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Previously we have reported( 1) that peri- 
toneal cell extracts from guinea pigs sensitized 
to 1 -fluoro-2 ,4-dinitrobenzene would transfer 
sensitivity i f  collected 17 days after beginlning 
sensitization but were not successful if col- 
lected 13 days after initial sensitizing contact. 
The transfer of delayed type hypmemitivity 
by crude cell extracts has been previously 
reported by many investigators( 2,3,4,5,6,7,8), 
although reports of unsuccessful or non- 
specific results have been made when animals 
other than the h u m  being have been used 
(9,10,13). The differing capabilities of cell ex- 
tracts alt the time periods above have been ad- 
vanced as one possible explanaitiun far 
discrepancy irf results reported. To investigate 
further the differences in cell transfer ca- 
pabilities at these time per'iods, the following 
study was made. 

Materials and methods. Albino guinea pigs, 
weighing 350-500 g, of the random bred 
Hartley strain, were semitized by pahtinlg 
with 5 drop  of a 2 %  solution of l-fluom-2,4- 
dintrobenzene (DNFB) in absolute ethyl 
alcohol on the shoulders and neck, after re- 
moving the hair with a fine clipper. This ap- 
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plication of DNFB was repeated daily for 6 
days in the same location. 

Actively sensitized guinea pigs ware skin 
tested an either the ninth day or the thirteenth 
after initial contact smsitimtion by applying 
one drop of a solution of DNFB in olive oil 
to an area of the flank which had been cleared 
of hair by clipping. The DNFB so lu ths  of 
0.5 and 0.75% were rubbed gently into the 
skin with a polished glass rod. Skin t a t s  were 
read a t  4 and 24 hours after application of 
the dive oil solution, and were graded -+ + 4- + , marked homogenous erythema ; +++, homogenous erythema; ++, patchy 
erythema; +, slight erythema; 01, no reaction. 
An additional designation of t to indicate 
minimal reaction has been added. 

After reading of skin tests, hair was clipped 
from the $abdominal surface and 15 nd of 
sterile light minleral oil was injected intra- 
peritoneally to evokle exudabive cells. Seventy- 
two b u r s  after oil injection, animals were ex- 
sianguinated by inkracardial puncture, and 
peritoneal exudate cells were collected. For 
this collection, the abdominal wall was opened 
and the cavity washed 3 times with s t d e  
Hanks balanced salt solution ( 1 1 ) , modified 
by the addition of 0.1% gelatin. 
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FIG. 1. Procedures for handling peritoneal exudate cells. 

Collected cells were seclimented by cen- 
trifugation at 2,000 rprn for 20 minutes. 
Packed cells were washed once in Hanks 
solution, rdlimented at 2,000 rpm for 10 
minutes and the volume recorded. Washed 
e l l s  were resuspended in 10 ml Hanks wlu- 
tion and divided into portions to contain 0.75 
ml packed cells, which is equivalent to a p  
proximately 9-10 x lo7 cells. These cell 
diquots were then hded accmding to one 
of the following procedures (Fig. 1 ) , and in- 
jection into recipient animals was completed 
within 5 hours of exsanguimtion. 

A). Cells ware injected intraperitmdly, 
without further trmtwnt into normal re- 
cipient guinea pig. B). Hanks solution was 
added to a total volume of 5 ml and the cells 
were then incubated at 37 C far 30 minutes. 
After incubation the peritoneal exudate cells 
were sedimented at 2,000 rpm for 10 minutes, 
the supernatant removed d injected intra- 
pe r i tod ly  into recipient. Packed calls were 
washed 3X with Hanks solution and injected 
into recipient animal. C). Hanks solution was 
added to a volume of 5 ml and an equal vol- 
ume of guinea pig m m  conjugate of DNFB 
was added. The cells were then incubated and 
treated as in section B abw. D). Ha.& soh- 
tion was added to a volume of 5 ml and the 
cells wae then subjected to treatment by the 
Branson Sonifier until microscopic ex&- 
nation of the suspension s h o d  no cells in- 
tact. To amid excessive heating, all wnifier 
treatment was interrupted at intervals, and the 
cell coatainer was immersed in tap water. Sus- 

pensions thus treated were then centrifuged 
at 2,000 rprn for 20 minutes. The sulpennatant 
fluid was remved and injected intrapen- 
tmeally into a normal recipient a n r i d .  Sedi- 
ment was washed once in Hanks, reSuSpended 
and injected into a recipient. E). Cells were 
incubated as in B, the supernatant removed 
and injected into a recipient. "'he cells were 
then treated as in D. F). Cells were incubated 
as in C, and then treated as in D. 

In  incubation experimnts normal control 
recipient guinea pigs were injected with Hanks 
solution and with guinea pig m m  conjugate 
in volumes equal to that used in incuhtiorn 
of clell diquots. 

Axillary lymph nodes were removed fol- 
lowing harvest of peritoneal exudates. After 
the fat was trimmed away, the nodes were 
finely mimed with scissors and were strained 
through a fine aluminum screen to separate 
cells. Cells so collected were then washed mce 
in Hanks mlultim and sedimated for 10 
minutes at 2,000 rpm. Cells were suspended in 
5 ml of Hanks for injection into recipients. 

