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ABSTRACT 

Attempts to establish delayed-type hypersensitivity in guinea 

pigs to 2, 4-DNFB and to skin homografts were conducted. Passive 

transfer experiments were subsequently performed using leucocytes 

obtained from these doubly sensitized animals. 

Groups of out-bred guinea pigs received orthotopic skin homo-

grafts from a donor guinea pig of another strain. These groups of 

guinea pigs also received topical applications of 2% 2, 4-DNFB. Peri

toneal exudative cells, lymph node cells, and alveolar cells were 

harvested, pooled and a portion transferred passively to normal re

cipients. Cell-free incubation fluids were prepared from the remain

der of the cells. These incubation fluids as well as sedimented cells 

were also transferred passively to normal recipients. The cellular 

and incubation fluid recipients were challenged subsequently with skin 

homografts from the original donor as well as skin tested with 1% 

2, 4-DNFB. 

Cells collected from all three sources consistently transferred 

homograft and chemical sensitivity. Incubation fluids, obtained from 

the three cell sources, were also effective in passively transferring 

homograft as well as chemical contact sensitivity. 
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An analysis of the incubation fluids showed a protein concen

tration ranging from 1. 2 to 3. 6 mg/ml. Immunoelectrophoretic 

studies showed that only one antigenic component was contained in 

these incubation fluids. 



INTRODUCTION 

Failure of the delayed-type hypersensitive state to fit the clas

sical antibody-centered concept of immunology led Zinsser in 1925 to 

separate the hypersensitive manifestations into delayed and immediate-

type reactions (1). These hypersensitive states differ in the method 

of induction as well as in the nature of the body's reactivity upon re-

exposure to the antigen (2). The recognized properties of the delayed-

type hypersensitive state include passive transfer of the reactive state 

by lymphoid cells but not by serum, a delay between the time of re-ex-

posure to antigen and observable reaction, and an appreciable suppres

sion of reactivity by adrenocortical hormones but not by antihistaminic 

drugs. 

Inability of investigators to demonstrate classical antibodies as 

causative agents in the delayed hypersensitive state has provoked a 

great amount of research on this complex immunologic process. This 

enigma, which precludes the continuity of antibody mediation in all 

immunologic states, has been experimentally and theoretically attacked 

by a great many individuals. The hypothesis by Karush and Eisen (3) 

of a low concentration of highly reactive antibodies is one attempt to 

explain the various delayed-type hypersensitive states. As yet, serum 

mediation of the delayed state has not been accepted, since serum 

1 
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antibody has not effected transfer of sensitivity to tuberculin (4) (5) 

egg albumin (6), dinitrochlorobenzene (7), or the homograft reaction 

(8). This failure of serum to transfer sensitivity passively led in

vestigators to study the delayed-type hypersensitivities in various 

other ways. Attempts have been made, using various model systems, 

which are designed to offer an explanation of the reaction mechanisms 

as well as an integration of these seemingly diverse immunologic 

states. 

The three systems which have been used most often for the study 

of delayed-type hypersensitivities involve skin reactive chemicals, 

tuberculin reactivity, and the homograft system. Landsteiner and 

Chase (9), showed that peritoneal exudative cells can transfer delayed-

type reactivity to chemicals. Later, Chase (10) demonstrated passive 

transfer with tuberculin sensitivity and eventually the delayed-type 

hypersensitive nature of the homograft reaction was observed (8). 

After the discovery by Landsteiner and Chase that viable white 

cells passively transferred delayed-type hypersensitivity many workers 

successfully confirmed their results. White cells from many sources 

were able to effect passive transfer. Haxthausen (12) used peritoneal 

exudative cells and thymus cells. Kirchheimer and Weiser (13) found 

spleen cells to be effective, and Stavitsky (14) found that lymph node 

cells and whole blood were satisfactory for passive transfer of tuber

culin sensitivity. The one cell type which these various cell 
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populations have in common is the lymphocyte. Gowans (15) has sug

gested that the lymphocyte may not only be the cell involved in initiating 

the delayed-type hypersensitive state, but it also may be the cell which 

is the common denominator of the immediate and delayed-type hyper

sensitivities. 

In the experiments cited above various animal species have 

been employed, but the guinea pig has been the animal of choice. Law

rence (16, 17, 18) however, has shown that the various delayed states 

and mechanisms studied in experimental animals also occur in man. 

Passive transfer of the delayed state in man is accomplished by white 

cells derived from blood. These studies imply that the delayed state 

as it occurs in man may be studied using model systems in some lower 

animals. 

With the establishment of passive transfer by white cells, in

vestigators pointed their research toward sub-cellular elements in an 

attempt to isolate the responsible factor. 

