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Histocompatibility antigens on mouse cells, 
and antibodies to them, have been demon- 
strated by a variety of 'techniques. These 
include haemagglutination, absorption, cyto- 
toxicity and stimulation of antibody produc- 
tion ( 1 ) , measurement of colony formation in 
vitro (2), and staining with fluorescent anti- 
body(3). 

Gangal, Merchant and Shreffler ( 1 ) demon- 
strated that after 25  years in culture LM 
cells grown in modified medium 199 (4), sup- 
plemented with 0.5% peptone (called 199P) , 
still possessed all the specificities of the H-2k 
allele of the C3H mouse from which the L-cell 
line originally was derived. They demon- 
strated specificities 1, 3, 5, and 8 by absorp- 
tion and haemagglutination, and specificity 11 
(which was only weakly absorbed) by stimu- 
lation of antibody production. As specificity 
32 is not readily detected by haemagglutina- 
tion, they demonstrated it by cytotoxicity. 

In the present study an indirect fluorescent 
antibody test was used to demonstrate all the 
specificities. The fluorescent antibody test 
also enables one to check for the presence of 
antigenic specificities alt the cellular level. A 
proportion of antigen deficient cells in a popu- 
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lation would not be observed by absorption 
tests, but would be detected by the fluorescent 
antibody method. It was proposed to deter- 
mine whether all the cells in a population of 
LM cells carried each of the H-2k specificities. 

In  addition to confirming and enlarging 
upon the previous results with LM (199P) 
cells, i t  was considered interesting to know 
whether LM cells grown in 2X Eagle basal 
medium also possessed the known specificities 
of the H-2k allele. Eagle medium is simpler 
than 199P and is chemically defined ( 5 ) .  LM 
(2XE)  cells are known to differ fro'm LM 
(199P) cells in their alkaline phosphatase 
activity as well as in specific chromosome 
markers and karyotype( 6) .  LM ( 2  X E )  cells 
have no alkaline phosphatase activity but 
LM (199P) cell populations are composed of 
a mixture of alkaline phosphatase positive 
and alkaline phosphatase negative cells ( 7 ) .  I t  
has been suggested that alkaline phosphatase 
activity is closely associated with H-2 antigen 
specificity(8). If this were the case, LM 
( 2  X E) cells might be expected to be lacking 
in one or more of the H-2 specificities. 

It was also proposed to check for the pres- 
ence of H-2 specificities on some other vari- 
ants of the LM cells, of different karyotype, 
alkaline phosphatase activity, and colonial 
and morphological appearance 'to see whether 
possible deficiency of antigenic specificities 
can be related to any of these characteristics. 

Materials and methods. Cell lines. The 
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LM strain is a subline of Strain L (929) C3H 
mouse cells(9). I t  has been maintained in 
monolayer in modified medium 199 supple- 
mented with 0.5% peptone (called 199P) (4) .  
These cells also have been adapted to grow 
in 2 X Eagle basal medium (called 2 XE) (5).  
The number of times that the cells have been 
subcultured is indicated by a prefix and the 
medium in which they are grown is indicated 
by a suffix, e.g., 223 LM (2XE) cells. 

The LMa cell strain had been derived by 
intramuscular passage of LM cells in C3H/ 
Andervont mice( 6). Clones were isolated from 
a culture of LMa cells plated in 199P and 
20% horse serum. The clones were desig- 
nated 1, 2, and 3. Clone 1 was thought to 
be alkaline phosphatase negative, clone 3 posi- 
tive and clone 2 mixed. The morphology of 
the cloned cells is as follows: 

Clone 1. very fibroblastic 
Clone 2. fibroblastic and polygonal 
Clone 3. mostly polygonal 
To make an even suspension the cells were 

gently scraped off the glass surface with a 
rubber policeman, and triturated to break up 
cellular aggregations. The LM (2 X E )  cells 
were treated for 5 minutes in medium con- 
taining 0.12 % methyl cellulose, prior to har- 
vest, which reduces damage to the cells. LM 
(199P) cells were not treated with methyl 
cellulose as they seem to be less fragile. 

Antisera. For the methods of preparation 
and evaluation of antibody specificities, see 
Gangal, Merchant and Shreffler( 1) .  The 
authors would like to thank Dr. G. D. Snell, 
Jackson Laboratory, Bar Harbor, Maine, for 
the (C3H.SW X A.CA)Fl anti A.SW and 
(A.SW X C57BL/10)Fl anti A.CA sera. 

