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Snmmary. This paper describes the initial immunochemi- 
cal characterization of specific macrophage-arming factor 
(SMAF). SMAF is an antigen-specific factor that is re- 
leased by (sensitized) T lymphocytes after contact with the 
specific antigen. It renders macrophages specifically cyto- 
toxic. The specificity is dependent on the tumor-mouse 
combination. In allogeneic systems the specificity is 
H-2-directed, whereas in the syngeneic systems the speci- 
ficity is tumor-specific. SMAF has a molecular mass of 
65-85 kDa (established by gel filtration). By affinity chro- 
matography SMAF could not be adsorbed with anti-(n + L 
light chain) immunoglobulins or anti-IgG from SMAF- 
containing supernatants. SMAF could be adsorbed with 
the monoclonal antibody 14-30 (directed against specific 
T-cell factors), and could be eluted from columns contain- 
ing the latter. Furthermore, SMAF could also be adsorbed 
with and eluted from affinity chromatography columns to 
which specific tumor cell membranes or KC1 extracts of 
these tumor cell membranes were coupled. Other tumor 
cell membranes could not adsorb SMAF. Together these 
data show that SMAF is not an antibody but a T-cell fac- 
tor with an antigen-specific recognition site. 

Introduction 

Specific macrophage-arming factor (SMAF) was described 
in 1971 by Evans and Alexander [13] as a specific T-cell 
factor. Since then the factor has been described in murine 
allogeneic and syngeneic tumor systems by several authors 
[3, 7, 15, 16, 19]. We have described how, in both alloge- 
neic and syngeneic tumor systems, SMAF is produced by 
T cells [5, 10, 20, 21]. 

SMAF itself has never been biochemically or immuno- 
chemically characterized. We have recently shown that 
SMAF is closely related to or identical with another spe- 
cific T-cell factor [24, 27]. This T-cell factor is required for 
the initiation of delayed-type hypersensitivity against con- 
tact sensitizers [1, 25] and tumor cells [18, 25, 26]. It has 
been suggested that the specificity of armed macrophages 
in vitro is due to small concentrations of specific antibod- 
ies together with the non-specific macrophage-activating 
factor (MAr), which rendered the macrophages cytotoxic 
[17]. The specific T-cell factor SMAF and the lymphokine 
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MAF are, however, different factors, as we have described 
recently [2]. 

In addition, we have shown that the specificity was not 
due to adhering cytotoxic T-cells, as treatment of the 
armed macrophage monolayers with anti-Thyl serum and 
complement did not reduce the cytotoxicity [5, 20, 21]. A1- 
though SMAF, in both syngeneic and allogeneic murine 
tumor systems, was produced by T cells and not by B cells 
[5-7, 10, 20, 21], the suggestion that the cytotoxicity was 
due to a combination of antibodies and MAF can only be 
excluded by an immunochemical characterization of 
SMAF. 

Materials and methods 

Mice 

DBA/2, AKR, BALB/c and CBA mice, 6 -9  weeks old, 
were obtained from the Centraal Proefdierenbedrijf, TNO, 
Zeist, The Netherlands; C57BL/10 mice were obtained 
from Bomholtgärd, Denmark. 

Tumor cells 

SL2 (DBA/2,  H-2d), L5178Y (DBA/2, H-2d), EL4 
(C57BL, H-2b), TLX-9 (C57BL, H-2b), AKSL2 (AKR, 
H-2 k) lymphosarcoma, and MPC11 (BALB/c, H-2 d) plas- 
macytoma were maintained by weekly passage in the peri- 
toneal cavity of syngeneic mice. Tumor cells were har- 
vested 7-10 days after intraperitoneal (i.p.) transplanta- 
tion, washed in medium and suspended at a concentration 
of (1.5-2)× 105 cells/ml. Tumor cells were cultured 24 h 
before use in cytotoxicity experiments. All cultures were 
performed in Fischer's medium (Flow Lab) supplemented 
with 10% fetal bovine serum (Flow Lab). This medium is 
referred to as growth medium. 

Macrophage cultures 

Peritoneal cells were collected from the peritoneal cavity 
of non-stimulated mice. Macrophage monolayers were 
prepared as described previously [5, 12]. Adhering macro- 
phages formed a confluent monolayer. 