The initial work which demonstrated the feasibility for sub

cellular passive transfer was conducted by Jeter, Tremaine and See-

bohm (19). These investigators showed that an extract of sonically 

disrupted cells was effective in the passive transfer of delayed-type 

hypersensitivity to 2, 4-dinitrochlorobenzene. Subsequent studies (20) 

showed that tuberculin sensitivity could also be transferred and that 

the extracts responsible for this transfer contained an 
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electrophoretically identified alpha-globulin which was not present in 

extracts derived from normal cells. 

Many reports have appeared in the literature confirming sub

cellular passive transfer of the delayed-type hypersensitive systems. 

Representatives of these studies include Cummings, Patnode and 

Hudgins (21) with the tuberculin system, Turk (22) with picryl chloride 

and Powell (23) with homograft rejection. Extensive work has also 

been carried out with sub-cellular passive transfer in man. Lawrence 

(24,25) reported passive transfer of delayed-type hypersensitivity to 

tuberculin and streptococcal M substance by freeze-thaw and distilled 

water caused lysat.es of peripheral blood white cells. 

Although success has been reported with passive transfer of the 

delayed-type hypersensitive state using sub-cellular fractions of 

lymphoid cells, these experiments have not gone unchallenged. Bloom 

and Chase (26), in their extensive report on the delayed-type hypersen

sitivities, have pointed out various experimental improprieties which 

may have led investigators to draw erroneous conclusions. They also 

found it impossible to find any passive transfer to tuberculin or 

2, 4-dinitrochlorobenzene in 128 recipients of cellular extracts. Brent, 

Brown, and Medawar (27), in their quantitative study on the homograft 

mechanism, also found that no passive rejection of test grafts was 

effected by any extracts of disrupted lymphoid populations. Negative 

reports of this magnitude combined with retractions of results by 
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some authors (28, 29) have raised doubts that sub-cellular passive 

transfer is possible. 

In all the experiments described, animals have been employed 

which were sensitized to a single antigen. This approach has been 

used because only one experimental variable was desired. However, 

various reports in the literature have established the existence of 

delayed-type hypersensitivity to more than one antigen. Lawrence (30), 

demonstrated passive transfer of delayed-type hypersensitivity to both 

tuberculin and diphtheria toxoid in human beings. He also showed the 

selective elimination of one of these states. This may imply that in

formation as to the hypersensitive response is limited to one antigenic 

response per cell. Chase (26) has mentioned the establishment of dual 

hypersensitivity in guinea pigs without reference to passive transfer. 

The use of Mycobacterium tuberculosis in Freund's adjuvant as a means 

of inducing delayed-type hypersensitivity to proteins implies dual 

sensitivity. Recently Asherton and Loew: (31) found that when guinea 

pigs were rendered hypersensitive to bovine gamma-globulin by means 

of Freund's adjuvant, delayed-type hypersensitivity was found to occur 

to both bovine gamma-globulin and tuberculin. In both cases, strong 

skin reactivity was observed. However, passive transfer of this dual 

sensitivity showed strong reactivity to the tuberculin but weak reactions 

to the serum proteins. 
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The purposes of the experiments described in this dissertation 

are: (1) to demonstrate the feasibility of establishing a simultaneous 

delayed-type hypersensitive state in the guinea pig using two different 

sensitization procedures; (2) to determine whether subsequent passive 

transfer under these conditions can be effected with cellular extracts 

or their products as well as with whole cells; and (3) to attempt to 

determine the nature of the transfer material(s). 



MATERIALS AND METHODS 

Animals 

Two strains of outbred guinea pigs, the Amana and Rockefeller 

strains, male and female, obtained from departmental colonies, were 

employed in this study. The animals weighed 500-800 grams and were 

maintained on a diet of Wayne guinea pig chow. Supplemental rations 

of fresh cabbage and water containing vitamin C were supplied daily. 

New Zealand male albino rabbits weighing between 2.5-4. 0kg 

were also employed in this study. They were maintained on Purina 

pellets and water ad libitum.. 

Sensitization to chemical 

One-fluoro•• 2, 4 - dinitrobenzene (Eastman) was recrystallized 

three times from 95% ethanol in the cold. Recrystallized 1-fluoro-2, 4-

dinitrobenzene (2, 4--DNFB) was dried in a vacuum desiccator contain

ing Drierite for a period of one week prior to use. Guinea pigs were 

sensitized to 2, 4--DNFB by the topical sensitizing procedure of Jeter 

2 
(19). An area of hair approximately 25 cm was clipped from the back 

of the neck of each guinea pig. Five drops of a 2% solution of 2, 4-

DNFB in 95% ethanol were deposited daily for six days at the nape of 

the neck. The 2, 4-DNFB was rubbed into the skin using a fire polished 

glass rod. 