For me in testing and incubation expai- 
mmts, serum was taken from n a r d  guinea 
pigs, p l e d  and conjugated with DNFB. The 
conjugate was prepred aamding to the 
method of K a b t  and Maya-( 12). 

Results. All actively sensitized donor ani- 
mals s h o d  reactivity of at least ++ level 
and the majority of the animals showed 

After transfer of the appropriate material, 
i.e., incubation supernates, whole cells or 

+++ and ++++ r-ti-* 
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TABLE I. Skin Test Reactions to 0.75% DNFB Recipients Receiving Lymph Node Cells and 
Unincubated Peritoneal Exudate Cells. 

-Lymph node cells----, (------- Peritoneal exudate cells*--------\ 
Group test Volt Volt (-Reaction? 
numbers transferred Reaction transferred Whole cell Sonic extract 

13-day cells 
Test 1 .30 ++++ .75 +++ not done 

2 .30 ++++ .75 ++ 
3 .20 ++ .75 + -I- 
4 .25 + .75 ++ 
5 . lo  + 
6 .25 +++ 
7 .45 + 

9 9  

9 9  

? 9  

- 
- .75 + 

.75 + 

.40 + - 
17-day cells 

not done Test 1 .30 ++++ .75 ++ 
.60 + 
.75 + 
.75 ++ + 
.75 ++ + 

1.0 ++ ++ 

9 9  

2 .10 +++ 9 9  

3 .10 + 
4 .35 + 
5 .35 + 
6 .90 +++ 

* These results refer t o  procedures in column A, Fig. 1. 
t Volume here refers t o  total packed cells used for whole cell transfer. A volume equal t o  

that used for whole cell peritoneal exudate was used t o  prepare sonic extracts. 

TABLE 11. Skin Test Reactions to 0.75% DTU’FB in Recipients Receiving Peritoneal Exudate 

Supernatant Hanks solution 
following incubation 

Cells and Supernatant Hanks Solution After Incubation at 37 C.* 

Peritoneal exudate cells following incubation 
Incubated 

Group test Volt whole cell Sonic extract Volt 
numbers transferred reaction reaction transferred Reaction 

13-day cells 
Test 1 

2 
3 
4 
5 
6 
7 

17-day cells 
Test 1 

2 
3 
4 
5 
6 

.75 

.75 

.75 

.75 

.75 

.75 

.3 

.75 

.60 

.75 

.75 

.75 
1-00 

+++ ++ ++ ++ + + + 

not done 
9 )  

9 9  

9 9  

not done 
9 9  

99  

- 
- * 

not done 

.75 

.75 

.75 

.75 

.3 

9 9  

not done 

.75 

.75 

.75 

9 9  

1.0 

not !one 

+ +++ ++ + + 
not done 

++ ++ + ++ 

9 9  

* Results in this Table refer to  procedures in column B, Fig. 1. 
t Volume here refers to volume of packed cells incubated in 5 ml Hanks solution. 

crude cell extracts, to normal guinea pigs by 
the intraperitoneal route, recipients were skin 
tested with 0.75 and 0.50 per mn DNFB in 
alive oil. Far each test a t  least 1101 donor mi- 
mals were used far the transfer preparations. 
Results of skin tests in Tables 1-3 represent 
the reaction of the recipient animal fdlowing 
transfer of one preparation. Tests No. 1 in the 
13-day and the l7day  cells represent con- 
current transfers on the same date from d m w  
animals sensitized f a r  the 13 and 17 day 

periods. Fm example, cells were harvested 
from 13 day donors, and divided into three 
aliquots. One aliquot was treated according to 
prooeduws in column A, Fig. 1, and results 
are shown in Table I. A second was treated 
according to m l w n  B, with results shown in 
Table 11, and the third was subjected to treat- 
ment shown in column C, with results shmm 
in Table 111. Each subsequent test n u m k  
represents an experiment carried out at a dif- 
ferent time, with each test involving separate 
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TABLE 111. Skin Test Reactions to 0.75% DNFB in Recipients Receiving Peritoneal Exudate 
Cells and Supernatant Hanks with DNP-Guinea Pig Serum Conjugate After Incubation at 

37 c.* 
Supernatant Hanks with 
DNP-guinea pig serum 

following incubation Peritoneal exudate cells following incubation 
Incubated 

Group test Vol whole cell Sonic extract Volt 
numbers transferred reaction reaction transferred Reaction 

13-day cells 
not done .75 + 

.75 + 

.75 + 

.75 2 

.75 + 

.75 + 

.40 + 
not done .75 - 

.75 2 
Test 1 .75 ++ 

.75 
2 .60 ++ 
3 .75 ++ 
4 .75 + e .75 & 

.75 5 .75 + 
6 1.00 ++ ++ 

- 
9 9  

7 9  

9 1  

Test 1 .75 
.75 2 

3 .75 
4 .75 
5 .75 
6 .75 
7 .40 

- 
- 
- 
- - 
- - 
- - 

17-day cells 
+ 

9 9  

9 9  - 
- * - 1.0 

* Rosults in this Ta.ble refer to procedures in column C, Fig. 1. 
t Volume here refers to volume of packed cells incubated in 5 ml Hanks solution containing 

