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Delayed intradermal sensitivity to homologous
white blood cells has been described in humans
rejecting full thickness skin homografts (1). The
reaction at the site of the challenge leukocyte was
greatest at 18 to 24 hours against the cell sus-
pensions obtained from the skin donor. It was
noted, however, that lesser reactions were con-
sistently elicited to similarly prepared and simul-
taneously injected leukocytes obtained from donors
other than the sensitizing skin donor. There was
no recipient response to injections of autologous
leukocytes, homologous erythrocytes or homologous
plasma. Biopsy sections taken at peak reaction
times were similar to early tuberculin responses.
It was postulated that the skin erythema and indu-
ration were a manifestation of an antigen-anti-
body reaction, in which antibodies developed
against the skin homograft were capable of also
reacting with shared antigen (s) within or upon
the peripheral white blood cell. To explain the
lack of specificity of the skin response, it was as-
sumed that there is a distribution of common trans-
plantation antigens in the human, as has been
shown by Berrian and Jacobs in the mouse (2).
The present experiment supports this supposition
and suggests that transplantation immunity in the
human is not as specific a phenomenon as has been
previously proposed (3).

* The investigation was supported in part by the United
States Army Medical Research and Development Com-
mand, Department of the Army, under Contract no.
DA-49-007-MD-429, and in part by the National Heart
Institute, United States Public Health Service (H-444-
Cll).

t This work was performed during the author's tenure
as an American Heart Research Fellow.

tFellow of the National Foundation.
§ Investigator, Howard Hughes Medical Institute.

MATERIALS AND METHODS

Eighteen ambulant adult volunteers received full thick-
ness skin homografts on the medial surface of the upper
arm, after inoculation with homologous leukocytes. All
of the subjects had negative past histories for malaria,
jaundice and syphilis. In addition to the physical ex-
amination, they were subjected to the usual screening
procedures required for donors to a hospital blood bank.
The subjects had never received blood transfusions and
were free of diseases known to alter immunologic reac-
tivity. ABO and CDE blood groups were determined
prior to immunization (Table I). Donor leukocytes
were harvested from freshly drawn peripheral venous
blood by a dextran sedimentation technique (4). The
leukocytes employed were harvested prior to administra-
tion. The time lag before injection was related to prepa-
ration and varied from slightly under 1 hour to a maxi-
mumof 3 hours. In each instance the white blood cells
were resuspended in donor plasma, in a total volume of
3 ml. The final sediment was counted and measured and
an aliquot was chosen so that 3 ml (30 injections) con-
tained the desired dose. Duplicate chamber counts of
the leukocyte yield enabled adjustment of the volume of
inoculum so that the predetermined number of white
blood cells could be administered. The total number of
leukocytes injected varied from 2 X 107 to 48 X 107 (Table
II). Subjects 1 and 2 received four subcutaneous doses
of 12 X 107 leukocytes at 7-day intervals for a total dose
of 48 X 10' leukocytes. On Day 29 of the experiment, 1
day after the last injection, these subjects were grafted
with skin from the leukocyte donor and from an unre-
lated person. As a control of surgical technique, an
autograft was placed in close proximity to the two homo-
grafts. Because subcutaneous immunization failed to in-
duce accelerated graft rejection, the experimental pro-
tocol was changed for Subjects 3 through 16. These vol-
unteers received, as their immunizing dose, 30 intra-
cutaneous leukocyte injections on the back and thighs.
Each injection contained, in a volume of 0.1 ml, one-
thirtieth of the total leukocyte dose which varied from
2 X 107 to 30 X 10' (Table II). Six days after the mul-
tiple intracutaneous inoculations, donor and nonspecific
skin grafts were placed as in Subjects 1 and 2 (Figures
1 and 2).
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TABLE I

Race, sex and donor blood types in 18 patients immunized with leukocytes

Recipient Leukocyte donor Nonspecific donor

Patient Blood
no. Race Sex type Race Sex Type Race Sex Type

1 N F A+ N M B+ N F A+
2 N M B + N F A+ N F A+

3 W F O+ W M B+ WV F B+
4 W M B + W F O+ W F B+
5 W M A+ W M O+ Not done
6 W M 0+ W M A+ Not done
7 W M A+ W M B- W M 0+
8 W M B- W M A+ W M O+
9 W M 0+ W M O+ W M O+

10 W M 0+ W M 0+ WV M 0+
11 W M A+ W M A- At M O+
12 W M A- W M A+ W M O+
13 W M A+ W M A- W M 0+
14 W M A- W M A+ W M O+
15 W M A+ W M 0+ W M O+
16 W M 0+ W M A+ NV M O+
17 XV M B- W M A+ WV M 0 +
18 XV M A+ W' M B- NV M 0 +

