations by 
adherence to plastic Petri dishes coated with affinity purified F(ab')2 fragments of goat 
antibodies to rat immunoglobulins according to method of Mage et al. (8). T cells were removed 
by lysis with an excess RART and guinea pig serum diluted 1:5 as a source of complement. 
RART plus complement treatment reduced day 7 immune T cells from 57 to 5%, as detected 
by W3/13. 

Generation of Effector Cells. Rats were immunized by a subcutaneous injection with 10 e BM2 
cells. Spleen cells were removed 7 wk later, 2 wk after the tumors had completely regressed. To 
augment cytotoxicity, immune spleen cells were cultured in vitro with MST-1 tumor cells 
treated with 50 pg/107 ceils/ml, of mitomycin C (Sigma Chemical Co., St. Louis, Mo.). 
Pretreatment of tumor cells with trypsin (0.5 g trypsin plus 0.2 g EDTA/l i ter  for 5 min at 37°C 
in 95% air-5% CO2; trypsin EDTA (Flow Laboratories, Inc., Rockville, Md.) enhanced their 
immunogenicity as stimulating elements in the MLTC. The cultures were established in 75- 
cm 2 tissue culture flasks (Falcon Labware, Div. of Becton, Dickinson & Co.) at a ratio 5:1 
spleen (E):tumor cells (T) and incubated for 7 d under the conditions previously described (1). 
Cytotoxicity of spleen cells only from donor rats in which regression was complete could be 
augmented in vitro. 

5tCr Release Assay. After 7 d of culture the cytotoxic spleen cell activity (CMC) was assessed 
in a 16-h siC-release assay as described previously (1). The 7-d cultures of immune spleen cells 
and mitomycin C-treated MST tumor cells (MSTMit) yielded the maximal CMC, ranging from 
80 to 84% specific 51Cr release at E:T ratios of 50:1 to 100:1. In a microassay, 104 SlCr-labeled 
target cells were incubated at a ratio of50:1 with effector cells in 0.5-ml microtubes in a volume 
of 0.3 ml. 

Challenge of Established Sarcomas In Vivo. Assay rats were irradiated with 400 rad whole body 
irradiation, and inoculated subcutaneously in the flank with 5 X 104-2..5 X l0 s MST-I,  a lethal 
inoculum within 30-40 d. The dose of tumor varied with different passages of MST-1, and 
assay rats were tested at 6-8 d when MST-I was 1-1.5 cm in Diam; at 12 d, when tumors were 
2.5 cm in Diam; and at 18 d postinoculum when tumors were 4-7 cm in Diam. Groups of three 
to five assay rats were infused intravenously with a single or repeated doses of unfractionated 
cytotoxic effector cells or control effector cells. In some experiments, fractionated populations 
were used: W3/25 + cells and W3/25-  cells from immune spleen cultures of MLTC; T cell- and 
B cell-depleted immune effector populations. Tumor size was monitored by measuring with 
dial calipers every 2-4 d for up to 100 d. Size was recorded as the product of maximal 
perpendicular measurements and presented in square millimeters as the mean of a group. 

R e s u l t s  

Effector Cells and Tumor Elimination In Vivo. In the  first set o f  exper iments ,  a t u m o r  
inocu lum of  2.5 X 105 M S T -  I was injected subcutaneous ly  into the  r ight  f lank o f  BN 
rats, which  were i r r ad ia t ed  with  400 rad  total  body  i r radia t ion .  T h e  E : T  ra t io  was 
var ied  from 50:1 to 400:1, ca lcu la ted  on the n u m b e r  o f  t u m o r  cells inocu la ted  on d a y  
0. O n  day  6, when tumors  r anged  be tween 1.0 and  1.5 cm in D i a m  a n d  had  a b lood  
supp ly  (as de t e rmined  by  histologic examina t i on  in o ther  exper iments)  effector cells 
from 7-d M L T C ,  with  a u g m e n t e d  in vi tro cytotoxici ty ,  were infused in t ravenously .  
T h e  results are  shown in Fig. 1. 

W h e n  1 × l0  s i m m u n e  spleen cells were infused in t ravenous ly  (E:T ra t io  of  400:1), 
MST-1  was e l imina ted  wi th in  20-30 days  af ter  infusion o f  effector cells. By infusion 
o f  5 X 107 i m m u n e  spleen cells in t ravenous ly  (200:1, E:T) ,  M S T - I  was e l imina t ed  in 
40-48 d af ter  infusion of  effector cells; by  infusion o f  1.25 × 107 i m m u n e  spleen cells 
in t ravenous ly  (50:1 E:T)  and  2.5 × 107 i m m u n e  spleen cells in t ravenous ly  (100:1 E: 
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Fro. 1. Effect of the intravenous (i.v.) infusion of varying numbers of immune spleen cells (Spc), 
with augmented cytotoxicity, in assay rats bearing a day-6-established vascularized subcutaneous 
(s.c.) MST-1 sarcoma, 1.5 cm in Diam. Controls included infusion of: MST-1 tumor cells alone, 
MLTC cells from normal nonimmunized donors, and MLTC immune spleen cells incubated with 
an unrelated tumor (BC5). Data pooled from 4 separate experiments, i.e., 20 assay rats in each 
group. 

T), there may have been some delay in tumor  growth, but  MST-1 expansion was 

progressive, and  all rats were dead 40 d after tumor  inoculat ion.  Un t rea ted  controls 

with tumor  only, died wi thin  30 d of tumor  inoculat ion.  In rats given cells from 

normal  or progressor donor  spleens that were cul tured for 7 d in M L T C ,  growth of 

tumors was unaffected or enhanced.  

Fig. 1 reveals that despite infusion of large n u m b e r  of effector cells, a period of t ime 

was required (about 2 wk) before regression was recognizable. Fur thermore,  the larger 

the n u m b e r  of effector cells, the greater and  sooner the effect on tumor  growth. 

Similar  results were also obta ined  in assay rats that  were not i rradiated except that  

tumor  e l iminat ion  was prolonged by several days (data not shown). I r radiated rats 

were reported in this paper  because rate of growth of tumors in i r radiated rats was 



E. FERNANDEZ-CRUZ, B. A. WODA, AND J. D. FELDMAN 827 

less v a r i a b l e  t h a n  in n o r m a l  rats  a n d  because  in a smal l  p r o p o r t i o n  o f  n o r m a l  hosts  

b e a r i n g  a t u m o r ,  in fus ion  o f  e f fec tor  cells was  i n h i b i t o r y  r a t h e r  t h a n  c u r a t i v e  (1). 

