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Natu ra l  ce l l -media ted  cytotoxici ty  (NCMC)  has been defined as the ab i l i ty  of  
l y m p h o i d  cells derived from normal  donors to lyse a n u m b e r  of  t umor  target  cells in 
vitro (1, 2). In  mice, at least two dist inct  N C M C  effector systems have been identif ied:  
na tu ra l  kil ler (NK) (1, 2) and  na tu ra l  cytotoxic  (NC) cells (3). N K  cells were first 
descr ibed by  their  cytotoxic i ty  against  l ympho id  t u m o r  targets  (1, 2) and  subsequent ly  
shown to lyse solid tumors  as well (4). NC cells were descr ibed by  our  l abora to ry  and  
shown p r imar i ly  to lyse n o n l y m p h o i d  solid t umor  cell lines (3-5). N K  and  NC cells 
are act ive in the  absence of  known pr iming,  present in a thymic  nude  mice, of  a still 
undef ined  lineage, and  do not  have propert ies  of  convent ional  T cells, B cells, or 
macrophages  (1-7). However ,  N K  and  NC cells differ in s train d is t r ibut ion  of  ac t iv i ty  

and  expression o f  cell surface ant igens (1-8). N K  cell ac t iv i ty  is a u g m e n t e d  by 
interferon (IFN),  IFN- induc ing  agents  (9), and  the lymphokine  inter leukin 2 (IL-2) 
(10, 11). NC cell ac t iv i ty  is not augmen ted  by  IFN or IFN- induc ing  agents (4), and  
when a u g m e n t e d  lysis is detected against  a pa r t i cu la r  NC-suscept ib le  target ,  it is due 
to a super imposed  N K - a u g m e n t e d  componen t  (4). 

In the present  s tudy we show tha t  in vitro exposure to IL-2 augments  bo th  N K  and  
NC act ivi ty,  while ano ther  lymphok ine  or monokine,  in ter leukin 3 (IL-3) (12), 
augments  only NC activity.  Conversely,  and  inc luded for the sake of  compar ison,  the 
IFN- induce r  po ly- IC augments  N K  but  not NC cell activity.  We  also show here tha t  
the  IL-2 a u g m e n t e d  N K  and  NC cytotoxic activit ies are the function of  precursor  and  
effector cells wi th  different expression of  the Q a  5 marker ,  which is present  on 
spontaneous  and  augmen ted  N K  cells (13), but  not on NC cells (8). This  supports  our  
conten t ion  tha t  N C M C  is med ia t ed  by at least two dist inct  subpopula t ions  of  re la ted  
but  dist inct  effector cells. 

M a t e r i a l s  a n d  M e t h o d s  
Animals. All experiments were done with spleen cells from 6-8-wk-old C57BL/6J mice of 

both sexes, obtained from The Jackson Laboratory, Bar Harbor, ME. 
Target Cells and Cell Preparation Procedures. The YAC-1 lymphoma targets were obtained in 

1978 from the late Dr. G. Cudkowicz and kept in culture as described (8). The WEHI-164, a 
chemically induced fibrosarcoma of BALB/c origin that is an exclusive NC target (14, see also 
ref. 4) was obtained from Dr. R. C. Burton when at the Massachusetts General Hospital, 
Boston, MA, and kept in culture as described (4). Spleen cell suspensions for the assays were 
prepared as before (3). 

Assay Systems. NK activity was tested against YAC:-I and NC activity was tested against 
WEHI 164 targets, using a standard 18-h SlCr release assay, as described (4). 
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TABLE I 

Augmentation and Mediation of NC and NK Cell Activity 

Percent cytotoxicity~: 

Group Target Effectors* Control~ Anti-Qa-5 + C§ 

100:1 50:1 100:1 50:1 

1 YAC- 1 Fresh NK 37 26 0 0 
24 h 0 0 0 0 
Poly-IC 34][ 32[f 1 4 

2 YAC- 1 Fresh NK 23 17 8 6 
24 h 9 7 4 4 
IL-2 4211 38J] 9 4 
IL-3 12 7 4 5 

3 WEHI-164 Fresh NC 24 18 ND¶ ND 
24 h 23 17 ND ND 
Poly-IC 32 16 ND ND 

4 WEHI- 164 Fresh NC 52 35 47 31 
24 h 37 29 47 33 
IL-2 7411 5311 7011 4811 
IL-3 6211 5611 6511 5511 

* C57BL/6J spleen cells either fresh or cultured as indicated alone for 24 h or with poly-IC 
at 25 #g/ml (poly-IC), IL-2 (at 20 U/ml), or IL-3 (at 20 EDS0/rnl) for 24 h (see Materials 
and Methods for further details) were tested for NK and NC activity in 18 h SlCr-release 
assays against YAC-1 (an NK-susceptible target) and WEHI-164 (an NC-susceptible 
target, resistant to NK lysis; see ref. 4 and 14). For further details on assays, see Materials 
and Methods. 