Indirect fluorescent antibody ( F A B )  test. 
The details of this method were given to us 
by Dr. Nelda B. Holmgren, Dept. of Micro- 
biology, Univ. of Michigan (personal com- 
munication). The cells in suspension were 
washed 3 times at  4OC in 0.1 Z! phosphate 
buffered saline (0.9%) at  pH 7.2 (PBS) con- 
taining 0.01 % MgS04. The cell concentration 
was then adjusted to about 2 X loG cells per 
ml . 

The cells were not fixed: for the test a 
cell viability in excess of 90% was desirable. 
The cells were sensitized by exposing 0.1 ml 

of cell suspension to 0.1 ml of dilution of anti- 
serum at  room temperature for half an hour 
with occasional shaking. Excess antibody was 
removed from the cells by washing 3 times 
as before( leaving them suspended in 0.1 ml 
PBS. 

The sensitized cells were then labeled by 
adding 0.1 ml fluorescent horse anti mouse 
globulin (FHAMG) diluted 1 in 10 in PBS 
without MgS04. The cells were again incu- 
bated for half an hour at room temperature 
with occasional shaking. The FHAMG was 
manufactured by Progressive Laboratories 
Inc., and supplied by Roboz Surgical Instru- 
ment Co., Washington, D. C. The antibody 
was conjugated with fluorescein isothiocya- 
nate and freeze-dried by the manufacturers. 

Excess FHAMG was removed by washing 
again 3 times in saline as before, and the 
cells were mounted on slides under coverslips 
and sealed. The slides were then examined 
with a Zeiss Standard GFL fluorescent micro- 
scope equipped with an @ram HBO 200 W 
lamp, a BG 12 exciter filter and Zeiss barrier 
filter inserts (47 and SO). Some photographs 
were taken with a 35 mm camera using Kodak 
Tri X Pan fast black and white film (TX- 
135-36) (ASA 400). The exposure time was 
40 seconds. 

There are 4 types of reaction of the cell to 
this fluorescent staining procedure(3) : ( 1) 
Positive ( R i n g )  reaction. Cell takes up anti- 
body on surface. Bright circumferential ring 
of fluorescence (see Figure 1).  ( 2 )  Negative 
reaction. Cell takes up no antibody. No fluo- 
rescence. Cell looks dark brown all over. 
(3) Diffuse reaction. Dead cell. Fluorescence 
taken up non-specifically throughout cyto- 
plasm (see Figure 1).  (4) Pinocytosis. If 
cells are inactivated in FHAMlG too long, 
pinocytosis occurs and small globules of fluo- 
rescent antibody can be seen at  edge of cell. 
This also occurs in control tubes. 

The experiment can be controlled by show- 
ing that no ring reaction appears if PBS or 
normal mouse serum is substituted for anti- 
serum. This shows that FHAMG is not 
taken up non-specifically by LM cells. 

The antisera that were used were multispe- 
cific, but each contained antibody to only 
one of the specificities olf the H-2’” allele. For 
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FIG. 1. Cdls sensitized with undiluted antiserum and stained with 1/10 dilution of fluorescent 
horse anti-mouse gliobulin. C d k  on left are 144 LM (199P) sensitized with DBM2 aniti 
C57BLJ10 (2,5,22,33). Cells on 1righ.t are 93 LMa (199P) Olone 1 sensitized with (C3H.SW X 
A.CA)K anti ASW (3,19). 

example, DBA/2 anti C57BLJ101 serum con- 
tained antibodies to specificities 2, 5 ,  22 and 
33. It caused a positive ring reaction in 
indirect FAB tests, indicating that the cell 
had at least one of these 4 specificities on its 
surface. This was controlled by using C3H 
anti C57BL/lO serum which contained anti- 
bodies to specificities 2, 6, 14, 22, 27, 28, 29, 
and 33 and produced a negative reaction in 
FAB tests. This showed that the positive 
reaction caused by DBAJ2 anti C57BL/10 
serum was brought about by the anti 5 which 
it contained. Thus specificity 5 was shown 
to be present on the surface of the cell. 

Test  for alkaline phosphatase activity. 
This was a modification of the azo-dye meth- 
od of Burstone(10). The reagents used are 
listed by Merchant, Kahn, and Murphy ( 11). 
The cells were not fixed. A volume of cell 
suspension containing about 6 X lo5 cells 
was centrifuged in a small test tube and the 
medium was removed. The cells were sus- 

pended in 0.5 ml of reaction mixture and 
incubated a t  room temperature for 201 min- 
utes. Counts were made in a haemucytometer 
to determine the percentage of the cells that 
stained blue, indicating alkaline phosphatase 
activity . 

