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TO STREPTOCOCCALM SUBSTANCEANDTO TUBERCULIN

WITH DISRUPTEDLEUCOCYTES1, 2

By H. SHERWOODLAWRENCE
(From the Department of Medicine, New York University College of Medicine, and the Third

(NYU) Medical Division, Bellevue Hospital, New York, N. Y.)

(Submitted for publication August 2, 1954; accepted October 13, 1954)

It is possible to transfer regularly immunologi-
cally specific, generalized skin sensitivity of the de-
layed type to tuberculin in animals (1, 2) and in
human subjects (3, 4) by means of an injection
of leucocytes obtained from sensitive donors.

The cellular transfer system has been applied
to the study of the streptococcal hypersensitive
state in human subjects (5, 6) and the results
parallel those obtained with tuberculin as the test
material.

In the human subject the induced tuberculin
skin sensitivity following leucocytic transfer is,
in many respects, similar to that which occurs
spontaneously following infection with the tubercle
bacillus-namely, it is immunologically specific;
it involves the entire skin of the recipient wher-
ever tested; it is frequently as marked in intensity
and occasionally maximal skin sensitization of the
recipient has been accompanied by a systemic re-
sponse.

The tuberculin sensitive state following cellular
transfer differs from that occurring spontaneously,
in that sensitization of some recipients by the
former method may be evanescent and disappear
entirely in a matter of days or weeks. However,
many recipients following cellular transfer may
remain sensitized for six to eight months and a
few for as long as one year."

A similar parallelism between the spontaneous
skin sensitivity to streptococcal materials and that
induced following cellular transfer cannot be
drawn because there is no clear demonstration in
man that the acquisition of positive skin reactions

1Conducted under a contract recommended by the
Commission on Streptococcal Diseases, Armed Forces
Epidemiological Board, Office of the Surgeon General,
U. S. Army.

2 Presented in part at the Forty-Sixth Annual Meeting
of the American Society for Clinical Investigation, At-
lantic City, New Jersey, May 4, 1954.

8 Observations made on recipients subsequent to publi-
cation of References 3 and 5.

to streptococcal materials with age is directly re-
ferable to a specific hemolytic streptococcal in-
fection (7).

The known factors which appear to condition
the degree and the duration of the sensitive state
following transfer, are the degree of sensitivity of
the leucocyte donor and the amount of the leuco-
cytes used. Moreover, leucocytes obtained from
non-sensitive donors have not induced sensitization
of the recipient.

In each of the studies on delayed bacterial sen-
sitivity cited above, the leucocytes used have been
intact and viable. In animals treatment of the
leucocytes by freezing and thawing has consistently
abolished the capacity to transfer delayed sensi-
tivity to tuberculin (1, 2) and the treatment of the
leucocytes by freezing and thawing (2, 8) or dis-
tilled water lysis (8) has also abolished the ca-
pacity to transfer serum antibody. Recently, suc-
cessful transfer of contact sensitivity of the de-
layed type to 2, 4-dinitrochlorobenzene has been
reported in animals using leucocytes disrupted by
sonic vibration; however, attempts to extend this
observation to other delayed sensitivities, including
tuberculin sensitivity, were stated to be without
success (9).

It is the purpose of this report to present data
which indicate in the human, that successful trans-
fer of delayed skin sensitivity to tuberculin and to
partially purified preparations of the streptococcal
M substance can be achieved regularly with sus-
pensions of leucocyte components liberated, either
by repeated freezing and thawing or by distilled
water lysis. In addition the treatment of such dis-
rupted leucocyte suspensions with the enzymes
desoxyribonuclease (DNase)4 or ribonuclease
(RNase),' respectively, did not diminish the ca-

4The abbreviations DNase for desoxyribonuclease,
DNA for desoxyribonucleic acid, RNase for ribonu-
clease, and RNA for ribonucleic acid are used in this
report.
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pacity to induce sensitization of the recipient to
tuberculin.

MATERIALS ANDMETHODS

Isolation of leucocytes

Detailed descriptions of the technic of leucocyte iso-
lation have been reported (3, 5). Briefly, the leucocytes
are isolated from the heparinized venous blood of ap-
propriately sensitive donors following the acceleration
of the erythrocyte sedimentation rate with bovine
fibrinogen, Fraction I (Armour). The supernatant
plasma suspension of leucocytes is collected and centri-
fuged,5 the plasma pipetted off and the isolated leuco-
cytes pooled.

Repeated washing of the pooled leucocytes, to elute
contaminating erythrocytes and traces of plasma, was
not carried out in this study since it was shown in ear-
lier studies that neither erythrocytes, nor plasma, nor
serum, but only leucocytes, and only those obtained from
markedly sensitive donors, were capable of inducing de-
layed sensitivity (3, 5). Attention is paid to the yield of
leucocytes, since it has been observed that if the chal-
lenging skin test material is injected at a site remote
from the site of leucocyte injection, then at least 0.1 cc.
Of leucocytes are required for the successful transfer of
generalized delayed sensitivity (3, 5, 6). For the ex-
periments to be described 120 to 180 cc. of blood is em-
ployed with an approximate yield of 0.3 to 0.6 cc. leuco-
cytes for each transfer.