Immunizations 

Allogeneic immunization. C57BL (H-2b), DBA/2 (H-2 d) or 
CBA (H-2 k) mice were injected subcutaneously (s.c.) at 
two sites on the chest with 10 7 allogeneic tumor cells in 
0.1 ml phosphate-buffered saline (PBS). Seven days after 
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immunization the draining peripheral lymph nodes were 
collected, and lymphocyte suspensions were prepared as 
described previously [5]. 

Syngeneic immunization. DBA/2 mice were injected i.p. at 
days 0 and 10 with 10  7 irradiated syngeneic tumor cells 
and at day 20 with a dose of 5 x 10  6 non-irradiated tumor 
cells. At day 27 the peritoneal lymphocytes were collected 
and used for SMAF production, as described previously 
[5, 101. 

Production of specific macrophage-arming factor (SMAF) 
and detection of SMAF 

Sensitized lymphocytes (2 x 106/ml) were incubated with 
the sensitizing tumor cells (2 x 105/ml) in a v /v  ratio of 
2/1 in growth medium containing 0.05 mM 2-mercap- 
toethanol. After incubation for 24 h the culture superna- 
tant was collected, and stored at - 20 ° C or tested directly. 
To obtain control supernatants, sensitized lymphocytes 
were replaced by normal lymphocytes. 

To determine SMAF activity in supernatants or in pu- 
rified fractions (supplemented with 10% fetal bovine se- 
rum), macrophage monolayers were incubated for 4 h with 
0.3 ml sample. After incubation the macrophage mono- 
layers were washed and incubated with tumor cells (0.3ml 
1.5 x 105 cells/ml) to determine the cytotoxicity (effector 
cell:target cell ratio 10: 1). Unless stated otherwise, SMAF 
is measured with macrophages syngeneic to the SMAF- 
producing lymphocytes [5]. Cytotoxicity was assessed as 
described previously [5, 9, 12]. 

Purification of SMAF 

Gelfiltration. SMAF-containing and control supernatants 
(7 ml) were fractionated on a column (70 x 1.8 cm) packed 
with AcA44 Ultrogel (LKB, Sweden) and eluted with PBS. 

Affinity chromatography with antisera 

Antisera or monoclonal antibodies were coupled to CNBr- 
activated Sepharose 4B (Pharmacia) according to the 
manufacturer's instructions. Antibodies used were: rabbit 
anti-(~/)~ light chain) antibodies (Nordic, The Nether- 
lands), rabbit anti-IgG (Cedarline, USA) or the monoclo- 
nal antibody 14-30 (directed against antigen-specific 
T-cell factor, a kind gift of Dr. M. Iverson, Yale Univer- 
sity, New Haven, Conn [14]). The SMAF-containing super- 
natants were incubated on the affinity chromatography 
columns for 1 h at 4 ° C. The unbound proteins were 
washed off with PBS (pass) and the column was washed 
with three column volumes of PBS. Subsequently, the 
bound fraction was eluted with 0.1 M Na2CO3 (pH 10.2; 
eluate). The eluate was dialysed against PBS before testing 
in the bioassays. 

Tumor cell membranes and 3 M KC1 extracts 

Tumor cells (freshly harvested from tumor-bearing mice) 
were washed with PBS. The cell membranes were obtained 
by repeated (3 × ) freezing and thawing of the cells in a hy- 
potonic Tris/HC1 (10 mM, pH 7.7) buffer. The suspension 
was centrifuged (15 min, 1500 g, 4 ° C) and the pellet resus- 
pended in DNase buffer (0.1 M acetate buffer, pH 5.0, 
25 mM MgSO4). To 1 ml containing the membranes of 108 
tumor cells, 0.01 mg DNase I (Sigma, USA) was added. 

After 1 h incubation at 37 ° C the membranes were washed 
twice with coupling buffer (0.1 M NaHCO3, 0.5 M NaC1, 
pH 8.3). These membranes were either coupled directly to 
CNBr-activated Sepharose (6MB or 4B; Pharmacia) or 
used for the preparations of 3 M KC1 extracts. In the latter 
case the membranes (of 3 x 108 cells) were resuspended in 
1 ml 3 M KC1 and incubated overnight at 4 ° C. The ex- 
tract was pelleted and the protein-containing supernatant 
was dialysed against coupling buffer. These proteins were 
coupled to CNBr-activated Sepharose 4B. 