~: Percent cytotoxicity calculated as in Material and Methods. 
§ These cells were tested in the NK-NC assay against YAC-1 or WEHI-164 targets after in 

vitro treatment with anti-Qa5 monoclonal and C (see Materials and Methods for details). 
§ Significant differences, P < 0.05 from the 24 h control. 
¶ Not done. 

Preincubations of Effector Cells. Spleen cells were p re incuba ted  for 24 h in the same med ium 
as used for the assays (4), e i ther  alone ( indicated in Table  I as "24 h") or in the presence of 25 
/~g/ml of poly-IC (4) or 20 U / m l  of IL-2 or IL-3 (20 ED50/ml )  at cell concentra t ions  of 5 × 
10e/ml. The  IL-2 was semi-purified from Con-A-st imulated rat  spleen cell cultures, wi th  the 
mitogen removed by a m m o n i u m  sulfate precipi ta t ion and  Sephadex G-100 chromatography  
(15). T he  units  defined as in refs. 15 and  16. The  IL-3 was provided by D r . J . N .  Ihle, Frederick 
Cancer  Center,  Frederick, MD,  and  purified to homogenei ty  from WEHI-3  superna tan ts  (12). 
IL-3 was received at a concent ra t ion  of 103 E D 5 0 / m l  in saline and  fur ther  di luted in the 
m e d i u m  described above. For definit ion of  IL-3 units  see ref. 12. The  IL-2 prepara t ion  used in 
these experiments  had  no IL-3 activity as measured by its abil i ty to support  the proliferation of  
an  IL-3-dependent  cell line 32D cl 5, ob ta ined  from Dr. J.  S. Greenherger,  Sidney Farber  
Cancer  Center,  Boston, MA,  using a procedure developed in our laboratory (R. A. Miller  and  
O. S tu tman ,  manuscr ip t  in preparat ion) .  Similarly, the IL-3 prepara t ion  had  no detectable  IL- 
2 activity when  measured in a similar fashion, using an  IL-2-dependent  T cell line (15, 16). 

Treatment of Cells with Anti-Qa5. T h e  monoclonal  an t ibody  ant i -Qa5 was ob ta ined  from Dr. 
U. H a m m e r l i n g  of Memor ia l  Sloan-Ket ter ing Cancer  Center  and  used for mass lysis of  cells 
(4). T he  effector cells were ei ther  t reated with ant i -Qa-5 and  C as fresh cells or after the 24 h 
preincubat ions ,  as described in Tables  I and  II. 

R e s u l t s  

T a b l e  I shows  t h e  effects  o f  IL-2 ,  IL-3 ,  a n d  p o l y - I C  o n  s p l e e n  N K  a n d  N C  ac t iv i ty .  

G r o u p s  1 a n d  2 s h o w  t h a t  N K  cell  a c t i v i t y ,  m e a s u r e d  as lysis o f  t h e  l y m p h o m a  

Y A C - I  in  a n  18-h 51Cr re lease  assay,  was  s i g n i f i c a n t l y  a u g m e n t e d  b y  p r e i n c u b a t i o n  

o f  t h e  cells  w i t h  p o l y - I C  o r  IL -2  for  24 h,  w h e n  c o m p a r e d  w i t h  cells i n c u b a t e d  a l o n e  
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TABLE II 
Pretreatment of Spleen Cells with Anti-Qa5 and C Removes the Poly-IC and 
IL-2 Augmentable ArK Precursor While Not Affecting the [L-2 and [L-3- 

responsive NC Precursor Population 

Group Target Effector* 
Percent cytotoxicity:~ 

100:1 50:l 25:1 

1 YAC- 1 

2 YAC- 1 

3 WEHI- 164 

Fresh NK 23 17 ND§ 
24 h 9 7 ND 
IL-2 4211 3811 ND 
Pre-Qa-5 + C 6 4 ND 
Pre-Qa-5 + IL-2 6 4 ND 
Fresh NK ND 10 8 
24h ND 0 0 
Poly-IC ND 2411 19[[ 
Pre-Qa-5 + C ND 0 0 
Pre-Qa-5 + poly-IC ND 1 0 
Fresh NC 52 35 ND 
24 h 37 30 ND 
IL-2 741[ 53t] ND 
m-3 621[ 5611 ND 
Pre-Qa-5 + C 43 30 ND 
Pre-Qa-5 + IL-2 6ill 4711 ND 
Pre-Qa-5 + IN-3 56[I 4411 ND 

* C57BI/6J spleen cells fresh, or cultured as indicated were used as effectors 
for the assays (fresh, cultured alone for 24 h, (denoted 24 h), cultured with 
poly-IC (poly-IC), IL-2 (IL-2) or IL-3 (tL-3) for 24 h, and spleen cells 
pretreated with anti-Qa-5 + C cultured alone (Pre-Qa-5 + C) or with the 
agents described above). 