In  a second  set o f  e x p e r i m e n t s ,  s u b c u t a n e o u s  i n o c u l a  o f  M S T - 1  were  a l l o w e d  to 

e x p a n d  in size for 12 a n d  18 d a f te r  i nocu l a t i on ,  w h e n  t h e y  were  ove r  2.5 a n d  5.0 c m  

in D i a m ,  respec t ive ly .  T h e s e  d a t a  a re  s h o w n  in Fig. 2. T h e  l a rger  t he  t u m o r  load  at 

t he  t i m e  o f  in fus ion  o f  e f fec tor  cells, t he  g rea t e r  t he  n u m b e r  o f  e f fec tor  cells t ha t  was  
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FIG. 2. Elimination of malignant sarcomas, 2.5-7 cm in Diam, by infusion of immune spleen cells 
with augmented cytotoxicity. Assay rats bearing a 12-d-old sarcoma (0) were treated with a single 
infusion of effector cells and assay rats bearing an 18-d-old malignancy were treated with repeated 
infusions (A) of effector cells. Data pooled from three separate experiments. Each point of the 
experimental groups represents the mean of 6 assay rats, and each point of the control curves is 
mean of 15 assay rats. O, untreated controls. 
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needed to e l iminate  the tumor.  As before, there was con t inued  growth of t umor  for 
10-14 d after infusion of effector elements. E l imina t ion  of a 12-d-old sarcoma required 
a min ima l  dose of 3 × l0 s effector cells, and  complete e l iminat ion  was achieved 50- 
60 d after injection. However,  in 18-d-old sarcomas, the total n u m b e r  of effector cells 
needed to induce detectable regression was 7.5 × l0 s, given in two int ravascular  
infusions. Two addi t iona!  infusions of effector cells were adminis tered even when it 
was apparen t  that  MSF-1  was diminishing,  in order to ensure that  the tumor  would 
not resume growth, Fig. 3 is a photograph showing the size of the tumor  in one assay 
rat at its peak size on day 27 after inoculat ion of MST-1,  and  also its complete 
e l iminat ion  by day 98. There  was no recurrence in any  of the rats cured of M S T  
sarcomas, some of them having been followed for more than  18 mo. Fur thermore ,  the 
treated rats retained the capabi l i ty  to reject a lethal dose of MST-  1 when challenged 
1 yr later (data not shown). 

FI~. 3. Photograph showing: (A) one assay rat bearing a lethal subcutaneous MST-1 sarcoma, 6 
cm in Diam, on day 27 after tumor inoculation. The test rat was treated with repeated intravenous 
infusions of effector spleen cells (total -- 1.5 × 109), beginning on day 18 after inoculation of tumor. 
(B) Elimination of the tumor 98 d after tumor inoculation and 80 d after infusion of effector cells. 
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Nature of Effector Cells. The composition of spleen cells after removal from normal 
BN rats and BN rats with regressed or progressive tumors (day 0 of  culture) is 
presented in Table I. There were no significant differences in the percentages of  T- 
positive, Ig ÷, and Ia ÷ cells. The non-T, Ig- cells included macrophages (5-10%) and 
null cells and other unidentified elements, and this mixed population of  cells was also 
not significantly different in relative numbers among the three groups of  spleens. It 
should be noted that spleens of  rats with progressive tumors were about two times 
larger in weight (2-3 g) than were spleens of  normal control rats or spleens from rats 
in which tumors had regressed, and yielded twice as many cells per spleen. 

After 7 d of  culture of  a mixture of  spleen cells and mitomycin-treated MST-1,  
there was a significantly altered composition of  spleen cells from regressor rats (Table 
I). T cells were selectively increased (50-57%), Ig ÷ cells were decreased; and Ia + cells 
were increased. The total number of  cells in 7-d cultures of  spleens from regressor 
animals averaged 50% of  the number cultured on day 0; in 7-d cultures of  spleens 
from normal rats or rats with progressive tumors, cells were reduced to 15% of  the day 
0 number. The relative percentages shown in Table I, indicate that there was a 
fivefold increase of  W3/25  + cells in day 7 cultures of  regressor spleens compared with 
day 7 cultures of  controls. For in vivo infusion, experimental and control cultures 
were pooled. When an equal number of  cells was administered to tumor-bearing 
hosts, the absolute number of  W3/25  + T cells in pools of  regressor spleen cultures 
delivered to test rats, was significantly greater than the number of  W3/25  + cells 
delivered in pools of  cultures derived from controls or uncultured regressor spleens. 
Examination of  spleens from normal rats and rats with progressive tumors also 
revealed that after 7 d of culture in MLTC,  there was a relative decrease of  T cells, 
Ig +, and Ia + cells. These decreases were not statistically significantly different from 
the percentages of  cell types found in day 0 cultures. 

There was also a significant increase in the number of  Ia + cells in the 7-d cultures 
of  regressor spleens. Approximately 55% of  W3/25  + T cells became Ia + (Table I). In 
the three groups of spleens at day 0, Ia ÷ T cells ranged from 1 to 3%. Our data 

T A B L E  I 

Surface Markers on Uncultured and Day 7 ML TC Cells* 

T 
T ( W 3 / 1 3 ' )  T ( W 3 / 2 5  ÷) 1,~ + la+ T ( W 3 / 1 3  ~) la  + T ( W 3 / 2 5  *) la  + 

,/,, 

Uncu l tu red  spleen cells,  
day  0 

Normal  splc<'ns 45 ± I (41§ 38 ± I (4) 

Progncs+sor sl)lcens 46 + 2 (41 34 + 2 (4) 

Regressor sl)leens 46 ± I (4) 38 ± I (4) 

I )a)  7 M I . F C  cells  

Normal  sl)leens 39 ± 3 (3) 35 ± 3 (3) 
pIIOg[lt~l" splcens 37 ± 6 (3l , 35 ± 3 (31 

Rcgres.s,a~ spleens 57 ± 3 (6) 50 ± 3 (61 

r l l  / '  = o . . 2  / '  < o.o~ 

48 ± 2 (4) 
46 ± (4) 

45 ± (4} 

31 ± (2) 

3 9 +  2 (2) 

24 ± (i (4) 

P < I ) . 0 2  

27 ± I (12) 3 + I (7) 2 ± 1 (7) 7 

28 + I (2) 4 ± L (2) 4 ± ] (~) 8 
29 :t: I (2) 5 ± I (2) 4 + I (2) 9 

18 (I) I (I} 2 (I) 30 

21 + 2 (2) 5 ± I (2) 4 + 2 (2) 24 

58 ± 4 (5) 54 :t:: 7 (4) 55 ± 7 (4) 1'9 

P < (J,OI P < O.(Jl P < [).OI 

* Data  shuwn are the mean l)<'rcentage of  s ta ined cel ls  ± S E M .  3 x I0 + uncuhured  and day  7 M I , T C  Sl+dC<.'l+ cells were ~;tainetl with F l - G A R ( ; ,  

a n t i - W 3 / 1 3 ,  of" a n t i - W 3 / 2 - )  fi)ll,awcd hy  FI- ( ;AMC; .  I X I(( '  viabLe celLs were ana lyzcd  f,~. f]tlOl'e~¢..'~llC~ ' intensi ty in a FACS.  For' the 
dr te rmina l i tm of  [a-pos i t ive  cel ls  and ]a-ix~sitlvr T cells,  3 × 10 s cel ls  wctc  stained with a n t i - W 3 / 1 3  or a n t i - W 3 / 2 5  and R h - G A M ( ;  ftfllowcd 

by F I-anti- |a .  T i le  i~..rcentage of  la-lz.Ositive l y m p h o i d  cel ls  and la -pos i t ive  T cells  was determitv:d by fluorcscenct: micl,.~sc,.)l)y. 