7 
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Skin T ests 

Skin tests for the detection of delayed-type hypersensitivity to 

2, 4-DNFB were performed with solutions of 2, 4-DNFB in olive oil on 

the flank of the animals. The test area was clipped free of hair and 

wiped with cotton moistened with ether prior to application of chemi

cals. One drop of varying dilutions of 2, 4-DNFB was dispensed by a 

Pasteur pipet on individual areas. Each drop was gently rubbed upon 

2 
the skin using a glass rod and confined to an area approximating 9 cm . 

Observations were made 4 and 18 hours after testing. The results of 

the skin testings were read after 18 hours and recorded as follows: 

0 no reaction; 1+ patchy erythema; 2+ homogenous erythema; 3+ homo

genous erythema, raised; 4+ homogenous erythema, raised and defined. 

No reactions were observed when guinea pigs were skin tested 

with plain olive oil. 

Skin T ransplantation 

The grafting technique employed was similar to that of Billing-

ham and Medawar (32) as utilized by Siebeling (33). Guinea pigs em

ployed as skin donor and recipients were anesthetized with sodium 

nembutal injected intra-abdominally. The abdominal area of the skin 

donor and the left and right scapular areas of the skin recipients were 

clipped and shaved free of hair. The shaved skin surfaces were then 

washed with 2% Amphyl and wiped dry with 70% alcohol. 
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Sufficient abdominal donor skin was removed for 32 individual 

grafts which were approximately 1 cm square. The donor skin deficit 

was closed with metal wound clips. The skin removed from the donor 

was then trimmed of excess fat and connective tissue which were ad

hering to the under surface of the skin strips. Each strip was cut into 

individual grafts and these were stored, raw surface down, on filter 

paper soaked with Hanks' balanced salt solution (HBSS) (34). 

Each of the 16 graft recipients, comprising the experimental 

group, received two sensitizing skin homografts from the test donor. 

The grafts were placed orthotopically into recipient beds prepared 

laterally on each side upon the rib cage posterior to the scapular area. 

The beds which received the grafts were prepared by surgically re

moving a square of skin which approximated the size of the graft which 

eventually replaced it. In all cases, care was taken to leave the pan-

niculus dorsum intact so that ample blood supply could be established 

to the graft. The graft was held in place with a strip of 3-M Blenderm 

surgical tape, which was applied directly over the graft and surround

ing area. No sutures were employed as the tape provided adequate 

pressure to prevent slippage and dehydration of the graft. Gauze pads 

were placed immediately over the taped transplant and the animal was 

wrapped with surgical tape to secure and protect the graft site. 

Each graft was inspected daily after the fourth day of transplan

tation to insure that an adequate take was effected and that the normal 



rejection scheme occurred. The grafts were inspected for changes 

in color, integrity of epidermis and dermal layers, and ability to 

produce bleeding upon scraping with a scalpel blade. Only gross ex

aminations were made. 

Passive Transfer Procedure 

Fourteen days following transplantation, which is also 7 or 14 

days following initial chemical sensitization depending on the experi

mental plan, passive transfer of peritoneal exudate cells, lymph node 

cells, and alveolar cells was performed. Collection of peritoneal and 

lymph node cells was according to the method of Jeter, Tremaine and 

Seebohm (19). Alveolar cells were collected by the procedure of Myr-

vick (35). Two days before collection of cells, each sensitized guinea 

pig received 20-25 ml of sterile light mineral oil injected into the 

abdominal cavity. 

On the day of collection the animals were sacrificed by cervi

cal fracture. The abdominal cavity was washed three times with 

Hanks' balanced salt solution containing Heparin in a concentration of 

2 mg per liter. The peritoneal washings were centrifuged at 500 x g 

for 20 minutes at room temperature. The collected cells were pooled, 

washed with HBSS, and centrifuged as above. Packed cell volumes 

were determined, total cell counts performed, and differential smears 

prepared and stained by the Supravital technique (36) and with Giemsa 

stain. 



Lymph nodes were collected from regional areas. Fat and 

connective tissue were trimmed away from each node. The nodes 

were then placed on a small mesh stainless steel screen which rested 

on a mortar. The nodes were finely minced with scissors and the cells 

washed from the lymph node debris with HBSS. The minced lymph 

node pulp was further freed of cells by expressing the pulp through 

the screen. The resulting cell suspension was centrifuged at 500 x g 

for 20 minutes. The cell sediment was pooled, washed once, and re-

centrifuged. Packed cell volumes were estimated, total leucocyte 

counts performed, and differential smears prepared and stained by the 

Supravital technique and with Giemsa stain. 

Cells collected from the lungs were obtained by alveolar lavage. 

The lungs from each guinea pig were washed with 20 ml of HBSS. The 

resulting cells were centrifuged at 500 x g, washed once, and again 

centrifuged. Total as well as differential cell counts were performed. 

For the eventual derivation of a cell-free substance with poten

tial passive transfer properties the following procedure was adhered to. 