Treatment of leucocytes
The pooled leucocytes are treated by one of the fol-

lowing procedures, and the progress of leucocyte dis-
ruption is followed to its completion by parallel giemsa
and Feulgen stained (10) smears.

1. Distilled water lysis. For complete lysis of the
cell population in a pool of 0.3 to 0.6 cc. leucocytes, at
least 1 to 2 cc. of distilled water for each 0.04 cc. leuco-
cytes is necessary. For 0.4 cc. leucocytes this would
amount to a 10 to 12 cc. solution, which is then placed in
a 37° C. water bath for two to four hours with frequent
agitation by pipetting to insure adequate contact and to
break up the floccules of nucleoprotein.

Microscopic observations made during the course of
leucocytolysis indicate that this procedure results initially
in the rupture of the cell membrane with leakage of the
cytoplasmic components into the supernatant portion of
the solution. Subsequently the nuclear membrane rup-
tures and the nuclear material unravels into skeins of a
viscous sediment. The latter takes on a purple color
when stained by the Feulgen method and is Feulgen-
positive, indicating the presence of highly polymerized
Desoxyribonucleic acid (DNA) for which this stain is

5The gentle centrifugation, important for the isola-
tion of intact, viable cells, was replaced in this study with
centrifugation for 5 minutes at 1,000 RPMand 10 min-
utes at 2,600 RPM.

specific (11). The cytoplasmic material in the super-
natant is colored green and is Feulgen-negative. In the
skeins of nucleoprotein sediment there are caught what
appear to be Feulgen-negative cytoplasmic ghosts from
which the nucleus has been extruded en masse or from
which the nuclear material has been leached in the lytic
process. There is usually no Feulgen-positive material
in the cytoplasmic ghosts; however, in a few, flecks of
Feulgen-positive material may remain. The number
of what appear to be intact leucocytes or intact round
cell nuclei will vary from none, to rare, to one per 50
to 85 high power fields. The nucleoprotein sediment is
centrifuged at 1,000 RPMfor 15 minutes and resuspended
for injection in 2 cc. of the cytoplasmic supernatant. In
the experiments detailed in Table I, it is this nucleo-
protein sediment resuspended in only 2 cc. of cytoplasmic
solution which is injected into the negative recipient.
In the experiments detailed in Table II, it is the remainder
of the cytoplasmic supernatant solution, which is in-
jected into the negative recipient. It contains occasional
fragments of Feulgen-positive nuclear material but not
any intact cells or cytoplasmic ghosts.

2. Freezing and thating. The pooled leucocytes are
resuspended in 3 cc. normal saline and frozen in a dry-ice-
90 per cent alcohol solution and are kept frozen solid
for two hours before the first thawing in a 37° C. water
bath. The leucocytes are then alternately rapidly frozen
for 10 to 15 minutes and thawed in the 37° C. water bath
for 10 to 15 minutes, for a total of 7 to 10 cycles. The
end point of each freezing cycle is taken as the time of
appearance of a central nipple in the solid mass rather
than any rigid time unit. The total number of freezing
and thawing cycles for any particular experiment is
governed by the microscopic evidence of the complete-
ness of the disruption of the leucocytes. Microscopic ob-
servations made during the course of freezing and thaw-
ing are similar in most respects to those detailed under
distilled water lysis. There are, however, fewer cyto-
plasmic ghosts noted following this method of disruption.

3. Freezing and thaving plus enzymes. The leuco-
cytes are frozen and thawed as in Section 2 above and
then treated for one hour in a 37° C. water bath with the
enzymes desoxyribonuclease (DNase) or ribonuclease
(RNase), respectively. Periodic pipetting of the mix-
ture is employed to insure adequate contact between en-
zyme and substrate.

a) Crystalline pancreatic desoxyribonuclease (DNase)
(Worthington 1 X Crystallized, Lot D-424) (12) is dis-
solved in 10 cc. normal saline containing 0.2 cc. normal
human serum albumin (Cutter) to a concentration of 1
mgm. per cc. equivalent to 120,000 units by viscosimetric
assay. The method of viscosimetric assay used is that
of Johnson, Goger, and Tillett (13). The leucocytes to
be treated with DNase are frozen and thawed in saline
to which has been added 100 mgm. MgSO4. The Mg+
is added to inhibit the citrate ion (bovine fibrinogen
contains approximately 40 to 50 per cent citrate) and to
activate the DNase (14). One mgm. of DNase (120,000
units) is added to the frozen and thawed leucocytes and
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allowed to act for one hour at 37° C. water bath before
injection of the suspension into the recipient. Paralleling
the gross change in viscosity following the addition of
DNase, the skeins of DNA fibrillae are no longer dis-
cernible microscopically and their Feulgen-positive qual-
ity is lost. Structures resembling intact leucocytes or
round cell nuclei-and were interpreted as such after lysis
or freezing and thawing-disappear as do the cytoplasmic
ghosts following dissolution of the protective matrix of
DNA fibrillae. This would indicate that such structures
were neither intact nor viable leucocytes since DNase
does not attack living cells (15). It is rare to find an
intact, viable leucocyte in DNase treated suspensions.

b) Crystalline ribonuclease (Worthington, Salt and
Protease-free) (Lot R-522-4) (16, 17) is dissolved in
0.0005 NHCI at a concentration of 2 mgm. per cc. at a pH
of 2 and to 0.5 cc. of this solution is added 0.5 cc. Soren-
son's buffer solution. The final cohcentration of ribonu-
clease is 1 mgm. per cc. at a pH of 7.