Affinity chromatography with tumor cell membranes 

Membranes or membrane proteins were coupled to CNBr- 
activated Sepharose 6MB or 4B beads according to the 
manufacturer's instructions (Pharmacia). Columns packed 
with 5 ml swollen beads were used to fractionate 5 ml su- 
pernatant. To isolate larger amounts of SMAF-containing 
supernatant by affinity chromatography on tumor cell 
membranes, 20 ml swollen beads were used to adsorb 
SMAF from 150ml supernatant. Beads were incubated 
with the supernatant for 3 - 4  h at 4 ° C under constant rota- 
tion. Columns were washed with three volumes PBS before 
elution. Adsorbed material was eluted from columns by 
guanidine-HC1 (4 M, pH 7.0) or glycine-HC1 (0.1 M, pH 
2.4). The eluted fractions were dialysed against PBS before 
measuring their activity. The protein content of eluted 
fractions was determined by the method of Peterson [22]. 

Polyacrylamide gel electrophoresis 

Proteins were sepärated using SDS/polyacrylamide gel 
electrophoresis (SDS-PAGE; 7.5% acrylamide) under non- 
reducing conditions. To visualize proteins, gels were sil- 
ver-stained. 

Results 

Specificity of SMAF production and SMAF-armed 
macrophage cytotoxicity 

SMAF production in the allogeneic system is triggered in 
vitro only when the sensitized lymphocytes are incubated 
with (tumor) cells bearing the same H-2 antigens as the 
tumor cells used for immunization. In syngeneic systems 
only the tumor cells used for immunization can trigger the 
sensitized lymphocytes for SMAF production (Table 1). 
The specificity of the macrophage cytotoxicity showed an 
antigen specificity similar to that of the SMAF-producing 
lymphocytes (compare Tables 1 and 2). 

Immunochemical characterization 

SMAF-containing supernatants from the allogeneic 
murine tumor systems C57BL (H-2 b) mice versus SL2 
(H-2 ä) tumor cells, DBA/2 (H-2 d) mice versus EL4 (H-2 b) 
tumor cells and CBA (H-2 k) mice versus SL2 cells and 
from the syngeneic DBA/2 (H-2 d) versus SL2 (H-2 d) tumor 
cells were analyse& As the most extensive immunochemi- 
cal characterization was performed in the C57BL versus 
SL2 system, this characterization is described in detail. 

SMAF produced by SL2-sensitized C57BL lymphocytes 

Gel filtration of SMAF-containing supernatant. C57BL-SL2 
SMAF-containing and control supernatants were fraction- 
ated on AcA44 Ultrogel. No difference in elution profile 
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Mouse tumor system a Cytotoxicity index 

Triggering target cell 

Mouse H-2 Tumor H-2 SL2 L5178Y MPC11 EL4 TLX-9 AKSL2 
strain type injected type H-2d H-2d H-2d H-2b H-2b H-2k 

Allogeneic SMAF systems b 
C57BL b SL2 d 40+6  36+9  29_+3 2 + 4  0+1 6-+6 
DBA/2 d EL4 b 3 --+- 5 NT NT 51 _+ 6 NT NT 
BALB/c  d EL4 b 5 -+ 2 NT NT 48 _+ 6 NT NT 

Syngeneic SMAF systems c 
DBA/2 d SL2 d 45+5  15_+6 14-+7 12+5 NT 20-+5 
BALB/c  d M P C l l  d 12+4 NT 45+6  12+5 NT NT 

a Mice of various strains (H-2 background) were immunized with allogeneic or syngeneic tumor cells (tumor-injected). Seven days after 
the last immunizing tumor injection (see Materials and methods) lymphocytes were harvested and used for SMAF production. The lym- 
phocytes were triggered in vitro for SMAF production, with various tumor cells of different H-2 background. Macrophages (syngeneic to 
the SMAF-producing lymphocytes) were incubated for 4 h with the SMAF-containing supernatant for arming. The cytotoxicity of these 
armed macrophages was tested against the same tumor cell as used for immunization 
b SMAF-producing lymphocytes were obtained from the draining lymph nodes 6 - 7  days after subcutaneous injection of allogeneic tu- 
mor cells; mean_+ SEM of three experiments in DBA/2 and BALB/c  and five experiments in C57BL mice. Experiments were performed 
in triplicate 
c SMAF-producing lymphocytes were obtained from the peritoneal cavity. Mice were immunized with irradiated tumor cells at days 0 
and 10 intraperitoneally. At day 20 mice were challenged with non-irradiated tumor cells, and 7 days later the lymphocytes were harvest- 
ed [10]; mean_+ SEM of three experiments performed in triplicate 