Results. The indirect FAB method was ap- 
plied first to LM (199P) cells and they were 
shown still to possess specificities 1, 3, 5 ,  8, 
11 and 32. A preliminary screening test in- 
dicated that LM ( 2 X E )  cells also had these 
specificities (see Table I )  . 

A series of titrations then showed the pres- 
ence of these specificities on 139-146 LM 
(199P) cells, 2201-224 LM (199P) cells and 
222-224 LM (2XE)  ceIls. They were also 
demonstrated on the 3 clones of LMa cells. 
Titrations were not performed in the case 
of LMa (199P) clone 2, but the presence of 
the antigen was confirmed using a standard 
concentration of antiserum of 1/10 (see Table 
11). 
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TABLE I. Presence of H-2 Specificities on LM 
Cells. 

Intensity of ring 
H-2k specifi- reaction 
city under 140 (LM) 122 LM 

Antisera" examination 199P (2 X E) 

B10-D2 anti F/St ++(+) 
1 

- (1,7916) t 

(6, 7,16) 

A.SW (3,19) 3 

(7,19> 

(275,227 33) 

C3H anti P/J 

C3H.SW-A.CA anti +++ 
A/Hc anti A.SW - 

D2 anti B10 ++(+I 
5 

- C3H anti B10 (2,6,  
14, 22, 27, 28,- 29, 
33) 

A.SW-B10 anti +++ 
A.CA (8,9) 8 

available 
No control serum 

B10-D2 anti D1 +++ 
C3H anti D1 (6, - 

A/Hc anti C3H +(+) 

(11,17,30) 11 

13, 17, 27, 28, 
29,30) 

(32) 32 

serum 

serum 

Monospecific 

Normal mouse Control - 

++(+) 

NT 

++(+I  
N T  

++ 
NT 

+++ 

++(+) 

NT 

+(+) 

- 

* B10 = G57BL/10, D2 = DBA/2, D1 DBA 
/1, B10-D2 = (C57BL/10 X DBA/B)F,, etc. This 
applies to Table I1 and Fig. 2 also. 

t The specificities towards which antibodies in  
this serum are directed. 

NT = Not tested. 

In  each tube of every titration over 100 
cells were examined under the fluorescent 
microscope to determine whether the reaction 
of any cells differed from that of the majority 
of the population. In no tube showing a 
strongly positive ring reaction was it possible 
to state with certainty that an antigen nega- 
tive cell existed, and in no control tube where 
the reaction was negative, was a cell showing 
a positive reaction ever seen. Around the end- 
point the ring reaction was very weak, and 
readings fell from 100% of cells having a 
positive reaction to 100% of cells having a 
negative reaction in about 2 dilution steps 
(Fig. 2 ) .  Reading the dilution at which 50% 
of the cells are positive is a good guide to 
the end-point. The alkaline phosphatase ac- 

tivities oif several cell passages were deter- 
mined. The LM (2XE) cells showed no ac- 
tivity and the LMa (199P) clone 3 cells 
were 100% alkaline phosphatase positive. 
Activities of the cell strains are shown in 
Table 11. 

Discussion. The results of Gangal, Mer- 
chant, and Shreffler(1) have been confirmed 
and extended. I t  was shown that 139-146 
LM (199P) and 220-224 LM (199P) cells 
have the same H-2 antigenic specificities in 
spite of, for some reason, widely varying alka- 
line phosphatase activity. The 3 clones of 
LMa cells also were shown to have the H-2 
specificities characteristic of the H-2k allele. 

LM (2XE) cells were shown to have re- 
tained all the specificities, including species 
specificities of the LM cells. The species anti- 
gens of the LM (2XE) cells were demon- 
strated by showing that they could completely 
absorb all the antibodies to LM (199P) cells 
from an anti LM (199P) cell serum made in 
the rabbit. This was shown using a fluores- 
cent sheep anti rabbit globulin. 

Indirect FAB tests on red cells gave very 
weak fluorescence confirming previous results, 
including those of Moller(3), that red cells 
appear to contain relatively little transplan- 
tation antigen. 

Percentage counts indicated that none of 
the cells are antigen negative. The great vari- 
ation in alkaline phosphatase activity between 
different cell strains and between different 
cells of the same strain, contrasts with their 
antigenic constancy. It is apparent that alka- 
line phosphatase activity is not associated 
with gain or loss of H-2 specificities. Neither 
is the reduced modal number of chromosomes 
nor the appearance of new marker chromo- 
somes in LM cells after transfer to 2XE 
medium(6) accompanied by any change in 
H-2 antigenic specificity. 