:~ Dt ' tc rmhled by sub t rac t ing  fi'om I(X)'7, the t,,~tal n u m b e r  o f t  cel ls  ( W 3 / i 3 " )  and  B cel ls  ([g+), 

§ N u m b e l  of  trials in parentheses.  

II e value was ca lcu lated  by Studem ' s  t test and  compares  uulculttued (day 01 legu'ess<, spleen celN and day  7 M I . T C  regressor spleen cells+ 



830 ELIMINATION OF SARCOMAS BY A SUBSET OF T LYMPHOCYTES 

apparently underestimated the total number  of  Ia ÷ cells present on days 0 and 7. 
Fluorescence microscopy of day 0 spleen cells showed that about 30% are Ig ÷, and 
90% of the Ig ÷ cells are Ia ÷. FACS analysis showed that 48% of cells are Ig ÷, hence, 
Ia-positive cells could be expected to be about 40%. 

Microscopic examination of 7-d cultures disclosed that 75% of the cells were 
blastlike cells (Fig. 4): there were very few tumor cells and macrophages. With 
appropriate staining, of  the blast cells 65% were T cells; there were also about 10% 
Ig ÷ cells. In 7-d cultures of  progressor and normal spleens, there were relatively large 
numbers of tumor cells, few blast cells, and some large vacuolated elements, which 
may have been macrophages (Fig. 4). A light scatter histogram disclosing the change 
in cell size of 7-d M L T C  cultures of regressor spleens confirmed a significant shift 
from small to large cells. Over  70% of day 7 cultures were larger than average spleen 
cells of day 0 cultures (data not shown). 

The observations recorded in Table I and Fig. 4 implicated T cells as the main 
effector ceil 'population. T cells were, therefore, reacted with W3/13 and W3/25 anti- 
T reagents and examined in a FACS for staining intensity, i.e., for density of T 
antigens on T cell surfaces. Cultures, prepared immediately after removal of  spleens 
from donor rats and from cultures of 7-d MLTC,  were labeled. Results are shown in 
Fig. 5 and Table  II. In Table  II cells were analyzed for their fluorescence intensity: 
low intensity channels 100-400, and high intensity, channels 400-1,000. The  signifi- 
cant change in the day 7 effector cell population was an increase of  poorly stained T 
cells and a significant decrease of brightly stained cells when F~-W3/13 was used. 
This decrease in fluorescence intensity occurred on cells that had increased in size as 
determined by light scatter. The opposite changes occurred when FI-W3/25 was used 
(Fig. 5). 

Elimination of Tumor In Vivo with Fractionated T Cells. Day 7 cultures of M L T C  
derived from regressor spleens were sorted in a FACS into W3/25 + and W3/25-  
populations. W3/25 by indirect immunofluorescence identified 87% of total day 7 
immune T cells. O f  the W3/25 + populations, 95% were positively stained after 
examination of sorted ceils, and 55% were Ia ÷. Rats were infused intravenously with 
5 × 106 W3/25 ÷ cells, with equal numbers of W3/25-  cells, or with 10-15 × 106 
immune spleen cells of 7-d MLTC,  stained with W3/25 but not sorted. The latter 
unfractionated population contains approximately 5-7.5 × 106 W3/25 ÷ T cells and 
5-7.5 × 106 W3/25-  cells. The results of  one such experiment are shown in Fig. 6. 
With infusion of W3/25 + T subset, an inoculum of 105 MST given subcutaneously 6 
d before was completely eliminated in 6-8 d. W3/25-  cells were ineffective against 
the established tumor; indeed, MST was significantly larger than tumors in control 
rats. 10-15 × 106 unfractionated day 7 immune spleen cells inhibited, but did not 
eliminate, the tumor. This type of experiment has been performed four times with 
similar results. However, when the sorted W3/25 + T lymphocytes could not be infused 
in sufficient numbers into rats bearing a 0.7- to l-era sarcoma, growth of the tumor 
was inhibited, but MST was not eliminated; the challenged hosts survived 75-95 d. 
In assay rats treated with W3/25-  cells, tumors were larger than in controls, and 
challenged hosts survived 28-30 d. Mean survival time in untreated controls was 38 
± 4 d S E .  

A number  of other fractionated populations of effector cells were assayed as 
described above. 10-50 × 106 immune spleen cells deprived of T cells by lysis with 
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Fro. 4. (A) Photomicrograph of effector cells in 7-d MLTC containing immune spleen cells from 
donor with regressed tumor and MST-lstit. Blast lymphocytes are numerous and tumor cells are 
rarely encountered. Giemsa stain; cytocentrifuged preparation; × 250. (B) Photomicrograph of cells 
in 7-d MLTC containing immune spleen cells from donor with progressing tumor and MST-1Mit. A 
mixture of tumor cells (arrows) and small lymphocytes are seen. Giemsa stain; cytocentrifuged 
preparation. × 250. 
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Fxc. 5. Fluorescence histograms of day 0 and day 7 MLTC. 10 '5 immune spleen cells, from a donor 
with a regressed tumor were reacted with W3/25 and FI-GAMG. Cell number is plotted on the 
vertical axis, fluorescence imensity on the horizontal. There is a marked increase of W3/25 antigen 
after 7 d in culture. 

TABLE II 

Fluorescence Intensity of Stained Spleen Cells* 

Fluorescence Regressor, Regressor, P:I: 
channel Normal, day 0 day 0 day 7 

% 

T (W3/13 +) 
100-400 69 ± 4 (4)§ 67 + 4 (4) 85 + 4 (4) <0.02 
400-1,000 31 ± 5 (4) 32 ± 2 (4) 15 ± 2 (4) <0.00l 

T (W3/25 ÷) 
100-400 92 ± 2 (4) 94 ± 2 (4) 72 ± 4 (7) <0.01 
400-1,000 7 ± 1 (4) 5 ± 1 (4) 28 ± 4 (7) <0.0l 

* Data shown are the percentages of SEM of fluorescent cells present in the 
specified channels. 3 X [0 t~ uncuhured and day 7 MLTC spleen cells were 
incubated with anti-W3/13 or anti-W3/25 and stained with FI-GAMG. 1 
× 10 .5 viable cells were analyzed for fluorescence intensity in a FACS. The 
percentage of cells under each portion of the curve was determined as follows: 
cells in specified fluorescence channels/total fluorescent cells :x: 100. 