:~ All studies were done using 18-h 51Cr assays. For description of the assay and 
effector cells see Materials and Methods. 

§ Not done. 
I[ P < 0.05 significantly different from control (24 h or pre-Qa-5 + C), 

for 24 h (which showed the  charac ter i s t ic  loss of  N K  activi ty)  ( l ,  2, 5), a n d  c o m p a r a b l e  
to the  va lues  observed wi th  fresh N K  cells. Li t t le  if  any  effect o f  IL-3 on  N K  cell 
ac t iv i ty  was n o t ed  (group 2, T a b l e  I). T a b l e  I also shows tha t  the a u g m e n t e d  lysis o f  
the  Y A C  targe t  by  the  N K  cells t rea ted  wi th  po ly- IC or IL-2 is the  func t i on  of  a Qa-  
5 + effector cell, as is the  case for fresh N K  cells (8, 13). 

W h e n  s imi la r ly  p re t r ea t ed  spleen cells were assayed for the i r  capac i ty  to lyse the  
NC-sensi t ive ,  NK-res i s t an t  f ib rosarcoma W E H I - 1 6 4  in  a n  18-h ~ C r  release assay 
(groups 3 a n d  4 in  T a b l e  I), a different  p a t t e r n  of act ivi t ies was noted.  Po ly- IC  failed 
to i n d u c e  a n y  increase  in N C  cell ac t iv i ty  (4), whereas  b o t h  IL-2 a n d  IL-3 t r e a t m e n t  
lead to a s igni f icant  a u g m e n t a t i o n  of  lysis of the NC-suscep t ib le  target  (group 4 in  
T a b l e  I). T h e  a u g m e n t e d  ac t iv i ty  after  IL-2 or IL-3 t r e a t m e n t  was cons is ten t ly  above  
the  values  observed wi th  e i ther  spleen cells i n c u b a t e d  a lone  for 24 h or fresh spleen 
N C  cells. G r o u p s  3 a n d  4 in T a b l e  I also show tha t  the  ac t iv i ty  of  fresh N C  cells is 
c o m p a r a b l e  to tha t  of  cells i n c u b a t e d  a lone  for 24 h, a s tabi l i ty  in cu l tu re  (3, 5, 18) 
t ha t  contras ts  wi th  the  labi le  N K  cells (1, 2, 5, 18). As also shown in  groups  3 a n d  4 
in  T a b l e  I a n d  in  cont ras t  wi th  the N K  cell f indings ,  the  effector cells responsib le  for 
the  a u g m e n t e d  lysis of  the  W E H I - 1 6 4  target  i n d u c e d  by  b o t h  IL-2 a n d  IL-3 were 

Q a - 5 - ,  as was the  case for fresh sp leen  N C  cells (8). Th i s  type  of  result  wi th  N K  a n d  
N C  cells was observed in  each of  five exper iments .  In  s u m m a r y ,  N K  act ivi ty,  b o t h  
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spontaneous and augmented (by poly-IC and IL-2) was mediated by a Qa-5 + effector, 
whereas the spontaneous or augmented (by IL-2 or IL-3) NC activity was the function 
of a Qa-5-  effector cell. 

Table  II  shows that the difference in Qa-5 surface phenotype between the N K  and 
NC effector cells is also observed at the level of  the augmentable precursor cells. 
Pretreatment of the spleen cells with anti-Qa 5 and C before the culture with poly-IC 
or IL-2 completely abrogated the augmentation of N K  cell activity (groups 1 and 2 
in Table  II); thus, the augmentable N K  precursor is Qa-5 +, as observed in studies 
using IFN (17). Conversely, group 3 in Table II shows that pretreatment of the spleen 
cells with anti-Qa-5 + C had no effect on the augmentation of NC cell activity by IL- 
2 and IL-3; thus, the augmentable NC precursor is Qa-5-,  as is the case for the 
spontaneous and augmented NC effector (8) (Table I). 

Discussion 

The results presented here add two more properties to support our views on the 
heterogeneity of effector cells mediating NCMC (3). They show that although a factor 
such as IL-2 can augment both N K  and NC activities, it does so by acting on distinct 
cell populations (Qa-5 + vs. Qa-5-). Our  results also show that the cytotoxic activity 
of N K  and NC cells are affected by different factors, with poly-IC (and IFN) (4, 9, 17) 
augmenting N K  but not NC activity, and IL-3 (12) augmenting NC but not N K  
activity. 