All grafts were full thickness skin removed under local ries (5), it was believed that sufficient information could
anesthesia from the medial aspect of the upper arm and be gained from a smaller graft to warrant a reduction in
sutured into the host bed with interrupted 5-0 nylon su- size to 1.0 cm2. The excellent autograft survival in the
tures. The wounds were covered with a nonadherent earlier volunteers caused us to discontinue simultaneous
plastic dressing which facilitated frequent inspection, control autografts in Subjects 7 through 18. Material
photography and biopsy. In the first 6 patients studied, was obtained by biopsy of the graft only and not of the
all of the grafts were 2.5 cm2. From the data obtained graft bed. In all cases two biopsies were taken at Days
in this group, and from another concurrently studied se- 6 or 7 and another on Day 9 or 10. This allowed a mi-

TABLE II

Type of rejection in 18 patients preimmunized with homologous leukocytes

No. of
leukocytes Rejection pattern

administered Route of
Subject X107 injection Leukocyte donor graft Nonspecific*

1 48.0 Subcutaneous First set First set
2 48.0 Subcutaneous First set First set

3 10.0 Intracutaneous White graft Accelerated
4 7.2 Intracutaneous Accelerated First set
5 6.5 Intracutaneous Accelerated Not done
6 9.0 Intracutaneous White graft Not done
7 20.0 Intracutaneous Accelerated First set
8 20.0 Intracutaneous White graft Accelerated
9 20.0 Intracutaneous White graft White graft

10 20.0 Intracutaneous Accelerated First set
11 12.0 Intracutaneous Accelerated First set
12 12.0 Intracutaneous White graft White graft
13 2.0 Intracutaneous Accelerated Accelerated
14 2.0 Intracutaneous First set First set
15 30.0 Intracutaneous White graft White graft
16 30.0 1 ntracutaneous Accelerated Accelerated
17 12.0 Intracutaneous White graft Accelerated
18 12.0 Intracutaneous White graft Accelerated

* In two instances, the nonspecific graft was an unusually prolonged first set rejection. In Subjects 11 and 14 active
rejection was observed to commence by Day 21 after grafting.
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B

FIG. 1. APPROXIMATELOCATION OF THE MULTIPLE IN-
TRADERMAL LEUKOCYTE INJECTIONS EMPLOYED TO IM-
MUNIZE SUBJECTS 3 TO 18. Subj ect B was intradermally
inoculated with leukocytes of Subject A at 30 sites (total
volume of inoculum is 3 ml, containing 2 to 30 X 107 leu-
kocytes).

croscopic assessment of the type of rejection; in two
cases showing slow rejection, biopsies also were taken
on Days 17 and 19, respectively.

Grading of the rejection process

In order to assess properly the changes in altered skin
grafts, a series of unmodified first set, accelerated, and
white graft rejections was carefully studied (5), by daily
inspection and biopsy. A brief summary of the criteria

FIG. 2. LOCATION OF DONOR AND NONSPECIFIC SKIN
GRAFTS. Six days after multiple intradermal leukocyte in-
jections, Subject B was challenged with full thickness
skin grafts from Subjects A and C. B, a control auto-
graft, was also placed. Only the first 6 subj ects were
given autograft controls. The nonspecific homograft
was omitted in Subjects 5 and 6.

used to determine the type of rejection encountered may
be subdivided into two sections.

Gross findings. Typical of the first set rejection is
early (2 to 3 days) vascularization, detectable by a pink
coloration, blanching when pressure is applied, and brisk
bleeding upon incisional biopsy. Thereafter, the first
set rejection and the autograft are indistinguishable until
the sixth to seventh day when the homograft assumes a
cyanotic color, fails to blanch on pressure, and has ob-
vious interstitial edema. During the next 5 to 9 days, the
now avascular homograft gradually changes into a crusty
black scab (Figures 3 and 4).