~: P value was calculated by Student's t test and compares uncultured (day 0) 
regressor spleen cells and day 7 MLTC regressor spleen cells. 

§ Number of trials in parentheses. 

R A R T  a n d  c o m p l e m e n t  (C) w e r e  i n e f f e c t i v e  a g a i n s t  M S T  (Fig.  6). A t  a n  E : T  r a t i o  

in  v ivo  o f  1,000:1 (1 × 108 i m m u n e  s p l e e n  ce l l s ) ,  t h e  t u m o r  w a s  i n h i b i t e d  b u t  n o t  

e l i m i n a t e d  ( 5 - 7 %  T + ce l l s  r e m a i n e d ;  d a t a  n o t  s h o w n ) .  50 × 106 i m m u n e  s p l e e n  cel ls ,  

a f t e r  r e d u c t i o n  o f  S I g  + ce l l s  to  3% o f  t h e  t o t a l ,  c o m p l e t e l y  e l i m i n a t e d  M S T - 1  in  a b o u t  

40 d,  a r e su l t  s i m i l a r  to  t h a t  o b t a i n e d  w i t h  u n f r a c t i o n a t e d  d a y  7 e f f e c t o r  cel l  
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Fro. 6. Effect of W3/25 ÷ and W3/25-  immune spleen cells on tumor growth in vivo. Each curve 
represents one trial. Similar results were obtained in four different experiments (total = four assay 
rats) with W3/25 + and W3/25-  cell fractions, but these data are not pooled because different 
numbers of sorted cells and different doses of tumor challenge were used in each experiment. The 
growth curves of tumors treated with unfractionated cells, of controls, and of tumors treated with 
T-depleted immune spleen cells represent the mean of three different experiments with three assay 
rats per group (nine observations per point). 
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populations. A (W3/13 +, W3/25- )  T cell populat ion could not be obtained in 
sufficient numbers  to infuse into tumor-bear ing rats. 

In Vitro Cytotoxicity of Fractionated T Effector Cells. I m m u n e  spleen cells of  7-d cultures 
in M L T C  were sorted in a F A C S  into W3/25  + and W 3 / 2 5 -  populations. These and 
the unfraet ionated cultures containing W3/25  + and W 3 / 2 5 -  populations 
were tested for cytotoxicity against target MST-1 in 51Cr release assays. Fig. 7 gives 
the results o f  these experiments and represents the mean of  three trials, each trial 
carried out in triplicate; the s tandard  error of  the mean did not exceed 10% for these 
experiments. W3/25  + cells were poorly cytotoxic; cytotoxicity ranged from 11 to 13% 
specific 51Cr release. W 3 / 2 5 -  cells were more effective, displaying 22-50% specific 51Cr 
release. T he  unfract ionated mixed populat ion from which W 3 / 2 5  + and W 3 / 2 5 -  were 
derived, under  similar experimental conditions, yielded specific ~ZCr release of  37-  
62% at ratios of  20:1 to 50:1. Also, removal of  T lymphocytes  by t reatment  with 
R A R T  and C decreased in vitro cytotoxicity to 
cytotoxic against M S T  (average 70% 51Cr release 

Cytotoxici ty of  unfract ionated immune  spleen 
mycin C-treated M S T  (MSTMit) was augmented  

less than 10%. W 3 / 1 3  + cells were 
at an E :T  of  50:1). 
cells, incubated for 7 d with mito- 
to 60-70% 51Cr release; at the t ime 

of  removal from donor  rats, immune  spleen cells showed a 10% 51Cr release against 
M S T  (1). Control  spleen cells, immune  spleen ceils cultured without  antigenic 
stimulation, and immune  spleen cells cul tured with an unrelated tumor  (BC5), showed 
no augmenta t ion  o f ~ C r  release after 7 d in culture, and were ineffective in vitro and 
in vivo against M S T  (1). These results indicate that in vitro culture with the specific 
tumor  antigens is necessary to augment  effector function of  infused cells. 

Discussion 
There  has been a plethora of  reports describing either protection, prevention, or 

el imination in vivo of  syngeneic or allogeneic tumor  by injection of  cytotoxic effector 

70 

T- 5c 

~- 3C 

1C 

nated Immune Spc 

W3/25- Immune Spc 

W3/25 + T-Immune Spc 
o----_______ o 

50:1 2(J:1 
E'Tu Target Cell 

FIG. 7. In vitro cytotoxicity of W3/25 + and W3/25- immune spleen cells of 7-d MLTC and the 
unfractionated population from which these were derived. Immune spleen cells and control spleen 
cells were tested in a nJCr release assay against MST-I. Day 7 control spleen cells expressed negative 
cytotoxicity (data not shown). Each point is the mean of three trials in three separate experiments 
(nine observations) at E:T ratios of 20:1 and 50:1. E/Tu, spleen (E):tumor cells (Tu). 
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cells, i.e., immune lymphoid cells (9-73). The  tumors have been lymphomas,  leuke- 
mias, plasma cell tumors, fibrosarcomata, mammary ,  and lung carcinomas, and they 
have been induced by RNA C-type viruses, DNA simian virus 40, and chemical 
carcinogens. The  test species have included mice, rats, and guinea pigs (we are 
excluding human trials in this report). In most instances, malignant tumors have been 
prevented from growing by administration of immune lymphoid cells before or 
simultaneously with the inoculation of transplantable tumor or inducing virus. 
However, a number  of papers described the elimination of tumors after they have 
been inoculated into test animals, usually 3-5 d before administration of effector cells 
(14, 15, 17, 19, 20, 23-26, 28, 31, 46, 56, 57, 62, 70, 73) when the tumors ranged from 
0.5 to 2.0 cm in Diam. In some models combined immuno- and chemotherapy have 
been applied (19, 22, 24-26, 30, 31, 48, 50, 51, 59, 62, 63). 

In our model, established sarcomas of large size (1-7 cm) and relatively long 
duration (18 d) were completely and permanently eliminated, by remote infusion of 
syngeneic effector T lymphocytes that were stimulated a second time by the specific 
antigen, i.e., by MST-1 tumor. Several rough calculations reveal that a 5-cm in Diam 
5-g tumor  is about 3% of  the body weight (165 g) of  the test rats bearing the tumors. 
I f  translation to human proportions is permissible, this represents a 2-kg neoplasm in 
a 70-kg adult. In addition, tumors were expanding for 18 d before treatment was 
started; jn 100-d-old test rats, this is 18% of their lives, or in human terms, about 3.5 
yr of  a 20-yr-old adult. Regression of these large tumors (5-6 g), which we estimate to 
contain not less than 5 x l0 a viable tumor cells, was visible after infusion of 7.5 x l08 
effector cells, which is about two times the number  of cells that can be recovered from 
an adult BN spleen. The  W3/25 ÷ effector population was about 4 × 108 cells. 