The persistence uf the H-2k specificities in 
LM cells contrasts with the instability of the 
human blood group A and B specificities in 
some human cell lines, and with the hetero- 
geneity of human blood group A specificity in 
rabbit cell lines; in the latter case heterogene- 
ity was seen in cell lines cloned from either 
antigen negative or antigen positive cells( 12). 

No ring reaction was seen in controls what- 
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TABLE 11. Alkaline Phosphatase Activity and H-2 Specificities of LM Cell Strains. 

222-224 139-146 93-94 90 220-224 91-92 
Cells LM LM LMa(199P) LMa(199P) LM LMa(199P) 

( 2 X E )  (199P) Clone1 Clone 2 (199P) Clone 3 
~ 

YO of cells alkaline phospha- 0 13 18 71 93 100 
tase positive (avg) 

Antisera" Highest dilution of antiserum a t  which ring reaction occurs 

B10-D2 anti F/St 40 32 4,O +++ 32,80 40 
(477  16) t 

(3719) 

(27 5,227 33) 

(899) 

C3H.SW-A.CA anti A.SW 80 80,80 80 +++ 32 80 

D2 anti B10 20 64 40 +++ 32,40 40 

A.SW-B10 anti A.CA 40 80 40 +++ 32980 40 

B1,0-D2 anti D1 40 32 40 +++ 40,40 40 
(12,17,30) 

A/Hc anti C3H (32 )  40,16 40 10  +++ 10 20 

* See footnote on Table I. 
t Specificity italicized is the one under examination. 

ever the concentration of antiserum. MGller 
( 3 )  described a few positive reactions in con- 
trols, using bone marrow and lymph node cells 
of adult mice but not those of 15-20-day-old 
mice. He related this to cellular antibody for- 
mation. It seems that LM cells produce no 
immunoglobulin that subsequently adheres to 
the cells. The cells were always washed beifore 

testing and any globulin produced by the 
cells may have been eluted. Moller washed 
his cells only once. 

The suggestion that H-2 substance may be 
vital to the viability of the cell( 1) is sup- 
ported by failure to find any antigen nega- 
tive cells. So far H-2 antigens have not been 
proved to be associated with any definite en- 

TITRATIONS OF 144 LM (199 P) CELLS AGAINST TWO 
DlFF ERENT ANTISERA 

L 

Neat 22 2' 26 28 Controls Neat 2' Z4 2' z8 $'Controls 0 .- 

Dilutions of Antiserum Dilutions of Antiserum 
s 

B10 - 02 anti D l  (Il,V, 33) D 2  anti B 10 (2, 5,22,33) 
FIG. 2.  For complete designations of antiserum see footnote, Table I. 
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zymatic activity. I t  may be that the H-2 
antigens are part of the structural material 
of the cell membrane ( 13 ) . 

Summary. The distribution of H-2 speci- 
ficities on LM mouse cells and derived lines 
was studied using an immunofluorescent tech- 
nique. All specificities of the H-2k allele were 
found to be distributed uniformly among cells 
of all lines studied regardless of the presence 
or absence of alkaline phosphatase and of 
marker chromosomes. Variations in modal 
number of chromosomes and in morphology 
and grolwth characteristics of the cells also 
were unrelated to the presence of H-2 
antigens. 
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As determined by the Simonsen assay of 
histocompatibility( 1 ) spleen cells derived 
from adult mice, thymectomized shortly after 
birth, fail to elicit graft-versus-host reactions. 
Previous experiments in this(2) and other 
laboratories ( 3 )  indicate that early thymec- 
tomy of the recipient facilitates and increases 
the severity of the immunological disease pro- 
duced by administration of normal splenic 
cells. 

Gross spleen enlargement after inoculation 
of immunologically competent cells has pro- 
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vided a sensitive assay system for measure- 
ment of GVH reactions by cells capable of 
interacting with antigens present in the host. 
Earlier studies( 2 )  in our laboratory indicate 
that neonatally thymectomized mice are more 
susceptible to the lethal effects of graft- 
versus-host reactions than are normal con- 
trols. Recent work(4,S) has shown also that 
host cells make a major contribution to the 
proliferative response of spleen and other 
lymphoid tissues undergoing the graft-versus- 
host responses. I t  seems of interest, therefore, 
to determine whether neonatally thymecto- 
mized mice can respond with the development 
of splenomegaly following injection of splenic 
cells from adult immunologically competent 
donors. Experiments were designed to com- 
pare the susceptibility of thymectomized and 
sham operated recipients to produce spleno- 
megaly. In this paper we attempt to demon- 
strate that thymectomy of the recipient ani- 