A white graft, by contrast, never establishes graft-bed
vascular anastomosis, the total lack of blood supply be-
ing responsible for its peculiar pallor. In time, the white

FIG. 3. PHOTOGRAPHOF AUTOGRAFT(LEFT), LEUKOCYTEDONORSKIN (CENTER) AND
NONSPECIFIC SKIN (RIGHT), ON THE FIFTH POSTGRAFTINGDAY IN SUBJECT 2. The
photograph demonstrates no discernible difference between the auto- and homografts.
In this case, subcutaneous leukocyte injections failed to induce homograft immunity.
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FIG. 4. SUBJECT 10. The leukocyte donor graft (left) is edematous and cyanotic
by the sixth postgrafting day, indicating accelerated rejection. The nonspecific graft
(right), placed simultaneously 6 days after intradermal leukocyte immunization, re-
sembles the surrounding host skin and is undergoing a first set rejection.

graft appears to melt away as a result of a sterile pro-
teinolysis, although its color remains pale gray as new
epithelium granulates in from the surrounding bed mar-
gins. Both its striking color and its failure to bleed when
incised easily identify the white graft (Figure 5).

The accelerated or second set rejection pattern rapidly
recapitulates the events of a primary rejection. After
transient but clear early vascularization, cyanosis and

edema are discerned by the fourth postgrafting day. By
the eighth day the florid rejection is completed and a hard
scab remains (Figures 4 and 6).

Microscopic correlation. No distinction between auto-
graft and first set homograft biopsy material is possible
for the first 6 days. Further sections of autografts pro-
gressively display a gradual return to the appearance of
normal skin. Increasing numbers of perivascular lympho-

FIG. 5. SUBJECT 8. This subject evinced white graft rejections of leukocyte donor
skin (left), and nonspecific skin (right), after intracutaneous preinjection with ho-
mologous leukocytes 6 days before grafting. 'The white graft is interpreted as a
manifestation of a very intense transplantation immunity.
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FIG. 6. SUBJECT 4. After the intracutaneous inoculation of 7.2 X 107 leukocytes
6 days prior to grafting, Subject 4 rejected both the leukocyte donor skin (center) and
nonspecific control graft (right) in an accelerated fashion. Cyanosis and interstitial
edema are present in both homografts while the autograft (left) appears healthy, with
a well healed biopsy site in the upper left-hand corner. By Day 5, easy distinction can
be made between accelerated and first set rejections (see Figure 3).

cytes, gradually extending into the dermis and epidermis,
represent the primary rejection on the seventh to eighth
day (Figures 7 and 8). Extensive vascular thrombosis
supervenes on the eleventh or twelfth day. Symbolic of
a white graft type of rejection is an early polymorpho-
nuclear cell permeation of the dermis and epidermis of the
totally avascular graft (Figure 9). The accelerated or
second set rejection has a blood supply for only 2 to 3

days. The skin biopsies of grafts undergoing accelerated
rejection showed no vascular thrombosis. Presumably
the vessels at the junction of graft host tissues are pri-
marily involved, but in this study this junctional area
was not examined, since it would have required local
anesthetic for each biopsy procedure. There is only slight
cellular infiltration prior to the death of the graft on the
seventh or eighth day (Figure 8). Patterns intermediate

*
': w - - x, ' Gil! a; At me d

FIG. 7. SUBJECT 7. The earliest sign of primary or first set rejection is perivas-
cular lymphocytic infiltration, here observed on the sixth postoperative day in the
nonspecific graft placed qn Subject 7 (H&E, X 55).
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FIG. 8. SUBJECT 4. Contrast the first set rejection shown in Figure 7 with the

features of accelerated rejection noted in this biopsy of the nonspecific graft placed
on Subject 4 also taken on the sixth postgrafting day. A dead epidermis, dilated blood
vessels and the absence of cellular infiltration connote an accelerated rejection (H&E,
x 55).

between accelerated and white graft have been observed
twice. In these grafts, the gross appearance determined
the category ascribed.

RESULTS

There were no technical failures in any of the
grafts in this series. Technical failure of a graft

is usually due to an underlying hematoma. The
graft is raised from the bed and the clot is dis-
covered on biopsy. The graft undergoes eschari-
fication and does not have the appearance of a
"white graft," which always remains flat. On mi-
croscopic section the polymorphonuclear infil-

4 4

FIG. 9. SUBJECT 3 ON SIXTH POSTGRAFTINGDAY; SPECIFIC GRAFT. Diagnostic of a
white graft rejection is the early death of the epidermis coupled with dense diffuse in-
filtration with polymorp]honuclear leukocytes (H&E, X 110).
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trate, typical of a white graft does not occur in the
graft which has been a technical failure because of
separation from its bed by a hematoma. The sub-
jects withstood the stresses of multiple inoculations
and subsequent skin grafting without untoward
event. None of the volunteers suffered tempera-
ture elevation, regional adenopathy or wound in-
fection. The third and fourth subcutaneous in-
jections in Subjects 1 and 2 caused the formation
of hot sterile abscesses which proved painful for
several days although surgical drainage was not
necessary. An uncomfortable, local stinging sen-
sation, lasting about 5 minutes, usually followed
the intracutaneous inoculations.