Following the first wash of the cells the packed volume was determined 

and HBSS was added in the ratio of 1 ml packed cells to 6.5 ml HBSS. 

A portion of this cell suspension was immediately withdrawn for the 

whole cell passive transfer phase of the experiment. The remainder 

of the cells was incubated at 37 C for 4 hours with periodic agitation. 

At the end of this time interval the cells were centrifuged at 500 x g 



for 20 minutes. The supernatant portion was decanted and the sedi-

mented cells resuspended and injected into recipient guinea pigs. The 

supernatant fluid was further clarified by centrifugation at 1200 x g 

for 20 minutes. Decanted liquid was injected into recipient guinea 

pigs with a portion being saved for further analysis. For each experi

ment 9 recipient guinea pigs were used to detect passive transfer of 

delayed-type hypersensitivity. Three animals were used for the zero-

time whole cell sources, 3 animals for the cell free supernatant fluids, 

and 3 animals for the whole cells remaining after the 4-hour incubation. 

Cells as well as incubation fluids were injected intra-abdominally. 

Cell and supernatant fluid recipients were of the same strain 

as the cell donors, and weighed approximately 500 grams. Forty-

eight hours after receiving the cells or supernatant fluids the recipients 

were tested for delayed-type reactivity to 2, 4-DNFB and homograft re

jection. The recipients were grafted by the technique outlined above 

with the following exceptions. Three grafts were placed one cm apart 

along the mid-dorsal line of the recipients backs. The grafts consis

ted of a challenge graft from the originial skin donor, a control auto

graft from the recipient's abdomen, and a control homograft from an 

animal genetically unrelated to the original skin donor. The grafts 

were inspected on the fourth through ninth day following placement. 

Chemical reactivity was determined by placing one drop of a 1% solu

tion of 2, 4-DNFB in olive oil to the shaved flank of the recipient. This 

skin test was recorded 18 hours after initial application. 
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Antibody Production 

To determine the presence of antigenic substances released by 

the cells after incubation in HBSS for four hours, supernatant fluids 

from each of the three cell sources were used for the immunization of 

rabbits. 

Twenty-three guinea pigs of both sexes were painted with 2, 4-

DNFB for six days, their peritoneal exudate, lymph node, and alevolar 

cells collected, and incubation fluid from each cell source obtained. 

One-half the amount of supernatant fluid collected was injected intra-

abdominally into recipient guinea pigs to test for passive transfer 

activity and the remaining portions were injected into rabbits to elicit 

antibody production. The incubation fluid obtained from the peritoneal 

exudate cells was injected intravenously according to the following 

schedule: day 1 2 ml, day 3 3.5 ml, day 6 5.0 ml, and day 9 

7. 5 ml. This rabbit was exsanguinated one week later and the serum 

stored at -20 C. The supernatant fluid obtained from the alveolar and 

from the lymph node cells were incorporated into Freund's incomplete 

adjuvant and injected into rabbits subcutaneously. These rabbits were 

exsanguinated 5 weeks later and the collected serum stored at -20 C. 

Incubation Fluid Analysis 

A small portion of each of the incubation fluids derived from 

each of the three cell sources from each experiment was saved for 



14 

partial analysis. Total protein was determined by the Biruet method 

as outlined by Campbell et al (37). Spectophotometric profiles of the 

incubation fluids were obtained, using a Bausch and Lomb Spectronic 

600, for the wavelength range of 200-400 m/u and adsorbancy ratios at 

280 mju to 260 mju were calculated. 

Immunoelectrophoretic studies were performed using the LKB 

6800 A apparatus. The technique employed was that as outlined in the 

LKB manual which is a modification of the method introduced by 

Schediegger (38). Veronal buffer pH 8. 6 with an ionic strength of 0. 1 

was employed. Current was applied for one hour and after addition of 

antiserum the immunoprecipitate contained in the agar gel was stained 

with amido blue-black aniline dye. 



EXPERIMENTAL RESULTS 

Two methods of initiating delayed-type hypersensitivity were 

employed to answer questions regarding passive transfer of dual sen

sitivity by lymphoid cells, to eliminate doubt of sub-cellular passive 

transfer, and to determine if there were some measurable parameters 

which would show the effect of active and passive hypersensitivity of a 

dual nature. The two methods employed for initiating delayed-type 

hypersensitivity were treatments A and B. 

Table 1 shows the effectiveness of passive transfer of delayed-

type hypersensitivity in guinea pigs to two sensitizing agents adminis

tered under different time schedules. The groups of animals which 

received treatment A were grafted and painted with 2, 4-DNFB on 

experimental day 1 with the painting being continued through day 6. 