Citrate (1 cc. of 2.5 per cent solution sodium citrate for
each 10 cc. blood) is substituted for heparin as the anti-
coagulant for leucocyte isolation in the ribonuclease ex-
periments since heparin inhibits ribonuclease activity (18).
In addition, since the various lots of RNase were found
to have 0.1, 0.2, and 0.03 units of DNase activity per mil-
ligram of RNase by viscosimetric assay, the pooled leu-
cocytes are suspended in equal volumes (1.5 cc.) of ci-
trate and normal saline, adequate to inhibit the DNase
activity (14) before freezing and thawing.

When RNase is added to frozen and thawed leucocyte
suspensions no grossly visible change in viscosity occurs.
The extracellular DNAremains highly polymerized and
Feulgen-positive and the cytoplasmic elements retain the
green color on Feulgen stain.

Test materials
Streptococcal Msubstance.6 Partially purified prepara-

tions of M substance prepared from Type I hemolytic
streptococcus are used. The method of preparation and
the properties of M substance (Lot A15) have been
described by Lancefield and Perlmann (19). Lyophilized
M substance is dissolved in saline so that each skin test
dose in 0.1 cc. solution contains 0.01 mgm. (equivalent to
1.4 y nitrogen) or 0.002 mgm. (equivalent to 0.028 y
nitrogen). The use of the term "M substance" in this
report is descriptive and such usage is not meant to im-
ply chemical or immunological purity.

Old tuberculin (O. T.) (Bureau of Laboratories, De-
partment of Health, N. Y. C.) Second test strength-
1: 1000 dilution equivalent to 0.1 mgm. tuberculin for
each skin test dose of 0.1 cc.

Purified protein derivative (PPD) (Parke, Davis &
Company.) Second test strength- equivalent to 0.005
mgm. PPD for each skin test dose of 0.1 cc.

Criteria for reading skin tests
The criteria for reading delayed cutaneous reactions

to old tuberculin, purified protein derivative or strepto-

*Kindly supplied by Dr. R. C. Lancefield.

coccal M substance are the same as those used in earlier
studies (3, 5) and reactions are designated from 0 to 4 +,
with each (+) equivalent to approximately 10 X 10 mm.
edema and erythema.

Selection of donors and recipients
1. Streptococcal M substance as the test material.

The group is comprised of 10 M-positive leucocyte donors
with marked delayed skini sensitivity to streptococcal M
substance at 24 hours and 48 hours after skin testing and
14 M-negative recipients with no cutaneous reaction to
the same concentration of M substance on at least two
occasions just prior to transfer. The concentration of M
substance used for screening the donors and recipients
for nine transfers was 0.01 mgm. (1.4,y nitrogen) and
for four transfers was 0.002 mgm. (0.028 y nitrogen) per
skin test dose, respectively. Recipient RiD (Table II)
was tested on only one occasion just before transfer. One
additional M-negative subject was used as a donor for
control studies.

The 10 donors and 14 recipients of the leucocytes
were patients hospitalized on the wards of the Third
(NYU) Medical Division of Bellevue Hospital and
ranged in age from 40 to 60 years with four exceptions.
The subjects had no clinical or historical evidence of re-
cent hemolytic streptococcal infection or its delayed
complications and were not cachectic nor gravely ill.

2. Tuberculin as the test material. The group is com-
prised of three tuberculin positive donors of leucocytes
with marked delayed skin sensitivity to the tuberculin
patch test and 21 tuberculin negative recipients with no
skin sensitivity to either second strength old tuberculin
0.1 cc. (0.1 mgm.) or second strength PPD 0.1 cc. (0.005
mgm.) on at least two occasions just prior to transfer.
The 16 tuberculin negative recipients making up the test
and control groups of the enzyme treated leucocyte sus-
pension studies, were negative to both old tuberculin and
PPDon two occasions just prior to transfer.

The donors and recipients of the leucocytes in this
group were all healthy male medical students who
ranged in age from 22 to 26 years. There was one fe-
male student nurse in the group. Each of the medical
students had been followed by the author for at least two
years and many for three years prior to transfer. In
each there had been no clinical or roentgenographic evi-
dence of tuberculosis and each negative recipient had re-
mained tuberculin negative when tested on repeated occa-
sions during this period.

The student nurse (MaS) originally tuberculin nega-
tive (PPD 0.005 mgm.) in March, 1951, was given BCG
in April, 1951 and became positive to tuberculin (+++
PPD 0.005 mgm.) in June, 1951. When subsequently
retested in May, 1952, June, 1953 and October, 1953,
prior to transfer, skin reactions to tuberculin (PPD
0.005 mgm. and 0. T. 1.0 mgm.) were negative on each
occasion.