The subset associated with elimination of established tumors was defined by W 3 /  
25 +, W3/13 ÷ blast cells. However, in vitro this subset was poorly cytotoxic for MST-  
1. These disparate results suggested that the (W3/25 ÷, W3/13 ÷) T cell functioned as 
a helper or amplifier cell in the tumor-bearing host and that elimination of MST-1 
required participation by the host. In support of  this was the following observation. 
There was a t ime lag between infusion of effector cells and noticeable regression of 
tumor. I f  W3/25 ÷, W3/13 + cells were directly cytotoxic in vivo, one might have 
expected an immediate or almost immediate effect on tumor size. Instead, there was 
continued tumor expansion for 10-14 d after effector cell infusion. In addition, White 
et al. (74) have provided some evidence that the W3/25 ÷ cell functions as a helper 
cell. However, we cannot exclude the possibility that the W3/25 ÷ cell may be 
converted to a cytotoxic effector cell after transfer to the assay animal, or that a small 
number  of  cytotoxic cells contained in the effector cell population expand to kill the 
tumor. 

The biological significance of the surface membrane  markers on the cells of the 
effector subset is still undefined. In the MLTC,  a T cell subset was expanded in 
response to tumor antigens and transformed into blast elements. With these changes 
there was an increase in the W3/25 antigen on the cell surface and a decrease of  W 3 /  
13 antigen. We have not determined whether the W3/25 + antigen is obligatory for 
helper function and whether its presence determines function or vice versa. Ia antigens, 
at least the ones detected by the antiserum used, seem not to be related to the in vitro 
function of W3/25 ÷ cells. In preliminary experiments when immune spleen cells of  7- 
d cultures were depleted of Ia-positive cells by anti-Ia antibody plus C or when Ia 
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antigens were stripped from the lymphocyte membrane by capping, in vitro cytotox- 
icity was the same as that observed with populations that were Ia +. Several recent 
reports have emphasized that Ia antigens of the I-A region of major histocompatibility 
complex are associated with amplifier T cells (75, 76); other reports indicate that Ia 
antigens, particularly those related to the I-J region, are associated with cytotoxic T 
cells (77-79). Ia antigens may merely be a differentiation marker or a marker for cell 
activation (75, 80-83). In our model, the acquisition of Ia during MLTC appears to 
have a positive relationship with cell activation because cell cultures from normal 
spleens, from spleens derived from rats with progressive tumors, and from regressor 
donor spleens that failed to become cytotoxic and to eliminate tumors in vivo, 
contained only 3-5% Ia + T cells and also very few T-blast forms. The W3/25-  
population was associated with enhancement of MST-1 in vivo and with moderate 
cytotoxicity for MST-1 in vitro. The W3/25-  population was a melange of cells that 
included (W3/13 +, W3/25-)  T cells (about 14% of this population), null cells, Ig + 
cells, and 1-3% macrophages. Suppressor cells were likely contained in the W3/25-  
population, as is suggested by the tumor enhancement in vivo and by the failure of 
small numbers of unfractionated cells (containing a mixture of 5-7 X 10 n W3/25 ÷ 
and 5-7 × 10 n W3/25-)  to eliminate tumor as shown in Fig. 6. However, this possible 
inhibitory effect would be overcome when higher numbers of unfractionated cells are 
used (Fig. 1). The phenotype of the suppressor element has not been identified. 
Suppressor T cells have been shown to operate in a model in vivo with established 
tumors (73). We also have not ascertained the cytotoxic cell contained in W3/25-  
population. The in vitro cytotoxicity results suggest that one of the cytotoxic cells is 
a W3/13 + T cell. A null cell with antibody to viral antigens might also be operative 
(E. Fernandez-Cruz and J. D. Feldman. Unpublished observations.). 

Our  observations in this in vivo tumor model suggest that successful elimination of 
an expanding tumor depends upon a balance of helper cell activity overriding 
suppressor cell activity with participation of the host to provide the cytotoxic elements. 
If there are insufficient helper cells or too many suppressor elements, there will be no 
participation by the host and no provision of cytotoxic cells. The manipulations and 
use of immune effector cells in this rat model are applicable to human neoplastic 
conditions. With methods available to grow T cell lines with specific reactivities (81, 
84-87), it is conceivable that a T lymphocyte subset could be  isolated from peripheral 
blood or draining lymph nodes of humans bearing tumors and could be cultivated in 
vitro into permanent cell lines. These T cell lines, selected by their specific anti-tumor 
reactivities, could be returned to the tumorous patient in any number of effector cells 
needed. 

S u m m a r y  

Established subcutaneous Moloney sarcomas (MST-1) of large size and long 
duration were eliminated from syngeneic rats by intravenous infusion of varying 
numbers of specific syngeneic effector T lymphocytes. Spleen cells from BN rats in 
which tumor had regressed were cultured in an in vitro mixed lymphocyte tumor cell 
culture (MLTC) to augment cytotoxieity of effector cells. In the MLTC: a T cell 
subset was expanded in response to MST-1 antigens and transformed into blast 
elements. With these changes, there was an increase in the W3/25 antigen on the T 
cell surface, a decrease of W3/13 antigen, and an increase in the number of T cells 



E. FERNANDEZ-CRUZ, B. A. WODA, AND J. D. FELDMAN 837 

with Ia  antigens.  T h e  subset associated with  e l imina t ion  of  es tabl ished tumors  was a 
blast  T celt W 3 / 2 5  ÷, W 3 / 1 3  +, as de tec ted  by  monoclona l  an t ibod ies  to rat  T ant igens.  
T h e  W 3 / 2 5  + subset was poor ly  cytotoxic  in vi t ro for MST-1  and  a p p a r e n t l y  func- 
t ioned in vivo as an ampl i f i e r  or helper  cell in the t umor -be a r i ng  host. T h e  W 3 / 2 5 -  
popu la t ion  was a melange  of  cells that  inc luded  (W3/13  +, W 3 / 2 5 - )  T cells, null  cells, 
Ig  + cells, and  macrophages ,  and  was associated with  enhancemen t  of  t u m o r  in vivo, 
suggest ing the presence of  suppressor  cells. 

The authors wish to acknowledge gratefully the excellent technical assistance of Mr. Wayne 
Geiger, Ms. Cindy Biazak, and the secretarial expertise of Ms. Gail McKee, Dr. David Sachs 
for kindly providing anti-Ia serum and Professor Jose Maria Segovia de Arana from Clinica 
Puerta de Hierro (Spain) for his support and useful discussions. 

Received for publicatwn 3 March 1980 and in revised form 14 May 1980. 

R e f e r e n c e s  

1. Fernandez-Cruz, E., B. Halliburton, and J. D. Feldman. 1979. In vivo elimination by 
specific effector cells of an established syngeneic rat Moloney virus-induced sarcoma. J. 
ImmunoL 123:1772. 

2. Williams, A. F., G. Galfre, and C. Milstein. 1977. Analysis of cell surfaces by xenogeneic 
myeloma-hybrid antibodies: differentiation antigens of rat lymphocytes. Cell. 12:663. 