All cells were collected on day 15. None of the cell donors showed 

less than a 2+ reaction to 2, 4-DNFB on day 13 and all of the grafts 

were completely rejected at this time. As can be seen from this table 

unquestioned reactivity to both chemical and homograft was passively 

acquired in all recipients with all of the lymphoid cell sources. This 

was also the case with the animals used in experimental treatment 

group B. Treatment B consisted of the donor animals receiving grafts 

on experimental day 1 but not being painted until experimental day 8. 



TABLE 1. - -Passive Transfer with Whole Cells Without Incubation. 

1 2 3 
PEC Recipients LNC Recipients ALV Recipients 

Treat Cells Chem. ̂  T. X 5 
Fate Cells Chem. Fate Cells Chem. Fate 

ment received react. of received react. of received react. of 
x 109 Graft x 109 Graft x 109 Graft 

A6 1. 1 3+ Rej. 0. 7 3+ White 0. 1 2+ Rej. 

A 1. 3 2+ White 0. 8 3+ White 0. 12 3+ Rej. 

A d8 d d 0. 7 3+ White 0. 0 2+ Rej. 

A 1. 3 3+ White 0. 8 3+ White 0. 3 2+ Rej. 

B7 1. 6 3+ White 0. 7 4+ White 0. 2 3+ White 

B 1. 2 3+ White 1. 00 4+ White 0. 18 2+ White 

B 1. 4 3+ White 1. 00 3+ Rej. 0. 13 3+ White 

1 2 3 
PEC--Peritoneal exudative Cells; LNC--Lymph Node Cells; ALV--Alveolar Cells. 

4 
Dermal reactivity to 1% 2, 4-DNFB in (olive oil, graded as follows: 1+--patchy erythema; 2H—homo
genous erythema; 3H—homogenous erythema, raised; 4+--homogenous erythema, raised and defined. 

5 
Fate of graft observed 4, 5, 6 and 7 days after test graft challenge. 

6 
Graft applied day 1 and 2, 4-DNFB applied day 1-6. 

7 
Graft applied day 1 and 2, 4-DNFB applied day 8-13. 

g 
Recipient died before completed observations. 



In all cases, the cells were injected as soon as the final suspension 

of cells for incubation was prepared and these were termed zero-time 

cells. The donor to recipient cell ratio in these experiments was ap

proximately 4:1. 

The reactivity of recipients receiving cell-free incubation fluid 

is depicted in Table 2. These incubation fluids were obtained by in

cubating cells, derived from sensitized donors, in HBSS for 4 hours. 

As is evident from this table, delayed-type hypersensitivity was pas

sively transferred to recipient guinea pigs by cell-free incubation fluids. 

Incubation fluids derived from the cells of donor animals which had 

received treatment A showed in all cases the ability to cause chemical 

reactivity as well as graft rejection either in the form of accelerated 

rejection or white graft rejection of the test graft. Incubation fluids 

derived from the cells of donor animals which had received treatment 

B, however, yielded results which were at variance with those of 

treatment A. Chemical reactivity was again transferred in all cases. 

The test homografts,however, were not affected in any of the incubation 

fluid recipients. 

Table 3 shows the results of passive transfer with the various 

cell populations which had been used in production of the incubation 

fluids. These cells were held at 37 C for 4 hours to produce the incu

bation fluid. After the initial centrifugation to collect the supernatant 

fluid, the cells were resuspended and injected into recipient guinea pigs. 



TABLE 2. --Passive Transfer with Cell-Free Incubation Fluid. 

PECS1 Recipients LNCS2 Recipients ALVS3 Recipients 

Treat
ment 

Total WBC4 

count 
x 109 

Chem.j. 
react. 

Fate 
of® 

Graft 

Total WBC 
count 
x 109 

Chem. 
react. 

Fate 
of 

Graft 

Total WBC Chem. 
count react, 
x 109 

Fate 
of 

Graft 

A7 2. 2 2+ Rej. 1. 4 3+ Rej. 0. 2 2+ Rej. 

A 2. 6 3+ Rej. 1. 6 2+ White 0. 24 2+ White 

A 3. 2 2+ Rej. 1. 4 3+ White 

00 o
 2+ White 

A 2. 6 3+ White 1. 6 2+ Rej. 0. 6 2+ Rej. 

B8 3. 2 2+ Survival 1. 4 2+ Survival 0.4 1+ Surviv 

B 2.4 2+ U 2.0 3+ 11 CO 0
0
 d

 2+ 11 

B 2. 8 2+ ! 1 2.0 2+ 11 0. 26 2+ U 

PECS--incubation fluid derived from peritoneal exudative cells 

'LNCS--incubation fluid derived from lymph node cells 

5ALVS--incubation fluid derived from alveolar cells 

^Total number of white blood cells incubated for 4 hours in Hanks' Balanced Salt Solution 

^Dermal reactivity to 1% 2, 4-DNFB in olive oil, graded as follows: l+--patchy erythema; 2+--
homogenous erythema; 3+ homogenous erythema, raised; 4+ homogenous erythema, raised and 
defined 

8 

Fate of graft observed 4, 5, 6 and 7 days after test graft challenge 

^Graft applied day 1 and 2, 4-DNFB applied day 1-6 

Graft applied day 1 and 2, 4-DNFB applied day 8-13 

oo 



TABLE 3. --Passive Transfer with Whole Cells after Incubation. 