Table 2. Specificity of the macrophage cytotoxicity of SMAF-armed macrophages 

Mouse tumor system a Cytotoxicity index 

Target cell 

Mouse H-2 Tumor H-2 SL2 L5178Y MPC1 l EL4 TLX-9 AKSL2 
strain type injected type H-2d H-2d H-2 ~ H-2b H-2b H-2k 

Allogeneic SMAF systems b 

C57BL b SL2 d 48+6  45+7  40+6  18+4 20+7 22+9  
DBA/2 d EL4 b 13 + 5 NT NT 54_+ 9 NT NT 
BALB/c  d EL4 b 10_+4 NT 11_+5 48_+8 NT NT 

Syngeneic SMAF systems c 

DBA/2 d SL2 d 45_+5 19_+9 17+7 16_+7 NT NT 
BALB/c  d M P C l l  d 12+6 NT 45+6  19+9 NT NT 

a Mice of various strains (H-2 background) were immunized with allogeneic or syngeneic tumor cells (tumor-injected). Seven days after 
the last immunizing tumor injection (see Materials and methods) lymphocytes were harvested and used for SMAF production. The lym- 
phocytes were triggered in vitro for SMAF production, with the same tumor cell as used for immunization. Macrophages (syngeneic to 
the SMAF-producing lymphocytes) were incubated for 4 h with the SMAF-containing supernatant for arming. The cytotoxicity of these 
armed macrophages was tested against various tumor target cells of different H-2 background 
b SMAF-producing lymphocytes were obtained from the draining lymph nodes 6 - 7  days after subcutaneous injection of allogeneic tu- 
mor cells; mean + SEM of two experiments in DBA/2 and BALB/c  mice and six experiments in C57BL mice. Experiments were per- 
formed in triplicate 
c SMAF-producing lymphocytes were obtained from the peritoneal cavity. Mice were immunized with irradiated tumor cells at days 0 
and 10 intraperitoneally. At day 20 mice were challenged with non-irradiated tumor cells, and 7 days later the lymphocytes were harvest- 
ed [10]; m e a n _  SEM of two experiments performed in triplicate 

o f  S M A F  and  cont ro l  supe rna tan t  was observed.  S M A F  
act ivi ty  was r e c o v e r e d  in the f rac t ions  be tween  the 
g lobu l in  and  a l b u m i n  peak  (Fig. 1). A c c o r d i n g  to the 
e lu t ion  p rof i l e  the m o l e c u l a r  mass  o f  S M A F  is be tween  
65 k D a  and  85 kDa .  The  cy to toxic i ty  i nduced  by all f rac t ions  
f rom con t ro l  supe rna t an t  a lways had  a cy to toxic i ty  index  
< 10 [12]. 

Affinity chromatography of SMAF-containing supernatant 
on tumor cell membranes 

S M A F - c o n t a i n i n g  superna tan t  was passed th rough  a 
C N B r - a c t i v a t e d  Sepha rose  co lumn,  to which  t umor  cell 
m e m b r a n e s  or  K C I  extracts  o f  t u m o r  cell m e m b r a n e s  were  
coupled .  S M A F  was adso rbed  f rom the supe rna tan t  by 
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Fig. 1. SMAF activity in gel-filtration fractions of C57BL-SL2 
SMAF-containing supernatant. C57BL-SL2 SMAF-containing su- 
pernatant (7 tal) was fractionated on AcA44 Ultrogel. Absorbance 
(Aas0) of the elution fractions is given. To determine the molecular 
mass on the AcA44 column, the elution points of dextran blue 
(DB, 200 kDa), bovine serum albumin (BSA, 67.5 kDa), oval- 
bumin (OA, 44 kDa) and carbonic anhydrase (CA, 29.5 kDa) were 
used as markers. Elution fractions (in phosphate-buffered saline, 
PBS) were collected and pooled (as indicated) and, after addition 
of 10% fetal bovine serum, were tested for their SMAF activity 
(expressed as cytotoxicity index CI). Mean + SEM of three ex- 
periments is given. The fractions have been tested in triplicate 
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Fig. 2. Affinity chromatography with tumor cell antigens of 
C57BL-SL2 SMAF-containing supernatant. SL2 or EL4 tumor 
cell membranes or KCI extracts of these membranes were coupled 
to CNBr-activated Sepharose 6 MB or 4B. C57BL-SL2 SMAF- 
containing supernatant (5 ml) was incubated with 5 ml swollen 
Sepharose beads for 3-4 h at 4°C under constant rotation. The 
effluent was collected and the column was washed with two col- 
umn volumes of PBS. Subsequently the column was eluted with 
guanidine-HCl (4 M, pH 7.0). The effluent was tested directly and 
the eluate was tested after dialysis against PBS and addition of 
10% fetal bovine serum. The effiuent (D) and eluate (œ) were 
tested for their SMAF activity (CI; mean + SEM) 
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Fig. 3. Analysis of SMAF purified by affinity, chromatography 
with tumor cell membranes. Crude C57BL-SL2 SMAF-containing 
supernatant (D) was put on a Sepharose column to which EL4 
membranes were coupled. The effluent was subsequently put od a 
Sepharose column to which SL2 membranes were coupled. Both 
columns were eluted with guanidine-HC1 buffer. The effluent (D) 
and eluate (æ) of both columns were tested for their SMAF activ- 
ity (expressed as CI). The mean of a representative experiment is 
shown. The fractions were tested in triplicate 