Method of transfer
When the treatment of the leucocytes has been brought

to completion (lysis, freeze-thawing, freeze-thawing plus
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enyme) it is that respective suspension which is injected
intradermally and/or subcutaneously into the skin of the
shoulder of the respective negative recipient and such
depots are not disturbed thereafter. The following day
(18 to 24 hours after injection) the skin of the volar
surface of the opposite forearm is challenged with the
same concentration of the specific testing material to
which the recipient had not been sensitive and the leuco-
cyte donor sensitive. Cutaneous reactions to the test
material are recorded at 6 hours, 24 hours and 48 hours.
The evolution and subsequent course of the induced sen-

sitivity is followed by repeating the skin test at approxi-
mately weekly intervals thereafter, until reversion to the
original negative state occurs.

In the three transfers done with the cytoplasmic su-

pernatant solution of distilled water lysed leucocytes, the
much larger volume is injected intramuscularly in the
deltoid or buttock, and the forearm challenged as above.

RESULTS

Studies with mechanically disrupted leucocytes

A. Streptococcal M substance as the test ma-

terial. Partially purified preparations of Strepto-
coccal M substance (Type I) were chosen as a

streptococcal test material because of the close
resemblance of the behaviour of M substance in
the induced M-sensitive state following cellular
transfer in humans to the behaviour of tuberculin
in tuberculin sensitivity. In particular, intra-
dermal injection of Msubstance into reactors with
cutaneous hypersensitivity produces predominantly
delayed skin reactions of the tuberculin type;

moreover, repeated skin testing with Msubstance
does not by itself cause the appearance of delayed
reactions of the tuberculin type (5, 6).

It is to be emphasized that the preparations of
M substance used in these studies are only par-

tially purified, and that delayed skin reactions to
such preparations may be due to some contami-
nat;ng material not yet identified. It is possible
that the reactions induced in the leucocyte recipi-
ents may also be due to trace amounts of a con-

taminating material, rather than to the Mantigen
itself (see ViF, Table III).

There has been no attempt here to define the
contribution of contaminating materials in the M
substance, or of its type specificity, to the delayed
reactions observed. While precise, quantitative
immunochemical technics can be utilized in the
study of antigens having related skin-sensitizing
serum antibody systems (20-25), the cellular
transfer system is not susceptible to the adaptation
of such technics, at this time, since the sub-
stance(s) in the leucocyte responsible for the
transfer of delayed sensitivity has yet to be identi
fied and quantitated.

Therefore, the delayed skin reaction to partially
purified preparations of streptococcal M sub-
stance is here used as an indicator, and it is the
underlying mechanism of the cellular transfer
system which is being evaluated.

The results of the transfer of delayed sensitivity

ABLE I

TRANSFEROF DELAYED M-SENSITIVITY WITH LYSEDLEUCOCYTES
USING THE NUCLEOPROTEINSEDIMENT IN CYTOPLASMICSOLUTION.

M-Negative M-Positive Donor's Approx. Maximum Cutaneous Duration of
Recipient Donor Degree Volume M-Sensitivity Sensitized State

Sensitivity WBC In Recipient in Recipient
For Days 24 Hrs. 48 Hrs. Days
Lysis After After After
* CC. Transfer Skin Test Skin Test

Exp. 1 PeB 3+ 0.5 - 0 0

NiR Exp. 2 FiT 4+ 0.3 14 2+ 2+ 24

Exp. 3 TaS 4+ 0.5 1 2+ 2+ 23

Exp. 4 PeB 3+ 0.5 - 0 0 -

Hel Exp. 5 FiT 4+ 0.08 - 0 0 -

Exp. 6 FiT 4+ 0.4 9 3+ 1+ > 21

InG Exp. 7 JoC 4+ 0.6 2 4+ 4+ > 7

AnC Exp. 8 InG 4+ 0.5 2 2+ 1+ 5

JoB Exp. 9 WiW 4+ 0.3 2 3+ 1+ 17
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to streptococcal Msubstance in negative recipients
of the nucleoprotein sediment in a cytoplasmic
solution of lysed leucocytes appear in Table I.

In six consecutive instances the M-negative
recipients of the nucleoprotein and cytoplasmic
components of lysed leucocytes obtained from
M-positive donors, developed varying degrees of
delayed skin sensitivity to Msubstance.

Negative recipient NiR failed to develop sen-
sitivity (Exp. 1) following the injection of lysed
leucocytes obtained from a moderately sensitive
donor (PeB) yet subsequently developed sensi-
tivity (Exp. 2) following the injection of lysed
leucocytes, albeit in a lower dosage, obtained
from a markedly sensitive donor (FiT). The
induced sensitivity in recipient NiR had disap-
peared when retested for the third time, 24 days
following the successful transfer of Experiment 2.
Sensitivity to M substance in recipient NiR was
induced again (Exp. 3) following the injection of
lysed leucocytes obtained from another markedly
sensitive donor (TaS) and disappeared again on
the retest of the 23rd day after transfer.

A similar failure to develop sensitivity was ob-
served in negative recipient HeI (Exp. 4) when
lysed leucocytes from the same moderately sensi-
tive donor (PeB) were used. In addition recipi-
ent HeI (Exp. 5) also failed to develop sensitivity
when the lysate of an insufficient volume (0.08
cc.) of leucocytes obtained from the markedly sen-
sitive donor (FiT, Exp. 2 above) was deliberately
chosen to be given. However, this negative re-

cipient (HeI) finally developed M-sensitivity
(Exp. 6) following the injection of the lysate
from an adequate volume of leucocytes obtained
from the same markedly sensitive donor (FiT).