3. Jones, J. M., F. Jensen, B. Veit, and J. D. Feldman. 1974. In vivo growth and antigenic 
properties of a rat sarcoma induced by Moloney sarcoma virus.J. NatL Cancer Inst. 59:1771. 

4. Balch, C. M., and J. D. Feldman. 1974. Thymus dependent (T) lymphocytes in the rat .J .  
ImmunoL 112:79. 

5. Sachs, D. H., G. W. Humphrey, and J. K. Lunney. 1977. Sharing of Ia antigens between 
species. I. Detection of Ia specificities shared by rats and mice. J. Exp. Med. 146:381. 

6. Woda, B. A., andJ .  D. Feldman. 1979. Density of surface immunoglobulin and capping on 
rat B lymphocytes. I. Changes with aging..]. Exp. Med. 149:.416. 

7. Woda, B. A., J. Yguerabide, and J. D. Feldman. 1979. Mobility and density ofAgB, "Ia," 
and Fc receptors on the surface of lymphocytes from young and old rats.J. IrnrnunoL 123: 
2161. 

8. Mage, M. G., L. L. McHugh, and T. L. Rothstein. 1977. Mouse lymphocytes with and 
without surface immunoglobulins: Preparative scale separation in polystyrene tissue culture 
dishes coated with specifically purified anti-immunoglobulin.J. Immunol. Methods. 15:47. 

9. i i t ch i son ,  N. A. 1955. Studies on the immunological response to foreign turnout transplants 
in the mouse. I. The role of lymph node cells in conferring immunity by adoptive transfer. 

J. Exp. med. 102:57. 
10. Balmer, R. H., M. B. Docherty, J. H. Grindley, and T. J. Litzow. 1962. The use of immune 

lymph in the treatment of mouse cancer. Minn. Med. 45:449. 
11. Delorm6, E. J., and P. Alexander. 1964. Treatment of primary fibrosarcoma in the rat with 

immune lymphocytes. Lancet. Ih117. 
12. Woodruff, M. F. A., and J. L. Boak. 1965. Inhibitory effect of preimmunized CBA spleen 

cells on transplants of A-strain mouse mammary carcinoma in (CBAXA) FI hybrid 
recipients. Br. J. Cancer. 19:411. 

13. Fisher, J. C., and W. G. Hammond. 1966. Inhibition of tumor growth by syngeneic spleen 
cell transfer. Surg. Forum. 18:102. 

14. Alexander, P., E. J. Delorm6, andJ .  C. Hall. 1966. The effect of lymphoid cells from lymph 
of specifically immunized sheep on growth of primary sarcomata in rats. Lancet. h1186. 

15. Alexander, P., D. I. Connel, and B. Mikulska. 1966. Treatment o fa  murine leukemia with 



838 ELIMINATION OF SARCOMAS BY A SUBSET OF T LYMPHOCYTES 

spleen cells or sera from allogeneic mice immunized against the tumor. Cancer Res. 26(Part 
1):1508. 

16. Rosenau, W., and D. L. Morton. 1966. Tumor-specific inhibition of growth of methylchol- 
anthrene-induced sarcomas in vivo and in vitro by sensitized isologous lymphoid cells. J. 
Natl. Cancer Inst. 36:825. 

17. Alexander, P. 1967. Immunotherapy of leukemia. The  use of different classes of immune 
lymphocytes. Cancer Res. 27:2521. 

18. Fefer, A., J. L. McCoy, and J. P. Glynn. 1967. Studies on the growth and regression of a 
transplantable Moloney sarcoma. Cancer Res. 27:2207. 

19. Fefer, A. 1969. Immunotherapy and chemotherapy of Moloney sarcoma virus-induced 
tumors in mice. Cancer Res. 29:2177. 

20. Glynn, J. P., B. L. Holpera, and A. Fefer. 1969. An immunochemotherapeutie system for 
the treatment of a transplanted Moloney virus-induced iymphoma in mice. Cancer Res. 29:. 
515. 

21. Mihich, E. 1969. Combined effects of chemotherapy and immunity against leukemia L1210 
in DBA/2 mice. Cancer Res. 29:.848. 

22. Wepsic, H. T., B. Zbar, and H. J. Rapp. 1970. Systemic transfer of tumor immunity. 
Delayed hypersensitivity and suppression of tumor growth. J. Natl. Cancer Inst. 44:955. 

23. Wepsic, H. T., B. S. Kronman, B. Zbar, T. Borsos, and H. J. Rapp. 1970. Prevention of 
tumor growth by intradermal immunization and by systemic transfer of tumor immunity. 

J. Natl. Cancer Inst. 45:377. 
24. Math6, G., L. Schwarzenberg, G. L. Amiel, P. Povillart, M. Schneider, and A. Cattan. 

1970. Experimental basis and clinical results of leukemia adoptive immunotherapy. Recent 
results. Cancer Res. 30:.76. 

25. Fefer, A. 1971. Adoptive chemoimmunotherapy of a Moloney lymphoma. Int. J. Cancer. 8: 
364. 

26. Vadlamudi, S., M. Padarathsingh, E. Bonmasser, and A. Goldin. 1971. Effect of combi- 
nation treatment with cyclophosphamide and isogeneic or allogeneic spleen and bone 
marrow cells in leukemic (L 1210) mice. Int.J. Cancer. 7:160. 

27. Rouse, B. T., H. Wagner, and A. W. Harris. 1972. In vivo activity of in vitro immunized 
lymphocytes. I. Tumor allograft rejection mediated by in vitro activated mouse lympho- 
cytes.J. Immunol. 108:1353. 

28. Borberg, H., H. F. Oettgen, K. Choudry, and E. J. Beathie, Jr. 1972. Inhibition of 
established transplants of chemically induced sarcomas in syngeneic mice by lymphocytes 
from immunized donors. Int. J. Cancer. 10:.539. 

29. Freedman, L. R., J. C. Cerottini, and K. T. Brunner. 1972. In vivo studies of the role of 
cytotoxic T cells in tumor allograft immunity.J .  ImmunoL 109:1371. 

30. Fass, L., and A. Fefer. 1972. Studies of adoptive chemoimmunotherapy of a Friend-virus- 
induced lymphoma and factors related to therapeutic efficacy in adoptive chemoimmu- 
notherapy of a Friend virus-induced iymphoma. Cancer Res. 32:997. 

31. Fefer, A. 1973. Treatment of a Moloney lymphoma with cyclophosphamide and H-2 
incompatible spleen cells. Cancer. Res. 33:641. 

32. Wagner, H., M. R•llinghoff, and G. J. V. Nossal. 1973. T-cell-mediated immune responses 
induced in vitro. A probe for ailograft and tumor immunity. Transplant. Rev. 17:3. 

33. Rouse, B. T., M. R~511inghoff, and N. L. Warner. 1973. Tumor immunity to murine plasma 
cell tumor. II. Essential role of T lymphoeytes in immune response. Eur. J. Immunol. 3:218. 