SL2 membranes or KC1 extracts of SL2 tumor cell mem- 
branes, but not by membranes of EL4 tumor cells (Fig. 2). 
SMAF activity adsorbed to SL2 cell antigens could be 
eluted from these columns (eluate). Effiuents or eluates ob- 
tained from control supernatants passed through these col- 
umns did not induce macrophage cytotoxicity. 

To evaluate further the specificity of SMAF, C57BL- 
SL2 SMAF-containing supernatant  was put on a column 
to which EL4 membranes were coupled, and was subse- 
quently adsorbed to and eluted from a column to which 
SL2 membranes were coupled. As shown in Fig. 3, signifi- 
cant SMAF activity was found in the effluent of the EL4 
membrane  column, and in the eluate of the SL2 membrane 
column. This confirms the antigen-specificity of SMAF. 

SDS-PA GE of SMAFfractions obtained after affinity 
chromatography 

The amounts  of protein recovered from the affinity (tumor 
cell membranes) columns were always very small (1 ~tg or 
less) and after electrophoresis (SDS-PAGE) and protein de- 
tection (silver staining) of lyophilized eluate fractions 
hardly any protein band  could be detected. Therefore 
150 ml SMAF-containing su!óernatant was adsorbed to 
20 ml Sepharose beads, to which SL2 membranes were 
coupled (batch procedure). From these Sepharose beads 
the adsorbed proteins were eluted with guanidine-HC1 
buffer and 50-100 ~tg protein was recovered. This fraction 
was dialysed against PBS, lyophilized and, after redissolv- 
ing in PBS, could arm macrophages to a cytotoxicity 
index of 3 2 + 4  (mean +_ SEM of two experiments). The 
electrophoresis pattern of this fraction demonstrated that a 
large part of the protein was a lbumin (Fig. 4). The fraction 
was therefore purified on an affinity chromatography col- 
umn,  to which anti-(bovine serum albumin) and anti-(bo- 
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Fig. 4. SDS-PAGE of SMAF-containing supernatant purified by 
affinity chromatography. SDS-PAGE was performed under non- 
reducing conditions. Protein bands were detected by silver stain- 
ing. A, C57BL-SL2 SMAF-containing supernatant adsorbed to 
SL2 membranes and eluted with guanidine-HC1, lyophilized and 
redissolved in running buffer. B, SMAF sample as tested in A, ad- 
sorbed to a column to which anti-(bovine serum albumin) and 
anti-(bovine serum protein) antibodies were coupled. C, control 
supernatant treated as SMAF-containing supernatant of B. To 
determine the molecular mass, phosphorylase b (94 kDa), bovine 
serum albumin (67.5 kDa) and ovalbumin (43 kDa) were used as 
markers 

Table 3. Affinity chromatography of crude C57BL-SL2 SMAF 
-containing supernatant 