Subcutaneous immunization. Repeated subcu-
taneous injections of a total of 48 X 107 leukocytes
prior to grafting with leukocyte donor and non-
specific skin failed to elicit accelerated rejections
of any of the homografts placed on Subjects 1 and
2. The gross signs of a first set rejection were
apparent in the leukocyte donor skin on Subject 1
on Day 10, and in the nonspecific skin on Day 8.
Similarly, Subject 2 evinced a primary rejection
of leukocyte specific skin on Day 9, and of non-
specific skin on Day 8. In both instances, the
autografts survived normally.

Intracutaneous immunization. Of the 15 pa-
tients pretreated with intradermal homologous
leukocytes, all but 1 had altered immunologic re-
jections of subsequent full thickness skin homo-
grafts. Illustrative of the modified responses were
the white grafts observed in 8 of the 16 leukocyte
donor skin grafts in this group. Accelerated sec-
ond set rejections were noted in 7 of the leukocyte
donor skin grafts (Table II). One patient ex-
perienced an unmodified first set rejection of the
skin graft from the donor of the pregrafting leuko-
cytes. In 14 instances an additional homograft
was placed from a donor whose leukocytes had
not been used to presensitize the recipient. This
nonspecific skin graft was placed at the same time
as the graft from the donor whose leukocytes had
been injected 6 days previously. Of these 14,
white grafts occurred 4 times, accelerated rejec-
tions 6 times, and primary or first set rejections
were noted in 4 subjects. Examples of each of
the rejection patterns encountered are included in
Figures 3-9.

There was no obvious correlation between the
ABOand CDEblood groups of donor and recipi-

ent and the type of rejection response encountered.
Thus, 0 positive patients immunized with 0 posi-
tive leukocytes developed white graft rejections as
did recipients who had major blood group incom-
patibility with their respective leukocyte and skin
inors.

DISCUSSION

The pioneer studies of Medawar incontrovertibly
established the immunologic basis of homograft
rejection (6). It is now known that the ability
to reject a second homograft in an accelerated
fashion is a fundamental biological process found
in all species studied. Early experiments sug-
gested that the homograft reaction is an individual
specific response (6). Medawar was able to im-
munize an animal against skin homografts by the
prior injection of blood leukocytes (7), and Bil-
lingham, Brent and Medawar showed that second
set rejections followed preimmunization of the
host with liver, spleen or kidney cell suspensions
(8). These same workers later demonstrated
that cells totally disintegrated by ultrasonication
retained their power to elicit skin transplantation
immunity in mice (9).

Our preliminary efforts to locate human trans-
plantation antigens within the circulating leuko-
cyte were not successful. In several unreported
experiments, volunteers repeatedly injected intra-
muscularly with donor whole blood evinced un-
modified first set skin rejections. Likewise, Sub-
jects 1 and 2 in this experiment had no gross or
microscopic evidence of rejection acceleration sub-
sequent to subcutaneous leukocyte pretreatment.
The efficacy of intradermal immunization seen in
our data offers further evidence of the variation
of species response to the route of antigen adminis-
tration. Thus, Billingham, Brent and Mitchison
found all routes of administration of homologous
cells tested in mice and, guinea pigs immunologi-
cally equivalent in the induction of transplanta-
tion immunity, while the rabbit showed a mark-
edly accentuated response to intradermal inocula-
tion as compared with intravenous, subcutaneous
or intraperitoneal routes (10).

A second explanation may in part account for
failure of leukocyte administration by the sub-
cutaneous route to sensitize the recipient.