Although we (3-8, 18) and others (14, 17, 19) have described a variety of properties 
of the NC system, we have been unable to ascribe the NC cell to a particular lineage. 
A similar problem remains with the N K  cell (1, 2, 20). Although we have been unable 
to identify any NC-associated cell surface markers, we do know that NC cells lack T, 
B, NK, and macrophage-associated antigens (5, 8, 18). It is tempting to speculate 
from the present findings that since both IL-2 and IL-3 are soluble factors associated 
with some stages of T cell differentiation or function (12, 21), and both factors 
augment NC cell activity, NC cells may be related in some way to the T lineage. 
Without further evidence, however, this remains only a speculative proposition at 
present. 

In general, IL-2 induces responses that have been associated with Thy-1 + popula- 
tions, both in T (21) and N K  studies (17). Our  demonstration that IL-2 also augments 
the activity of NC cells, which are Thy- 1- (5, I8), raises several possible interpretations: 
(a) IL-2 may possess a broader range of activities than thus far described, as seems the 
case for other hemopoietic growth factors (22) 7 (h) The activity that we have ascribed 
to augmented NC cells may be due to a Thy-1 + Qa-5-  population of the anomalous 
killer (AK) type (23). The  fact that the IL-2 augmentable and effector cell in our 
system are both Q a-5- would eliminate the possibility of it being a cell of  the NKT 
type described by Minato et al. (17). (c) the IL-2 preparation used has other factors 
besides IL-2. Our  previous studies, as well as those described in this report, would 
suggest the first interpretation, although the third interpretation cannot be completely 
excluded. We have previously reported that removal of Thy-1 + cells from spleen or 
marrow had no effect on NC cell activity (5, 18), and pretreatment of spleen cells 
with monoclonal anti-Thy-1 or anti-Lyt-2 and C does not affect the augmentation of 
NC activity by IL-2 (our unpublished results). Furthermore, as shown in Tables I and 
II, IL-2 treated Q a-5- cells show augmented lysis only of the NC target, while failing 
to lyse the YAC-1 line. It is doubtful that an AK-like cell would show such NC target 



1074 LATTIME ET AL. BRIEF DEFINITIVE REPORT 

preference (23). The  possibility that factors other than IL-2 might  be present in the 
IL-2 used cannot  be ruled out. However,  since as described above, the IL-2 preparat ion 
used did not contain any IL-3 activity, we may conclude that  the augmented  NC cell 
activity is probably  a function of  the IL-2 in our preparation. 

In addit ion to the apparent  capacity to augment  NC cell activity, IL-3 has been 
shown to have at least two effects: it can induce the expression of  the T cell-associated 
enzyme 20-alpha-hydroxysteroid dehydrogenase,  probably related to some early stages 
of  thymocyte  and T cell development (12) and can promote the growth of  IL-3- 
dependent  cell lines with either a T-like or a "mast  cell"-like phenotype (12). A 
comparison between NC cells and some of  the IL-3-responsive populations or IL-3- 

dependent  cell lines shows some similarities, i.e., tissue distribution and lack of  some 
surface markers (3, 5, 8, 12), but  they are far from conclusive, al though they suggest 
that  NC cells and other IL-3-responsive populations may be related, especially since 
some of  the IL-3 dependent  cell lines (12) appear  to have NC-like cytotoxicity (24). 

Three  conclusions regarding heterogeneity of  N C M C  effector cells can be derived 
from the present studies. First, the demonstrat ion that NC and N K  cells differ in their 
regulation strengthens our conclusions that the two activities are functions of  distinct, 
a l though perhaps related, cellular populations. Second, the demonstrat ion that  a 
second N C M C  effector system, distinct from NK, and lacking T cell markers, is 
regulated by IL-2 tentatively suggests that  the lymphokine may have a broader  range 
of  activities than previously described (an alternative view being that both NC and 
N K  systems are affected by IL-2 because they are somewhat related to the T lineage). 
Third,  the augmenta t ion  of  NC cell activity by IL-3 suggests that  NC cells may 
belong to the group of  IL-3 dependent  cells (12), a l though it is still not clear from this 
fact whether  they belong to any of  the particular cell lineages that are affected by 
IL-3. 

S u m m a r y  

Murine  natural  killer (NK) and natural  cytotoxic (NC) cells showed different 
patterns of  augmenta t ion  of  lytic activity after preincubation for 24 h with either 
poly-IC, interleukin 2 (IL-2), or interleukin 3 (IL-3): (a) Poly-IC augmented  only N K  
ceils, with no effect on NC activity, as we have previously observed (4); (b) IL-2 
augmented  both  N K  and NC activity; and (c) IL-3 augmented  only NC lysis, without 
affecting N K  activity. In addition, both precursor and the augmented  effector ceils 
showed differences in expression of  the Qa-5 surface marker: N K  precursors and 
effectors are Qa  5 +, whereas NC precursors and effector cells are Qa-5- ,  
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