Antibody coupled to Fraction Cytotoxicity 
Sepharose tested ~ index b 

- CrudeSMAF 34+7 

Anti- IgG Effluent 35 + 8 
Eluate - 8 _+ 7 

Anti-(total Ig) (re + 7 light chain Ig) Effiuent 33 + 2 
Eluate 8 _+ 5 

Monoclonal 14- 30 Effluent l 0 ___ 5 
Eluate 30 + 3 

~' The cytotoxicity of macrophages armed with the effluent or 
eluate fraction was determined 

Mean + SEM oftwo experiments performed in triplicate 

vine serum proteins) ant ibodies  were coupled.  After this 
pur i f icat ion the eluate conta ined about  2 0 - 3 0  gg protein. 
It was dialyzed and lyophi l ized and analysed by SDS- 
PAGE.  Only one prote in  band  was recovered (80 kDa).  In 
control  supernatant  t reated in the same way no protein  
band  was found (Fig. 4). 
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Table 4. Characteristics of SMAF obtained from SL2-sensitized 
CBA lymphocytes a 

Sepharose Fraction Cytotoxicity 
coupled to tested index b 

SL2 membranes Effluent 3 _+ 8 
Eluate 30 + 4 

Anti-IgG Effluent 18 _+ 1 
Eluate 35 __. 1 

" SMAF-containing supernatant obtained ['rom SL2(H-2~)-sensit - 
ized CBA(H-2 k) lymphocytes was tested by affinity chromatogra- 
phy. The supernatant was put on columns to which SL2 memb- 
ranes or anti-(murine IgG) antibodies were coupled. The adsorbed 
proteins were eluted with guanidine-HC1 (in the case of SL2 
membranes) or glycine-HCl (in the case of anti-IgG). The cytotox- 
icity of macrophages armed with the effluent or eluate fraction 
was determined 
b Mean + SEM oftwo experiments performed in triplicate 

Affinity chromatography of SMAF-containing supernatants 

Fract ionat ion  of  C57BL-SL2 S M A F  on columns to which 
an t i - IgG or anti-Ig (~c+Z light chain) ant ibodies  were 
coupled,  indicated that  S M A F  activity was not  bound  to 
these columns,  as in the effluent the activity was not  re- 
duced compared  with non-adsorbed  SMAF-con ta in ing  
supernatant .  No cytotoxici ty was found in the eluate 
(Table 3). In the effluent of  SMAF-con ta in ing  supernatant  
passed over an affinity chromatography  column to which 
the monoclona l  an t ibody  14-30  (directed against  antigen- 
specific T-cell factors) was coupled,  no cytotoxicity 
was recovered. S M A F  activity could be eluted from this 
co lumn by sodium carbonate  (Table 3). Control  super- 
natants  passed through all affinity chromatography col- 
umns did not induce macrophage  cytotoxici ty in the effluent 
or  eluate. 

SMAF produced by EL4(H-2b)-sensitized DBA/2 (H-2 a) 
lymphocytes 

C57BL(H-2 b) - SL2(H-2 d) S M A F  was compared  with 
S M A F  from a reciprocal  system; that  is, S M A F  from 
EIA(H-2b)-sensitized D B A / 2  (H-2 d) lymphocytes.  The ac- 
t ivity in this SMAF-conta in ing  supernatant  could be ad- 
sorbed by and eluted from columns to which EL4 
membranes,  but  not  SL2 membranes  were coupled.  
DBA/2 -EL4  SMAF-conta in ing  supernatant ,  f ract ionated 
on a Sepharose column to which anti-Ig ant ibodies  were 
coupled,  was not reduced in its S M A F  activity and no cy- 
totoxici ty could be induced with the eluate. These da ta  
(not shown) were in agreement  with the data  on C57BL- 
SL2 SMAF-conta in ing  supernatant ,  with a reciprocal  
antigen specificity. 

SMAF produced by SL2(H-2a)-sensitized CBA (H-2 k) 
lymphocytes 

To further evaluate the specificity of  SMAF,  CBA(H-2 k) - 
SL2(H-2 ä) S M A F  was studied. Factors  in this CBA-SL2 
SMAF-conta in ing  supernatant  could be adsorbed by and 
eluted from Sepharose columns to which SL2 membranes  
were coupled (Table 4). Most macrophage-cytotoxici ty-  
inducing activity was adsorbed  from this "SMAF"-con -  
taining supernatant  by an t i - IgG columns and was recov- 
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ered in the eluate. This indicated that in CBA-SL2 
"SMAF"-containing supernatant specific antibodies were 
responsible for the major part of the induced macrophage 
cytotoxicity. 