The intradermally immunized patients exhibited
considerably diversified rejection patterns. At
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least two factors determine the intensity of homo-
graft rejection: donor-recipient genetic dissimi-
larity and the immunizing dosage. Berrian and
Jacobs were able to predict the timing of third
strain skin homograft rejection in purebred mice
following crossed immunization of two other pure
strains with splenic cell suspensions (2). By re-
peated interstrain grafting they were able to cal-
culate the number of transplantation antigens
shared by donor and recipient and correlate the
onset and intensity of rejection with the degree of
genetic disparity of the engrafted pairs. Little is
known concerning the number or distribution of
human transplantation antigens (11). Merrill
and co-workers reported the prolonged survival
of a full thickness skin homograft placed on the
upper arm of a fraternal twin who shared 23 blood
groups with his brother-donor (12). Blood group
antigens and transplantation antigens are not,
however, inherited pari passu. Woodruff and Al-
lan (13) have reported a normal first set rejection
between two unrelated individuals with 10 iden-
tical blood group antigens. Wehave seen a nor-
mal first set rejection in skin transplanted from
one nonidentical twin to another when all but 1
of 27 blood group antigens were identical. It is
reasonable to assume that the different types of
rejection encountered in several of our patients
who received the same number of donor leuko-
cytes was due to the heterogeneity of transplan-
tation antigen distribution in man. In this light,
the significance of the unusual prolongation of two
nonspecific first set reactions (Table II) is un-
clear. A recent report by Rapaport, Thomas, Con-
verse and Lawrence describes the prolongation of
skin graft survivals in humans "typed" for simi-
larity of transplantation antigens (14). The simi-
larity of transplantation antigens in this instance
was surmised when a skin graft from one member
of the donor-recipient pair caused accelerated re-
jection of skin from the second member when an
indifferent recipient was used for both grafts. The
fact that skin from one accelerated the rejection of
skin from another and that subsequently skin ex-
changed between the two, showed an unusually
long survival, which was presumed to be due to
a sharing of similar transplantation antigens. A
similar observation was made by Kuss and Le-
Grain (15) in unrelated individuals between

- whoma kidney transplant with prolonged survival
was subsequently done.

There is limited information concerning grada-
tion of rejection intensity dependent upon in-
creasing antigen dosage. Zotikov, Budik and
Puza described shorter rejection times with in-
creased size of rat homografts (16). They noted
that as the size of the homograft was increased to
greater than one-third of the recipient's total skin
surface area, "immunoparalysis" with greatly pro-
longed graft survival was induced. No data per-
tinent to dose response are available for man. Our
series is too small to allow statistical analysis al-
though the data suggest that the degree of im-
munity evoked by intracutaneous leukocytes in-
jections is, at least in part, dose related. None of
the 4 subjects inoculated with less than 9 x 107
leukocytes responded with white grafts to either
leukocyte donor or nonspecific challenge grafts,
while 8 of 12 patients given at least 9 x 107 leuko-
cytes developed white graft reactions in the graft
from the leukocyte donor. Rapaport and associ-
ates believe the white graft to be "either a quali-
tatively different or a more intense form of im-
mune response against foreign tissue perhaps
mediated by serum antibody" (3). The import-
ance of circulating antibody in homograft rejection
is unclear (17, 18), and its contribution to the
formation of the white graft is as yet unknown.
If a dose-related antigenic response is present in
man, as we believe, then this experiment lends
credence to the concept that the white graft is an
expression of a greater level of immunity than is
an accelerated rejection.

To support this hypothesis further, it is noted
that the intensity of rejection in the nonspecific
grafts was in each case equal to or less than the
degree of immunity displayed in the specific leu-
kocyte donor skin. A white graft in the leuko-
cyte donor graft was accompanied by either a white
graft or an accelerated rejection in the nonspecific
skin. Analogously, a specific accelerated rejection
complemented either an accelerated or first set
response in the nonspecific graft.

Therefore, the weaker reactions to nonspecific
grafts would be in accord with partial sharing of
transplantation antigens between leukocyte donor
and nonspecific skin samples. This would also
concur with Rapaport and co-workers' study of
white graft production in which five of eight non-

2169



FRIEDMAN, RETAN, MARSHALL, HENRYAND MERRILL

specific grafts exhibited significantly reduced sur-
vival time (3).

The difficulties inherent in investigations of hu-
man transplantation immunity may be somewhat
eased by additional attention to the circulating
leukocyte. Lawrence, Rapaport, Converse and
Tillett meticulously detected the presence of a
"factor" capable of transferring homograft im-
munity in extracts of peripheral white blood cells
(19). The data presented here indicate the pres-
ence within the same cell population of antigenic
constituents competent to induce the known -forms
of skin homograft rejection.

SUMMARYAND CONCLUSIONS

The intradermal inoculation of peripheral leu-
kocytes prior to full thickness skin grafting in-
duced white graft and accelerated rejection of first
set homografts in the human. Simultaneously
placed skin grafts obtained from patients other
than the leukocyte donor were also rejected in an
accelerated fashion. indicating that transplanta-
tion immunity in the human is not individual spe-
cific. It is postulated that the type of skin graft
rejection encountered in this experiment was de-
termined by both the dose of immunizing leuko-
cytes administered and the genetic similarity be-
tween donor of immunizing leukocytes and donor
of the nonspecific skin graft.
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