LNC^Recipients ALV^Recipients 

Treat Cells Chem.4 Fate5 Cells Chem. Fate Cells Chem. Fate 
ment received react. of received react. of received react. of 

x 109 Graft x 109 Graft x 109 Graft 

CO <
 2. 2 2+ Rej. 1. 4 2+ Rej. 0. 2 0 Rej. 

A 2. 6 2+ Rej. 1. 6 0 Rej. 0. 24 2+ White 

A 3.2 2+ Rej. 1. 4 2+ Rej. 0. 18 0 Rej. 

A 2. 6 2+ Rej. 1.6 2+ Rej. 0. 6 2+ Rej. 

B7 3. 2 0 Survival 1.4 1+ Survival 0.4 0 Survival 

B 2.4 2+ 11 2.0 3+ M 0. 36 2+ 11 

B 2. 8 2+ 11 2. 0 2+ M CO <N O
 0 11 

1 2 3 
PEC--Peritoneal exfidative Cells; LNC--Lymph node cells; ALV--Alveolar cells 

4 Dermal reactivity to 1% 2, 4-DNFB in Olive oil, graded as follows: 0--no reaction; l+--patchy 
erythema; 2+--homogenous erythema; 3+--homogenous erythema, raised; 4+ - -homogenous 

,.erythema, raised and defined. 
Fate of graft observed 4, 5, 6 and 7 days after graft challenge. 

g 
Graft applied day 1 and 2, 4-DNFB applied day 1-6. 

7 
Graft applied day 1 and 2, 4-DNFB applied day 8-13. 



Passive transfer was accomplished by these cells to both chemical and 

graft sensitivity in the treatment A groups. However, this dual pas

sive transfer was not of a high degree in the chemical reaction, and in 

only one case was white graft rejection accomplished. This lessened 

reactivity is quite evident even though the cell numbers injected into 

recipients were of donor to recipient ratios approaching 11:1. The 

treatment B groups also showed a decreased capacity for transfer of 

chemical sensitivity, and like the incubation fluids, were not effective 

in causing graft rejection. 

A summary of the results of the various passive transfer ex

periments is presented in Table IV. It can be seen from this table 

that passive transfer to both chemical and graft sensitivity was trans

ferred with the zero-time whole cells in 20 cases with no failures. It 

is also evident from the table that passive transfer by cell free incu

bation fluid was successful. The only notable exception to this success 

was the failure of passive transfer of graft sensitivity by incubation 

fluid derived from donor animals which had undergone treatment B. 

The cells remaining after 4-hour incubation were effective in passive 

transfer, but at a lower rate. Also, as was the case with the incuba

tion fluids, these cells were not effective in transferring graft sensitiv

ity when obtained from animals sensitized by treatment B. 

The primary purpose of this work was to demonstrate passive 

transfer of delayed-type hypersensitivity by whole cells and by a cell 
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TABLE 4. - -Summary of Passive Transfer Experiments. 

Source of Cells 

„ * j PEC . LNC ALV 
Material utilized ^ „ 
for transfer Chem. Graft Chem. Graft Chem. Graft 

Whole cells, ^ 
pre-incubation 6/6^ 6 / 7/7 7/7 7/7 7/7 

Incubation fluid 7/7 4/7 7/7 4/7 6/7 4/7 

Whole cells, post-
incubation 6/7 4/7 6/7 4/7 3/7 4/7 

PEC--Peritoneal exudative Cells, LNC-Lymph node cells, 
ALV--Alveolar cells 

*Cell donors sensitized by topical application of 1% 2 ,  4-DNFB 

2 
Cell donors sensitized by homologous graft 

No. of recipients exhibiting at least a 2-plus reaction to 1% 2, 4-
DNFB out of total number tested 

^No. of Recipients exhibiting a white graft or accelerated rejection out 
of total number tested 
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free medium. Indications of the cell type involved in whole cell trans

fer, however, might be obtained from an analysis of cell types obtained 

from doubly sensitized animals. Information might also be obtained 

concerning the cell type involved in the production of the substance 

responsible for cell-free passive transfer. In Table 5 is presented a 

differential analysis of the cell types obtained from three different 

sources. In all cases, the counts obtained for the various cell sources 

remained relatively constant regardless of sensitizing treatment. 

This was true even though in treatment B the second antigenic stimu

lus was not given until Day 8. 