34. R~illinghoff, M., and H. Wagner. 1973. In vivo protection against murine plasma cell 
tumor growth by in vitro activated syngeneic lymphocytes. J. Natl. Cancer Inst. 5 h 1317. 

35. R611inghoff, M., and H. Wagner. 1973. In vitro induction of tumor specific immunity: 
requirements for T lymphocytes and tumor growth inhibition in vivo. Eur. J. Immunol. 3: 
471. 



E. FERNANDEZ-CRUZ, B. A. WODA, AND J. D. FELDMAN 839 

36. Zarling, J. M., and S. S. Tevethia. 1973. Transplantation immunity to Simian virus 40- 
transformed cells in tumor bearing mice. I. Development of cellular immunity to Simian 
virus 40 tumor specific transplantation antigens during tumorogenesis by transplanted 
cells.J. Natl. Cancer Inst. 50:.137; 149. 

37. Gorczynski, R. M., and C. Norbury. 1974. Immunity to murine sarcoma virus induced 
tumours. III. Analysis of the cell populations involved in protection from lethal tumor 
progression of sublethally irradiated, MSV inoculated mice. Br. J. Cancer. 30:.118. 

38. Gorczynski, R. M. 1974. Evidence for in vivo protection against murine sarcoma virus- 
induced tumors by T iymphocytes from immune animals.J. Immunol. 112:533. 

39. Dullens, H. F. J., and W. Den Otter. 1974. Therapy with allogeneic immune peritoneal 
cells. Cancer Res. 34"1726. 

40. Van Loveren, H., and W. Den Otter. 1974. In vitro activation of armed macrophages and 
the therapeutic applicat ion in mice. J. Natl. Cancer Inst. 52:1917. 

41. Tevethia, S. S., J. W. Blasecki, G. Waneck, and A. L. Goldstein. 1974. Requirement of 
thymus derived 0 positive lymphocytes for rejection of DNA virus (SV40) tumors in mice. 
J. Immunol. 113:1417. 

42. Tucker, D. F., G. Dennert, and E. S. Lennox. 1974. Thymus-derived lymphocytes as 
effectors of cell-mediated immunity by syngeneic and ailogeneic transplants in rats. J. 
Immunol. 113:1302. 

43. Howell, S. B., J. H. Dean, E. C. Esber, and L. W. Low. 1974. Cell interactions in adoptive 
immune rejection of syngeneic tumor. Int. J. Cancer. 14:662. 

44. Umiel, T., and N. Trainin. 1976. Immunological enhancement of tumor growth by 
syngeneic thymus derived lymphocytes. Transplantation (Baltimore). 18-'244. 

45. Small, M., and N. Trainin. 1975. Inhibition of syngeneic fibrosarcoma growth by lympho- 
eytes sensitized on tumor-cell monolayers in the presence of the thymic humoral factor. Int. 
J. Cancer. 15:962. 

46. Treves, A. J., I. R. Cohen, and M. Feldman. 1975. Immunotherapy of lethal metastases by 
lymphocytes sensitized against tumor cells in vitro.J. Natl. Cancer. Inst. 54:777. 

47. Blasecki, J. W., and S. S. Tevethia. 1975. Restoration of specific immunity against SV40 
tumor-specific transplantation antigen to lymphoid cells from tumor-bearing mice. Int. J. 
Cancer. 16:275. 

48. Cheever, M. A., R. A. Kempf, and A. Fefer. 1975. Tumor neutralization of a Friend 
leukemia with cells secondarily sensitized in vitro. J. Immunol. Methods. 2:714. 

49. Lukasewycz, O. A., D. Martinez, and W. HI Murphy. 1975. Immune mechanisms in 
leukemia: evaluation of immunocompetent cell populations. J. Immunol. 114:1491. 

50. Berenson, J. R., A. B. Einstein, and A. Fefer. 1975. Syngeneie adoptive immunotherapy 
and chemoimmunotherapy of a Friend leukemia: requirement for T cells. J. Immunol. 115: 
236. 

51. Bortin, M. M., W. L. Rose, R. L. Truitt, A. A. Rimm, E. C. Saltzstein, and G. E. Rodey. 
1975. Graft versus leukemia. VI. Adoptive immunotherapy in combination with chemo- 
radiotherapy for spontaneous leukemia-lymphoma in AKR mice. J. Natl. Cancer Inst. 55: 
1227. 

52. Lukazewycz, O. A., P. S. Duffey, and W. H. Murphy. 1976. Immune mechanisms in 
leukemia: protective capacity of the major lymphoid cell compartments. J. Immunol. 116: 
976. 

53. Bernstein, I. D., P. W. Wright, and E. Cohen. 1976. Generation of eytotoxic lymphocytes 
in vitro. Response of immune rat spleen cells to a syngeneic gross virus-induced lymphoma 
in mixed lymphocyte-tumor culture.J. Immunol. 116:1367. 

54. Glazer, M., D. H. Lavrin, and R. B. Herberman. 1976. In vivo protection against syngeneic 
Gross virus-induced lymphoma in rats: comparison with in vitro studies of cell-mediated 
immunity. J. Immunol. 116:1507. 



840 ELIMINATION OF SARCOMAS BY A SUBSET OF T LYMPItOCYTES 

55. Bruce, J., N. A. Mitchison, and G. R. Shellam. 1976. Studies on Gross-virus induced 
lymphoma in the rat. III. Optimisation, specificity and applications of the in vitro immune 
response, lnt. J. Cancer. 17:342. 

56. Takeichi, N., N. Kuzumaki, T. Kodama, H. Kobayaski, and C. W. Boone. 1976. Adoptive 
immunotherapy of a Gross-virus producing lymphoma and a methylcholanthrene-induced 
fibrosarcoma in tolerant rats. Cancer Res. 36:4039. 

57. Smith, H. G., R. P. Harmel, M. G. Hanna, Jr., B. S. Zwilling, B. S. Zbar, and H.J.  Rapp. 
1976. Regression of established intradermal tumors and lymph node metastases in guinea 
pigs after systemic transfer of immune lymphoid cells. J. Natl. Cancer lnst. 58:1315. 

58. Matter, A., and B. Askonas. 1976. Protection against murine ascites tumors by lymphoid 
cell populations with T memory or cytotoxicity. Transplantation (Baltimore). 22:184. 

59. Fefer, A., A. B. Einstein, and N. A. Cheever. 1976. Adoptive chemoimmunotherapy of 
cancer in animals: a review of results, principles and problems. Ann. N. Y. Acad. Sci. 277:492. 

60. Treves, A. J., I. R. Cohen, B. Schechter, and M. Feldman. 1976. In vivo effects of 
lymphocytes sensitized in vitro against tumor cells. Ann. N.Y. Acad. Sci. 276:165. 