SMAF produced by SL2(H-2a)-sensitized DBA/2 (H-2 d) 
lymphocytes 

SMAF-containing supernatant produced in the syngeneic 
DBA/2-SL2 system was fractionated by gel filtration in a 
40-100-kDa and a 100-190-kDa fraction, with only the 
40-100-kDa fraction showing SMAF activity. This SMAF 
activity dit not bind to anti-IgG columns, and was only 
adsorbed from the culture supernatant by SL2 cells and 
not by other syngeneic or allogeneic tumor cells. Thus, in 
this syngeneic system SMAF is responsible for the induced 
macrophage cytotoxicity and not specific antibodies. 

Discussion 

In this study the first data on the immunochemical charac- 
terization of SMAF in the allogeneic C57BL mice (H-2 b) 
against SL2 lymphoma cells (H-2 d) are described. These 
SMAF characteristics are compared with the immuno- 
chemical characteristics of SMAF in various other murine 
allogeneic and syngeneic tumor systems. It was shown 
that: 
1. The production of SMAF by sensitized lymphocytes in 
vitro is only triggered in the allogeneic systems if the cells 
used for triggering have the same H-2 as the immunizing 
tumor cell. In syngeneic systems only the sensitizing tumor 
cell can trigger the SMAF production. 
2. The cytotoxicity of the SMAF-armed macrophages in 
the allogeneic systems is H-2-specific, whereas in the syn- 
geneic system it is "tumor"-specific; this is the same as the 
specificity of the SMAF-producing lymphocytes (see 1). 
3. SMAF can be adsorbed from the supernatant by the spe- 
cific tumor cell antigens (membranes, KC1 extracts or, as 
previously shown, by intact cells [21]). 
4. SMAF has a molecular mass, as determined by gel fil- 
tration, of 75 -80kDa  (in the syngeneic system the 
40-100-kDa fraction was found to contain the SMAF 
activity). 
5. SMAF is not adsorbed by anti-murine immuno- 
globulins. 
6. SMAF is adsorbed by the monoclonal antibody 14-30, 
directed against antigen-specific T-cell factor [14]. 
7. SMAF is different from the lymphokine macrophage- 
activating factor (or interferon y [2, 7]). 

This showed that SMAF is not an immunoglobulin but 
an antigen-specific T-cell factor. 

Previously, it was shown in both allogeneic and synge- 
neic systems that SMAF production was abrogated after 
anti-Thyl.2 (plus complement) treatment [5, 10, 20, 21]. 
Supernatants can, however, contain immunoglobulins, as 
we demonstrated in the crude "SMAF" supernatant of the 
allogeneic CBA-SL2 system, and these immunoglobulins 
(IgG) could induce macrophage cytotoxicity as weil. This 
indicated that the presence of specific antibodies can ob- 
scure the presence of SMAF, as addition of specific anti- 
tumor antibodies to SMAF-armed macrophages did in- 
crease the macrophage cytotoxicity of armed macrophages 
significantly [8, 11]. On the other hand, SMAF-containing 
supernatants do not always contain macrophage-arming 
antibodies, as was demonstrated in the allogeneic 

C57BL-SL2 and DBA/2-EL4 systems, and in the syngeneic 
DBA/2-SL2 system. The difference in the production ofanti- 
bodies by the tumor-sensitized lymphocytes in the different 
murine tumor allograft systems parallels the difference in 
tumor rejection. In the C57BL-SL2 and DBA/2-EL4 sys- 
tems the tumor graft (107 cells/mouse) was rejected within 
12 days in all mice [4, 5, 27]. This in contrast to the CBA- 
SL2 system, where the tumor rejection is more chronic; 
that is, complete tumor rejection could take more than 25 
days and some of the mice were not able to reject the 
tumor allograft at all (unpublished observations). 

Recently we have shown that SMAF bears a close re- 
semblance or may even be identical to a specific T-cell 
factor that is involved in the initiation of delayed-type 
hypersensitivity [8, 24, 27]. This factor, which was studied 
in detail in contact hypersensitivity [1, 25], is also involved 
in the initiation of delayed-type hypersensitivity against 
tumor cells [18, 26]. This specific T-cell factor has been im- 
munochemically characterized by Ptak et al. [23] and its 
characteristics were similar to the characteristics of SMAF 
presented in this paper. 
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