These results confirm the equal importance of
a minimum dosage of leucocytes (at least 0.1 cc.
and preferably 0.2 to 0.3 cc. using this method)
and a markedly sensitive donor in the successful
transfer of delayed sensitivity. Similar results
have been observed in earlier studies in the hu-
man using intact, viable leucocytes (3, 5).

Negative recipient InG (Exp. 7) developed
marked sensitivity to M substance within two
days after the injection of lysed leucocytes ob-
tained from markedly sensitive donor (JoC). At
the height of this maximum response, on the third
day after transfer, leucocytes were in turn ob-
tained from this formerly negative recipient (InG),
lysed and injected into a second negative recipient
AnC (Exp. 8). Two days after this serial trans-
fer AnC developed minimal sensitivity (2 +) to
M substance which disappeared entirely when
tested again at the end of five days.

In an effort to exclude the contribution of the
few intact leucocytes observed, along with the
possibility of other intact leucocytes hidden in the
tangled skeins of nucleoprotein sediment, cyto-
plasmic supernatant solutions of leucocyte lysates
were prepared as described and assessed for the
capacity to transfer delayed sensitivity to M sub-
stance. The results appear in Table II.

In three consecutive instances the M-negative

TABLE II

TRANSFEROF DELAYEDM-SENSITIVITY WITH LYSED
LEUCOCYTESUSING CYTOPLASMICSUPERNATANrSOLUTION.

M-Negative M-Positive WMlumes Maximum Cutaneous Duration of
Recipient Donor M-Sensitivity in Sensitized State

WBC Super- Recipient in Recipient
Lysed natant Dy
t CC. Injected Days 24 Hrs. 48 Hrs.

cc. After After After
Transfer Skin Test Skin Test

RiD FiT* 0.3 10 15 3+ > 60

ThW JoC* 0.5 8 1 2+ 2+ 15

AyC WiW 0.6 7 9 3+ 1+ > 20

* The cytoplasmic supernatants of leucocytes from donors FiT and JoC were prepared at the
same time and from the same leucocytes that were lysed for use in Exp. 2 and 7 of Table I.
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TABLE III

TRANSFEROF DELAYEDM-SENSITIVITY WITH
LEUCOCYTESDISRUPTED BY FREEZING AND THAWING.

M-Substance M-Negative Approx. Maximum Cutaneous Duration of
Status of Recipient Volume M-Sensitivity Sensitized State
Donor WBC in Recipient in Recipient

± cc. Dy Alr Atr Months:tC. Days 24 hrs. 48 hrs. -othFrozen After After After
and Transfer Skin Test Skin Test

Positive (AdL) WiJ 0.4 6 3+ 2+ >10

Positive (JoS) WiL 0.3 14 3+ 2+ > 1.5

Positive (CaR) EdMt 0.3 4 4+ 4+ 8

Positive (JoB) EdM 0.6 3 1+ 1+ Unknown

Exp. 1 ViF 0.7 26 4+ 3+ > 5
Negative Exp. 2 FrK 0.2 - 0 0 -

(BeH)
Exp. 3 BeH -0.2 0 0

t Developed effusion ankle joint coincidentwith maximal skin sensitivity.

recipients of the cytoplasmic supernatant prepared
from the lysed leucocytes of M-positive donors,
developed delayed skin sensitivity to Msubstance.

The results of the transfer of delayed sensitivity
to streptococcal Msubstance in negative recipients
of frozen and thawed leucocytes appear in Table
III.

In four consecutive instances the M-negative
recipients of repeatedly frozen and thawed leuco-
cytes obtained from M-positive donors, developed
varying degrees of generalized delayed cutaneous
sensitivity to Msubstance.

One negative recipient (EdM) developed a
tender, swollen ankle joint coincident with the
development of the induced positive skin reaction
to M substance in the forearm one day after
transfer. The swelling, warmth and tenderness of
the joint increased and on the third day after trans-
fer, 10 cc. of fluid was aspirated. The fluid was
clear, yellowish, and viscous with rare round cells
on smear. During this period the patient was
afebrile with a normal leucocyte count, an ESR=
7 mm. (Wintrobe), ASL titre = 75 units per cc.,
C-reactive protein negative and serial electro-
cardiograms were normal. The involvement of
the joint receded rapidly after aspiration. Whether
this event was related to the induced skin sensi-
tivity to Msubstance or was a coincidence is not
known.

In control studies the attempt to transfer M-sen-
sitivity with frozen and thawed leucocytes ob-
tained from an M-negative donor (BeH, Exp. 1)
resulted in the development of marked M sensi-
tivity in one negative recipient (ViF). Since
previous attempts to transfer delayed sensitivity
with intact viable leucocytes obtained from nega-
tive donors were unsuccessful (3, 5) this experi-
ment was repeated. Leucocytes were obtained
from the same negative donor (BeH, Exp. 2)
frozen and thawed and injected into another nega-
tive recipient (FrK) who did not subsequently
develop M-sensitivity. In addition leucocytes
were again obtained from the same negative donor
(BeH, Exp. 3) frozen and thawed and injected
back into herself (BeH) without the subsequent
development of M-sensitivity.