In an attempt to gain some information about the properties of 

the incubation fluids responsible for passive transfer, the studies as 

listed in Table 6 were performed. 

The protein concentrations obtained from the various incubation 

fluids ranged from a high of 3. 6 mg/ml to a low of 1. 2 mg/ml. The 

incubation fluids obtained from the alveolar cells gave a somewhat 

higher protein concentration than did the incubation fluids obtained 

from lymph node or peritoneal exudative cells. Since a great many of 

the cells obtained from the alveolar lavage procedure are red blood 

cells, this higher protein concentration may be due in part to a contri

bution of protein by the red blood cells and/or some influence of the 

red blood cells on white cell metabolism. 
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TABLE 5. - -Differential Analysis of Leucocytes by Supravital 
Stain. 

Treatment Source of 
Cells M. L. L. S. L. P. E, 

u  PEC 51 19 26 3 1 
A LNC 18 82 

ALV 54 30 14 2 

PEC 54 14 22 10 
A LNC 13 87 

ALV 51 36 10 3 

PEC 56 20 17 6 1 
A LNC 24 75 

ALV 58 28 14 

PEC 49 25 20 6 
A LNC 22 78 

ALV 51 32 16 1 

• PEC 56 22 11 10 2 
B LNC 20 80 

ALV 48 42 10 

— PEC 49 29 17 5 
B LNC 24 76 

ALV 56 30 14 

PEC 53 21 18 8 
B LNC 17 83 

ALV 50 39 11 

M. - -Macrophage, L. L. - -Large Lymphocyte, S. L. - -Small Lymphocyte 
P. - -Neutrophil, E. - -Eosinophil 

PEC--Peritoneal Exudative Cells, LNC--Lymph Node Cells 
ALV--Alveolar Cells 

#--Graft applied day 1 and 2, 4-DNFB applied day 1-6 

*--Graft applied day 1 and 2, 4-DNFB applied day 8-13 
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TABLE 6. - -Biochemical Analysis of Incubation Fluids. 

Treatment Source Protein Cone. 260/280 m/u 
* 

Imm. Com. 
of mg/ml ratio 

Cells 

1 PEC 2. 4 1. 14 1 
A LNC 2. 2 1. 42 1 

ALV 3. 0 1. 05 1 

PEC 2 . 8  1. 07 1 
A LNC 3. 2 1. 49 1 

ALV 3 . 2  0. 93 1 

PEC 3 . 2  1. 08 1 
A LNC 1. 4 1. 42 1 

ALV 2 . 6  0. 95 1 

PEC 3 . 0  0. 95 1 
A LNC 2 . 7  1. 42 1 

ALV nd 1. 02 nd 

o PEC 1. 7 1. 04 1 
B LNC 1 . 9  1. 44 1 

ALV 3. 6 1. 04 1 

PEC 2 . 0  0. 98 1 
B LNC 1 . 8  1. 26 1 

ALV nd 1. 05 nd 

PEC 3. 0 o
 

0
0

 
C

O
 

1 
B LNC 1. 2 1. 42 1 

ALV 2. 2 0. 83 1 

* Graft applied day 1 and 2/4- DNFB applied day 1-6 
2 
Graft applied day 1 and 2 ,  4-DNFB applied day 8-13 

Number of immunoelectrophoretic components 

LNC-- Lymph node cells 
ALV--Alveolar Cells 
PEC--Peritoneal exudative cells 
nd--not done 
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The 260/280 m/n absorbancy ratio for the incubation fluids, 

also given in Table 6, gives some indication of the relative amounts 

of nucleic acid and protein contained in the incubation fluids. The 

ratios show consistent values for each cell source with the incubation 

fluid obtained from the lymph node cells giving a greater concentration 

of nucleic acids. This greater concentration of nucleic acid was un

doubtedly due in part to the method of lymph node cell collection. 

The last column in Table 6 shows the antigenic components of 

the incubation fluids. The antiserum used for the detection of the 

antigenic components was rabbit anti-lymph node cell incubation fluid 

and rabbit anti-peritoneal cell incubation fluid. These antisera were 

obtained by immunization of rabbits with incubation fluid from guinea 

pigs sensitized to 2, 4-DNFB. The portion of the incubation fluids not 

used for immunization when used for passive transfer caused 4-plus 

reactions in the recipient guinea pigs. These antisera showed only one 

immunoelectrophoretic component in the incubation fluids which anti-

genically cross reacted with normal guinea pig serum. Furthermore, 

rabbit anti-guinea pig serum, prepared previously (39), also reacted 

with the incubation fluids. With rabbit anti-guinea pig serum,again 

only one immunoelectrophoretic component was observed. The migra

tory rate and band of reactivity of the precipitate bands was not unlike 

that of serum alpha-globulin. However, definite assignment to protein 

type was not possible. 