DNP-guinea pig serum conjugate. 

lots of donor animals. 
Control animals tested for each of the 

transfers included (1) normal, uninjected 
guinea pigs, ( 2 )  normal guinea pigs injected 
intraperitoneally with Hanks solution and (3) 
normal guinea pigs injected intraperitoneally 
with DNF-guinea pig serum conjugate. No 
control animal showed a positive skin test to 
either concentration of DNFB. Donors and 
recipients from each test were also subjected 
to contact skin test with picryl chloride, w 
chlorobenzoyl chloride and citracunic anhy- 
dride in olive oil at one per cent concentra- 
tion. No non-specific cross reactions were ob- 
served. 

Discussion. Specific sensitivity to DNFB 
was transferred to normal recipients a t  both 
13 and 17 day periods by lymph node cells 
and by peritoneal exudate cells. Crude sonic 
extracts of peritoneal exudate cells transferred 
specific sensitidy at the 17 day period only. 
Washed sediments did not transfer sensitivity 
in any expeximent. 

Following collection, washing, and in- 
cubation at 37 C, of peritoneal exudate cells in 
Ha& solution, the supernatant incubation 
fluid successfully transferred specific sen- 
sitivity from cells of both the 13 and 17 day 
groups (Table 11). After incubation however, 

only those cells from the 13 day groups were 
capable of transfer. Cells from 17 clay semi- 
tized animals had lost transfer capability. 
These results appear to indicate that the 
“transfer factor” is more securely retained 
by the 13 day cells. When either type of cell 
was sonicatd following incubation, sensitivity 
was not transferred by either sonic extlract or 
sediment. 

When cells of the 13 and 17 day groups 
were incubated at  37 C in Hanks containing 
DNP-guinea pig serum conjugate, a somewhat 
different picture was presented. The super- 
natant fluid from this incubation did transfer 
sensitivity from 13-day cells, but not from 17- 
day cells. Following this incubation, cells from 
13-day animals had lost all ability to transfer, 
while those from 17-day animals retained 
transfer ability practically unchanged. These 
results indicate a different effect on the cells 
produced by the presence of the chemical 
allergen in the form of a protein conjugate. 
When the 17-day cells were used to prepare 
the sonic extracts following incubation, the 
extract was capable of transfer in one ex- 
periment where a larger vohme of cells was 
used and where the whole cell reaction was 
relatively strong. It is apparent that the 
presence of DNP-conjugate c a d  the rapid 
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release of transfer factor from 13-day cells, but 
had no effect on 17-day cells, again indicating 
that the factor is attached to the cell dif- 
ferently a t  the 13day period. The effect of an 
inhibitor as suggested by Tsuji et a2(7), is 
not apparent in the reactions of these two cell 
types. Rather, in this experiment there appear 
to be two different mechanisms of release of 
the ltransfer factor from the cell. 

Attempts at analysis of the transfer factor 
released in incubation expe rba t s  to the 
present have indicated that this material is 
not an antibody in terms of the reactivity 
usually expressed by antibody molecules. The 
transfer factor is neither neutralized nor 
bound in the presence of the specific hapten 
in a. conjugate. In repeated tests following 
concentration of the incubation supernatant 
fluid which is capable of transfer, the transfer 
factor fails to produce positive reactions in 
precipitation, hemagglutination, passive cuta- 
nmus anaphylaxis and passive systemic ana- 
phylaxis. The transfer factor from 17-day cells 
in incubation Hlanks solution is stable a t  room 
temperature fm at least 8 hours, and a t  37 C 
for at least 2-4 hours. 

The apparent complete release of the trans- 
fer factor upon inculbation in (balanced salt 
solution could further explain some failures in 
attempts at passive transfer with either whole 
cell or extract preparations. The results re- 
ported here, indicate the necessity for careful 
control of procedures and handling of peri- 
toneal exudate cells to prevent the loss of 
transfer capacity in supernatant fluids dis- 
carded after collecting or washing cells. 

Summary. The incubation of peritoneal ex- 
udate cells in Hanks balanced salt solution 
at  37 C, causes the release of a factor into the 
solution capable of specific (transfer of con- 
tact sensitivity to DNFB. The release of this 
factor from 17-day cells appears to be com- 
plete since nleither whole cells nor sank ex- 

tracts will transfer following incubation. After 
incubation, 13-day whole cells will transfer, 
yet sonic extracts of 13-day cells fail to tram- 
fer before or after incubation. The transfer 
factor is also relleased from 13-day ceS in the 
presence of the specific DNP-protein con- 
jugate, and in this case again, the r d e  ap- 
pears complete. DNP-protein conjugate d m  
not cause the release of transfer factor from 
17-day cells, nor does incubation in the 
presence of the conjugate interfere with transe 
fer capability of the whole cell or, possibly, of 
the sonic extract as seen in one experiment. 
T'ynsfer factor, when released, is specific and 
does not possess reactive capacities associated 
with classical antibody. 
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