The reason for the exceptional response of re-
cipient ViF is not known. It may possibly be re-
lated to the fact that he received an amount of leu-
cocytes (0.7 cc.) three and one-half times greater
than recipients FrK (0.2 cc.) and BeH (0.2 cc.)
and the induced sensitivity observed may be in this
instance due to trace amounts of contaminating
materials rather than to the M antigen itself, as
indicated above.

Thus in thirteen consecutive instances the
M-negative recipients of components of leuco-
cytes obtained from M-positive donors and dis-
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TABLE IV

TRANSFEROF DELAYED TUBERCULINSENSITIVITY WITH
LEUCOCYTESDISRUPTEDBY FREEZING AND THAWING.

Tuberculin Tuberculin Approx. Maximum Cutaneous Duration of
Status Negative Volume Tuberculin Sensitivity Sensitized State
of Recipient WBC in Recipient in Recipient
Donor FoCC. Days 24 Hrs. 48Hrs. Months

Frozen After After After
and Transfer Skin Test Skin Test
Thawed

Positive (HuC) MaS 0.25 22 4+ 3+ > 9

Positive (MaS) ArC 0.50 49 2+ 1+ > 7

Positive (EdC) JoS 0.25 20 2+ 1+ 3

Negative (FrG) GeE 0.4 - 0 0

Negative (GeE) FrG 0.5 _ 0 0

rupted by means of two different technics de-
veloped generalized delayed cutaneous sensitivity
to partially purified preparations of M substance.

In three consecutive attempts to transfer M
sensitivity with disrupted leucocytes obtained from
the same M-negative donor one was successful
and two were not successful.

B. Tuberculin as the test material. It was felt
desirable to substantiate the observations detailed
above with the tuberculin system, since it is the
prototype of delayed bacterial hypersensitivity
and is a useful control in evaluating the results
of transfer studies of the streptococcal hyper-
sensitive state. Therefore, the studies just de-
scribed using partially purified preparations of
the streptococcal Msubstance as the test material
were repeated using tuberculin as the test material.
The isolated leucocytes were disrupted by re-

peated freezing and thawing as described above.
The results of the transfer of tuberculin sen-

sitivity with the components of repeatedly frozen
and thawed leucocytes appear in Table IV.

In three consecutive instances the tuberculin
negative recipients of repeatedly frozen and thawed
leucocytes obtained from tuberculin positive do-
nors, developed varying degrees of generalized de-
layed cutaneous hypersensitivity to tuberculin.

The first tuberculin negative recipient (MaS)
developed moderate (2 +) tuberculin sensitivity
when tested six days after an injection of frozen
and thawed leucocytes obtained from tuberculin
positive donor (HuC) which reached its maxi-
mum (4 +) when tested on the 22nd day after

transfer. At the height of this maximum re-
sponse on the 22nd day after transfer, leucocytes
were in turn obtained from this formerly nega-
tive recipient (MaS), frozen and thawed and in-
jected into a second negative recipient (ArC).
Thirty days after this serial transfer ArC de-
veloped minimum sensitivity to tuberculin (+)
which reached its maximum (++) at the end
of 49 days. At present, eight months after trans-
fer ArC's sensitivity is minimal and has just
about disappeared.

In two consecutive instances attempts to trans-
fer tuberculin sensitivity to negative recipients
(GeE and FrG, Table IV) with frozen and
thawed leucocytes obtained from negative donors
were unsuccessful.

Thus the observation that components of dis-
rupted leucocytes are capable of transferring de-
layed cutaneous sensitivity to streptococcal M
substance is substantiated when tuberculin is used
as the test material.

Enzyme treatment of frozen and thawed leucocytes

The reproducible nature of the results just de-
scribed presented the opportunity to introduce
additional variables into the donor system with the
reassurance afforded by a relatively stable test
system.

For this purpose the isolated leucocytes are
frozen and thawed in the manner described and
to the suspension of leucocyte components a
specific enzyme, desoxyribonuclease (DNase) or
ribonuclease (RNase), is added.
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TABLE V

TRANSFEROF DELAYEDTUBERCULINSENSITIVITY WITH
FROZENAND THAWEDAND ENZYMETREATEDLEUCOCYTES.

Tuberculin Tuberculin Approx. Treat- Maximum Cutaneous Duration
Positive Negative Volume ment of Tuberculin Sensitivity Sensitized
Donor Recipient WBC Dis- in Recipient State In

* cc rupted Days 24 Hrs 48 Hrs. Recipient
Frozen Leuco- After After After Months
and cytes Transfer Skin Test Skin Test
Thawed