61. Burton, R. C., and N. L. Warner. 1977. In vitro induction of tumor specific immunity. IV. 
Specific adoptive immunotherapy with cytotoxic T cells induced in vitro to plasmocytoma 
antigens. Cancer lmmunoL lmmunother. 2:91. 

62. Rosenberg, S. A., and W. D. Terry. 1977. Passive immunotherapy of cancer in animals and 
man. Adv. Cancer Res. 25:323-88; 347-65; 366-69. 

63. Levy, J. P., and J. C. Leclerc. 1977. The murine sarcoma virus-induced tumor: exception 
or general model in tumor immunology? Adv. Cancer Res. 24:2. 

64. Kedar, E., M. Schwartzbach, Z. Raanan, and S. Hefetz. 1977. In vitro induction of cell- 
mediated immunity to murine leukemia cells. II. Cytotoxic activity in vitro and tumor- 
neutralizing capacity in vivo of anti-leukemia cytotoxic lymphocytes generated in macro- 
cuhure.J. Immunol. Methods. 16:39. 

65. Bernstein, I. D. 1977. Passive transfer of systemic tumor immunity with cells generated in 
vitro by a secondary immune response to a syngeneic rat Gross virus induced lymphoma. 
J. Immunol. 118:122. 

66. Putman, D. L., P. D. Kind, A. Goldin, and M. Kende. 1978. Adoptive immunochemo- 
therapy of a transplantable AKR leukemia (K36). lnt. J. Cancer. 91:230. 

67. Cheever, M. A., P. D. Greenberg, and A. Fefer. 1978. Tumor neutralization, immunother- 
apy and chemoimmunotherapy of a Friend leukemia with cells secondarily sensitized in 
vitro. II. Comparison of cells cultured with and without tumor to non-cultured immune 
cells.J, lmmunol. 121:2220. 

68. Alaba, O., and I. Bernstein. 1978. Tumor-growth suppression in vivo: cooperation between 
immune lymphoid cells sensitized in vitro and nonimmune bone marrow cells.J, lmmunoL 
120:1961. 

69. Berendt, M. J., R. J. North, and D. P. Kirstein. 1978. The immunological basis of 
endotoxin-induced tumor regression. Requirement for T cell mediated immunity. J. Exp. 
Med. 148:1550. 

70. Schirrmacher, V. 1979. Tumor metastases and cell-mediated immunity in a model system 
in DBA/2 mice. V. Transfer of protective immunity with H-2 identical immune T cells 
from B 10.D2 mice. Int. J.  Cancer. 24:80. 

71. Ting, G. C., D. Rodrigues, and T. Igarashi. 1979. Studies of the mechanisms for the 
induction of in vivo tumor immunity. III. Recruitment of host helper cells by donor T cells 
in adoptive transfer of cell-mediated immunity.J. Immunol. 122:1510. 

72. LeClerc, J.-C., and H. Cantor. 1980. T-cell mediated immunity to oncornavirus-induced 
tumors. I. Ly phenotype of precursor and effector cytolytic T lymphocytes. II. Ability of 
different T-cell sets to prevent tumor growth in vivo.J. Immunol. 124:846. 



E. FERNANDEZ-CRUZ, B. A. WODA, AND J. D. FELDMAN 841 

73. Berendt, M. J., and R.J. North. 1980. T-cell-mediated suppression of anti-tumor immunity. 
An explanation for progressive growth of an immunogenic tumor.J. Exp. Med. 151:69. 

74. White, R. A. H., D. W. Mason, A. F. Williams, G. Galfre, and C. Milstein. 1978. T 
lymphocyte heterogeneity in the rat: Separation of functional subpopulations using a 
monoclonal antibody. J. Exp. Med. 148:664. 

75. Fu, S. M., N. Chiorazzi, C. Y. Wang, G. Montozeri, H. G. Kunkei, H. S. Ko, and A. B. 
Gottlieb. 1978. Ia-bearing T lymphocytes in man. Their identification and role in the 
generation of aliogeneic helper activity.J. Exp. Med. 148:1423. 

76. Swerkosz, J. E., P. Marrack, and J. W. Kappler. 1979. Functional analysis of T cells 
expressing Ia antigens. I. Demonstration of helper T-cell heterogeneity. 3'. Exp. Med. 150. 
1293. 

77. Lonai, P. 1975. Genetic control of the stimulation and effector function in allogeneic 
lymphocyte interaction: the expression of I region gene products on T and B lymphocytes. 
In Immune Recognition. A. J. Rosenthal, editor. Academic Press, Inc., New York. 683. 

78. Kasakura, S. 1979. Lymphocyte soluble-factor activated cell-mediated cytotoxicity. The 
role of Ia-like antigens in activation and cytolysis, and their relationship to Fc receptor. 3'. 
Immunol. 122:1166. 

79. Perry, L. L., M. E. Dorf, B. Benacerraf, and M. I. Greene. 1979. Regulation of immune 
response to tumor antigens: interference with syngeneic tumor immunity by anti-I-A- 
alloantisera. Proc. Natl. Acad. Sci. U. S. A. 76:920. 

80. Evans, R. L., T. J. Faldetta, R. E. Humphreys, P. M. Pratt, E. J. Yunis, and S. F. 
Schlossman. 1978. Peripheral human T cell sensitized in mixed leukocyte culture synthesize 
and express Ia-like antigens.]. Exp. Med. 148:1440. 

81. Gillis, S., P. E. Baker, F. W. Ruscetti, and K. A. Smith. 1978. Long-term culture of human 
antigen-specific cytotoxic T-cell lines.]. Exp. Med. 148:1093. 

82. Reinherz, E. L., P. C. Kung, J. M. Pesando, J. Ritz, G. Goldstein, and S. F. Schlossman. 
1979. Ia determinants on human T-cell subsets defined by monoclonal antibody. Activation 
stimuli required for expression..]. Exp. Med. 150.1472. 

83. Ko, H. S., S. M. Fu, R. J. Winchester, D. T. Y. Yu, and H. G. Kunkel. 1979. Ia 
determinants on stimulated human T lymphocytes. Occurrence on mitogen- and antigen- 
activated T cells.J. Exp. Med. 150.246. 

84. Gillis, S., and K. A. Smith. 1977. In vitro generation of tumor-specific cytotoxic lympho- 
cytes.J. Exp. Med. 146:468. 

85. Zarling, J. M., and F. H. Bach. 1979. Continuous culture o fT  cells cytotoxic for autologous 
human leukemia cells. Nature (Lond.). 280.685. 

86. Smith, K. A., S. Gillis, and P. E. Baker. 1979. The inhibition of in vivo tumor growth by 
cytotoxie T-cell lines. Proc. Am. Assoc. Cancer Res. 20.93. 

87. Schreier, M. H., N. N. Iscove, R. Tees, L. Aarden, and H. yon Boehmer. Clones of killer 
and helper T cells: Growth requirements, specificity and retention of function in long-term 
culture. Immunol. Rev. In press. 