DISCUSSION 

Most studies about delayed-type hypersensitivity have been 

directed toward an understanding of the processes by which white cells 

and their products are involved in the overall process of sensitization 

reaction. Many of these studies were carried out with procedures not 

currently acceptable. Recent investigations have become more sophis

ticated as biochemical procedures have developed greater sensitivity. 

Since populations of white cells consisting of only one type are 

as yet not attainable, most studies give only indirect proof of the in

volvement and reactions of a specific cell type. 

The activity of leucocytes from three sources was tested for 

passive transfer capabilities. Cells derived from peritoneal exudates, 

lymph nodes, or alveoli were fully capable of transferring delayed-

type hypersensitivity to 2, 4-DNFB and homografts. Although the 

minimal number of cells necessary was not determined, passive trans

fer of delayed-type hypersensitivity to both sensitizing substances did 

not seem to tax the passive transfer systems. 

Although no problems were expected in the whole cell transfer 

of dual sensitivity, we thought that perhaps an indication of cell type 

involvement could be attained. Turk (40) and also Dumonde (41) have 

conducted experiments dealing with the cytology and role of various 

26 
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cell types in hypersensitivity. Their studies give indications of a 

shift in cell type during chemical sensitization. However, an analysis 

of the differential counts obtained in this study does not show a change 

in cell type percentages when the results of the two treatments are 

compared^ 

The passive transfer by cell-free incubation fluids, demonstra

ted in this work appear to reaffirm the historical study of Crepea and 

Cooke (42) as well as those studies presented by Guthrie (43) and 

Burger (39). 

Most experiments dealing with cell-free material have been 

criticized quite frequently because of the difficulty in the interpretation 

of past-passive transfer skin tests (26). In this investigation normal 

guinea pigs skin tested with 1% 2, 4-DNFB showed at most a reaction 

less than one plus with most animals exhibiting a negative or zero 

reaction. This lack of reactivity of randomly selected normal guinea 

pigs, coupled with the high degree of reactivity in those recipients 

receiving the incubation fluids should eliminate some of the doubt that 

has been raised. Furthermore, since graft sensitivity of white graft 

rejection potential could be transferred concurrently with chemical 

sensitivity, greater acceptance of cell-free passive transfer as an ex

perimental fact might be expected. 

In the reports by Lawrence (44), concerning the properties of 

the cell-free lysate responsible for passive transfer of delayed-type 



28 

hypersensitivity in human beings, indications have been given that the 

molecule responsible is of low molecular weight, dialysable, non-

proteinaceous, and exhibiting a 260/280 m/u absorbancy ratio of 0. 7. 

In the experiments reporting positive passive transfer with sub-cel

lular fractions in guinea pigs, different descriptions have been attained. 

Powell (45) has indicated that the cell-free material, obtained by the 

lysis of frozen and thawed cells, is non-dialyzable, subject to enzymatic 

destruction by trypsin but not by Desoxyribonuclease or Ribonuclease, 

and consequently of high molecular weight. 

The biochemical analysis performed on the 4-hour, cell-free 

incubation fluids do agree with the concept of a protein-caused passive * 

transfer. Protein concentration of the incubation fluids ranged from 

1.2 to 3. 6 mg/ml and antigenic analysis of the incubation fluids indi

cate only one antigenic type of protein. 

The 260/280 rrgn absorbancy ratios do not seem to give any infor

mation as to the passive transfer capabilities of the incubation fluids 

and the ratios obtained are probably more a function of the method of 

cell collection. 

Immunoelectrophoretic analysis of the incubation fluids indicates 

that with any of the cell populations, only one detectable protein is pro

duced. Experiments by Rothman (46, 47, 48), also show that only one 

protein may be responsible for passive transfer. While the analogy is 

present it is not possible to assign passive transfer properties to this 
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protein. This is especially true since incubation fluids derived from 

cells of normal and sensitized animals yield an identical immunoelec-

trophoretic band. Since the protein is present in all cases, antigenic 

proof of a passive transfer capacity for the protein is not possible. A 

parallel situation is seen, however, with gamma-globulin produced by 

plasma cells in which antibody specificity cannot be demonstrated by 

antigenic analysis using available techniques. 



SUMMARY 

Delayed-type hypersensitivity was established simultaneously 

in guinea pigs to 2, 4-DNFB and to skin homografts. ^Passive transfer 

experiments were performed using leucocytes obtained from these 

doubly sensitized animals. Peritoneal exudative, lymph node, and 

alveolar cells were all effective in passively transferring delayed-type 

hypersensitivity to recipient animals. Cell-free incubation fluids 

obtained from the aforementioned cells were also capable of effecting 

passive transfer in recipient animals to both of the sensitizing agents. 

Studies are also presented which indicate that the active substance in 

the incubation fluids is proteinaceous. 
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