FrG 0.4 _ 24 1+ * > 7

PaC 0.4 DNase 56 3+ 1+ > 7
HuC RiH 0.5 - 61 3+ 2+ > 7

KlB 0.5 DNase 56 4+ 3+ > 7

IrF 0.6 - 61 4+ 4+ > 7

RuF 0.6 DNase 7 3+ 3+ 2
AmS MaT 0.7 - 55 2+ 3+ > 7

StS 0.7 DNase 28 2+ 2+ > 7

FrF 0.6 _ 21 3+ 3+ 4

BeG 0.8 RNase 35 2+ 1+ > 4
HuC MaP 0.6 _ 11 1+ 1+ > 4

MaR 0.6 RNase 22 3+ 2+ > 4

HoK 0.5 _ 11 3+ 1+ > 3

HaB 0.5 RNase 74 3+ 2+ > 3
AmS StC 0.5 _ 53 2+ 1+ > 3

HoL 0.5 RNase 20 3+ 2+ > 3

The results of the action of DNase upon the
extracellular DNAcan be interpreted with some
confidence, since the Feulgen stain is highly spe-
cific and permits concrete visual evidence of de-
polymerization of all available DNA( 11 ). There
is not such a reliable histochemical technique for
RNA and its depolymerization, hence there is
some uncertainty about the extent and degree of
depolymerization of the RNA in these experi-
ments. This reservation exists despite the ad-
vantage taken of all precautions known to be
propitious for the action of RNase (18, 26). In
addition, a residue of RNA is known to remain
undigested even when a large excess of RNase is
employed (26).

For this group of experiments sixteen additional
tuberculin negative recipients were selected and
had prepared for them on different occasions,
suspensions of the constituents of repeatedly
frozen and thawed leucocytes obtained from one
of two tuberculin positive donors. Each of eight
alternate recipients received an injection of such
untreated suspensions; of the remainder, four re-
cipients received DNase treated suspensions and

four recipients received RNase treated suspen-
sions. The results are summarized in Table V.

In sixteen consecutive instances each negative
recipient developed generalized delayed cutaneous
tuberculin hypersensitivity and the pattern of re-
sponse appeared similar in the untreated and en-
zyme treated groups. Of the control group of
eight recipients, three became moderately and five
markedly sensitive to tuberculin. Of the DNase
treated group of four, one became moderately and
three markedly sensitive to tuberculin, and of the
RNase treated group of four, one became moder-
ately and three markedly sensitive to tuberculin.

Comparison of sensitivity induced with disrupted
leucocytes to that induced with intact leucocytes
In each instance described above the induced

delayed sensitivity to M substance or to tubercu-
lin in negative recipients following the injection
of disrupted leucocytes is similar in most re-
spects to that observed in human subjects follow-
ing the injection of intact, viable leucocytes (3, 5)
and to that seen in the spontaneously sensitive
individual (6).
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The Distribution of Transferred
Sensitivity to Tuberculin and
Streptococcal Materials

Intact Leucocytes- 28 Recipients

MMDisrupted Leucocytes-32 Recipients

Is 16

1+ 2+ 3+ 4+
Cutaneous Reaction

FIGuRE 1.

One aspect of this similarity is graphically rep-
resented in Figure 1 which plots the distribution
in terms of degree of sensitivity achieved in 60
consecutive recipients of the transfer of delayed
sensitivity in humans, where the results in 28 re-
cipients 7 using intact, viable leucocytes (3, 5)
are compared with the results in the 32 recipients
of this report using disrupted cells.

DISCUSSION

With the finding that it is regularly possible in
the human to transfer bacterial sensitivity of the
delayed tuberculin type by means of the com-
ponents of disrupted leucocytes, it became feasible
to attempt identification of the particular leuco-
cyte component(s) concerned in the tissue sensi-
tization process and gain some clue to the mecha-
nism whereby sensitization is achieved. A step
in this direction is the application of enzymatic
techniques to selectively eliminate one cellular com-
ponent from the whole at a time.

The sequence of events following cellular trans-
fer with intact or disrupted leucocytes, suggests

7Unpublished results in two recipients of the trans-
fer of M-sensitivity (each graded 4 +) using lysed leuco-
cytes which were incompletely disrupted are included
among the "intact" leucocyte group.

that this system may have analogies to other bio-
logical systems where self-replication of a foreign
material is fostered by the cells of the host. Ex-
amples of the latter are to be found in the be-
haviour of the DNAof the pneumococcal trans-
forming principle (27, 28) and in the intracellular
replication of viral particles in microbial (29),
plant (30) and animal cells (31-34). This simi-
larity is suggested by the observation that rela-
tive to the considerable cell mass of the adult hu-
man recipient, an infinitesimal amount of donor
cell material is capable of altering the reaction ca-
pacity of the entire skin surface of the recipient
for periods in many instances as long as six to
eight months and in a few as long as one year.
This response has heretofore been achieved only
following prolonged, intimate contact with con-
siderable numbers of the specific bacterium (tu-
bercle bacillus, streptococcus) and the tissues of
the host (6).

Moreover, unlike the passive transfer of pre-
formed serum antibody the transfer of leucocytes,
intact or disrupted, appears to require the active
participation of the recipient before maximum and
sustained effects may be achieved. Although the
response is variable for each recipient, a review of
the data collected in this and earlier studies (3, 5),
comprising a total of 60 successful individual
transfers, indicates that two broad, but distinct,
temporal patterns of recipient response exist fol-
lowing the transfer of delayed sensitivity. The
patterns are schematically represented in Figure 2.

It will be recalled that all recipients are skin-
tested within a day after cellular transfer and
thereafter at approximately weekly intervals. In
this diagram the magnitude (O to 4 +) of the
reaction to each individual skin test is plotted

e

.104+

;3+

:2.

O I,+
C0

The Developnent of Delayed Sensitivity Following
Transfer with Intact or Disrupted Leucocyts

(SCHEMATCPATTERNS)

PATTERN2

%I, t
I1TER I

l t___~~~

2 4 6 8 10 12 20 0 40 50
Weeks Following Transfer

FIGuRE 2.
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against the time of application of that skin test
following cellular transfer.

The recipients with a response which approxi-
mates that shown in Pattern I exhibit maximum
sensitivity (4 +) to the first or second skin test,
applied within a day or a week following transfer,
The recipients with a response which approxi-
mates that shown in Pattern II exhibit sensitivity
early, as in Pattern I, but the reactions to each of
the skin tests are minimal (1 +), for intervals
which vary from two to six to eight weeks follow-
ing transfer. At the end of this variable lag pe-
riod there is an abrupt appearance of maximum
sensitivity (4 +) in response to the respective
weekly skin test. In both patterns, maximum
sensitivity may be evanescent and disappear en-
tirely, or it may gradually wane in intensity when
the recipient is subsequently retested, or it may
persist for prolonged periods on subsequent re-
testing, as indicated in Figure 2. Since this se-
quence of events does not occur in relation to the
application of one skin test, but represents a pro-
gressive change in the magnitude of the response
of the recipient to successive skin tests, it differs
from the phenomenon described by Andrewes,
Derick, and Swift (35), where a delayed flare-up
of an intradermal reaction occurs in the same skin
test site with the passage of time.

The observation of two distinct temporal pat-
terns following the transfer of an immunological
response suggests that two different substances or
different phases of the same substance, each re-
lated to a separate pattern of response, may be
present in the leucocytes of the donor.

The substance which contributes to the develop-
ment of Pattern I would appear to be more com-
pletely preformed and readily available in amounts
sufficient to cause the negative recipient to respond
rapidly in this early phase (one day to one week),
in what appears to be a "passive" manner, to the
test material. Whereas the substance which con-
tributes to the development of Pattern II would
appear to be less completely preformed and less
readily available since it requires longer residence
(two to six to eight weeks), presumably intra-
cellularly, in the recipient before it becomes ca-
pable of causing the appearance of the sudden
burst of maximal sensitivity. Whether the sub-
stance postulated for Pattern I is a more or less

completely preformed antibody or an antibody
precursor, and that postulated for Pattern II an
antigen, in the sense that it has resulted from the
interaction between the antigens of the intact
bacterial cell and the tissues of the donor, is not
known.

An alternative possibility is that there may be
only one substance which is handled by different
mechanisms in the recipient.

In both patterns of response the prolonged
duration of sensitization observed in many re-
cipients would suggest a mechanism quite different
from that which is involved in the transient ef-
fects and early catabolism of preformed serum
antibody following passive transfer, presumably
incident to its extracellular residence in the re-
cipient.

Because of the difference in behaviour from
preformed serum antibody and from evidence, as
yet only suggestive, afforded by two attempts at
serial transfer, it is reasonable to suppose that
this substance (s) may be taken up by the cells of
the recipient which are concerned with the pro-
duction of delayed sensitivity and in turn alter
their metabolism for variable periods, perhaps in
a manner similar to that by which the specific
bacterium, some time in the past, altered the me-
tabolism of the cells of the donor in this regard.

Hence, our attempts to identify the components
of the leucocyte responsible for this effect have
focussed on the cell components of the donor with
self-replicating potentialities. Assuming the sub-
stance responsible for the transfer of delayed sen-
sitivity was the DNAof the nucleus, then treat-
ment with the enzyme DNase might be expected
to abolish this capacity and similarly if assumed
to be the RNA, then treatment with RNase might
be expected to abolish it. These assumptions were
tested as reported and the results were negative.

From such negative results, conclusions are
limited and tentative; however, it would appear
that the mechanism responsible for the transfer
of delayed sensitivity does not depend upon the
highly polymerized DNAor highly polymerized
RNAcomponents of the donor cell. The work-
ing hypothesis detailed above, however, retains
its usefulness in aiding the design of further ex-
perimental tests of its validity.
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SUMMARYANDCONCLUSIONS

1. In 32 consecutive instances it has been pos-
sible in human subjects to transfer skin sensitivity
of the delayed bacterial type to tuberculin and to
partially purified preparations of the streptococ-
cal M substance, with components of disrupted
leucocytes obtained from sensitive donors and
prepared by two different techniques of disruption.

This was accomplished with streptococcal M
substance as the test material using leucocytes pre-
pared by: a) Distilled water lysis, and b) freezing
and thawing; and accomplished with tuberculin
as the test material using leucocytes prepared by:
a) Freezing and thawing, b) freezing and thawing
plus DNase, and c) freezing and thawing plus
RNase.

2. With one exception, delayed sensitivity did
not develop in five negative recipients when the
disrupted leucocytes were obtained from donors
without sensitivity to the test material.

3. The induced delayed sensitivity to tuberculin
and to streptococcal M substance in negative re-

cipients following the injection of components of
disrupted leucocytes is similar, in most respects,
to that which has been observed in humans fol-
lowing the injection of intact viable leucocytes.

4. Treatment of disrupted leucocyte suspensions
with the enzymes DNase or RNase did not di-
minish the capacity to transfer delayed sensitivity.

5. A working hypothesis concerning the mecha-
nism whereby the transfer of delayed sensitivity
may be mediated, is discussed.
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