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Annual Progress Report - During the past year we have published the study of patients
undergoing major cardiovascular surgery reported in the previous progress report

(see attached reprint). Among these major surgical patients, anerzy and suppressive
serum in the postoperative period were significantly associated with postoperative
infectious complications and with days spent in the hospital. Further investigation
of these individuals failed to show that fraction 11 is active in suppression of
cellular immunity in mice when injected in vivo. However, this failure may be due to
the extremely small quantities of fraction 11 available for study. Analysis of
fraction 11 by the Hoffman LaRoche Institute of Molecular Biology has indicated that
fraction 11 eluted from filter paper following high voltage electrophoresis contains a
number of amino acids and other impurities from the filter paper. When these are
eliminated by high pressure liquid chromatography a small amount of a pure molecular
species was obtained. Because of extremely small quantities, hydrolysis could only
be performed once. This yielded one unique and not previously identified amino acid
and several common amino acids.

During the past year we have continued to study the serum of patients having undergone
major cardiovascular surgery and the serum from 19 burn patients, the majority of
whom had burns of greater than 35% of body surface area. Attempts to recover suppressive
material from these sera by DEAE cellulose chromatography and gel filtration on G25
Sephadex columns, as mentioned in the previous progress report, has consistently shown
that the majority of suppressive activity is contained in a low molecular weight
fraction, peak III, from G25 Sephadex columns. Starting sera (in 10% concentration)
suppressed activation by PHA of normal human peripheral blood lymphocytes by 50% or
more. Peak III from such sera ordinarily suppressed human lymphocyte activation by
50% or more at concentrations of 100 micrograms per ml or less. High voltage electro-
phoresis of Peak III from such sera, however, did not consistently show the presence
of fraction 11. This was particularly true when burn sera were studied. While some
sera contained fraction 11 and fraction 11 was consistently suppressive of lymphocyte
activation in vitro when present, activity was also found in the mid neutral range by
high voltage electrophoresis in some sera.

It is clear that further work will be necessary before the homogeneous molecular
species responsible for the suppressive activity of the heterogeneous Peak III can be
identified and characterized. We are currently processing a large serum pool from

12 burn patients with suppressive sera in an attempt to resolve this problem.

During the past year burn patients have been the major focus of our clinical studies.
As noted in last year's progress report we had determined at the beginning of this
year's contract support that ir 10 burn patients with greater than 30% body surface
burn, anergy to skin test antigens was correlated with the presence of suppressive
serum as defined by the ability of the serum in 10% concentration to suppress by 50%
or more the stimulation of normal human peripheral blood lymphocytes to PHA in vitro.
This correlation remains statistically significant at the conclusion of the present
research year after the addition of 9 more burn patients to the study. It is still
clear, however, that while not all burn patients with suppressive serum are anergic,
nearly all anergic patients have suppressive serum.




Serum immunosuppression developed in 16 of the 19 burn patients studied at some
time during their hospitalization and 13 of these patients developed a systemic 1
infection. It was not, however, possible to relate the time of appearance of more
than 50% serum immunosuppressive activity with existing or subsequent infection. The
absence or presence of serum immunosuppression at some time in the post burn course 5
did not correlate with survival (Table I). The concentration of E-rosette forming :
cells in the peripheral blood of burn patients correlated with the presence of serum
immunosuppressive activity ( r = 0.57, p = 0.01). Twelve patients demonstrated

very low levels of E-rosette forming cells in the peripheral blood ( mean = 6.4%
rosettes) but following 6 washes of the peripheral blood lymphocyte population

the E-rosette forming cell concentration rose to a mean of 16.5%. This suggests that
some T cells were inhibited from forming E-rosettes by a loosely bound suppressive
substance. The percentage of E-rosettes also correlated with the PHA response of :
the peripheral blood lymphocytes ( r = 0.47, p = 0.05). 3

Most burn patients did not demonstrate an impaired response of the peripheral blood
lymphocytes to PHA stimulation in vitro. However, a depressed PHA response was
associated with severe infection and high mortality (Table I and II). Four of the

7 patients who manifested this finding died. Conversely, no burn patient died with-
out manifesting severe depression of the peripheral blood lymphocyte response to PHA.
The presence of circulating suppressor leukocytes as evidenced by their ability to
suppress the response of normal human lymphocytes to PHA was studied serially in 7
patients (27 samples) and correlated with depression of PHA-induced blastogenesis

(r = 0.074, p < 0.001).

These studies suggest that the presence of circulating low molecular weight immuno-
suppressive substances is an almost invariable consequence of a major burn injury.
Although this circulating immunosuppressive material may inhibit host resistance to
infection many patients who manifest this finding survive. However, the development
of 50% or more suppression of response of peripheral blood lymphocytes to PHA and
the appearance of circulating suppressor leukocytes is associated with a grave
prognosis. A summary of this work will be published in the Surgical Forum (reprint
enclosed). A more complete report of this work is under preparation.

Investigations of the biological effects of low molecular weight serum suppressive
material (G25 Sephadex peak III} from trauma and burn patients have been carried out
in animal systems. Peak III material from burn patients, from normal individuals

and from patients who developed suppressive serum following aortic aneurysm replacement
was injected into groups of 10 A/Jax mice which were t&en challenged with an LD 25
dose of Listeria monocytogenes organisms, usually 5x10° organisms. The peak III

from burn patients at 5 mg per mouse induced a 90% mortality. Control mice manifested
a 10% mortality. Control mice manifested a 10% mortality. Peak I from the same

burn serum also yielded a 10% mortality, and Peak III administered without Listeria
did not produce any mortality. Similarly, Peak III from aneurysm patients induced

a 60% mortality with a control mortality of 20%, Peak I from aneurysm patients

induced a 10% mortality. Peak III from pooled normal serum yielded a 20% mortality,
the same as in control mice. The whole pooled normal serum protein yielded a

30% mortality. We believe that these experiments offer convincing evidence that

the circulating low molecular weight immunosuppressive material from burn and trauma
patients suppresses the resistance to sepsis.




We also initiated experiments during the past year to determine the effect of Peak
IIT material on the induction of suppressor cells in mice. Spleens from mice
previously injected with 5 mg of Peak III from burn patients were able to suppress
the PHA response of normal mouse spleen cells in a graded dose response fashion.

Finally, during the past year we have developed an animal model in which to study
the induction of impaired cellular immune responsiveness following trauma in

order to study this phenomenon under more controlled conditions than is possible

in man and especially in order to study in the future the potential usefulness of
various therapeutic interventions directed towards abrogating the inhibition of
cellular immunity seen under these conditions. Splenocytes from CS57BL mice
traumatized by amputation of the right hind limbs under general anesthesia were
consistently shown to have a significantly (by Students t test) diminished capacity
to proliferate in response to alloantigens and to form alloreactive cytolytic cells
in mixed lymphocyte culture (Table III).




TABLE I -

Burn Patients

Survivors
. ~ (14 patients)

Mean % Serum Suppression* . 72.0%

* Mean Reduction in PHA Blastogenesis* 30.8%

* mean of greatest level of suppression measured in

Deaths

(5 patients)

69.4%

82.4%

each patient
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TABLE 111
Comparison of Cytolytic Activity After MLC of Lymphocytes

from Normal Animals with those from Traumatized Animals

-

- . |
. . . . . '

Experirent L:T" Normal¥ .,.' ! Trauna ® . _ . A .
: ' . (% Lysis + SEM) o ) '
1 70:1 46.5 * 2.9 . 18:1+0.3 €0.001 |
35:1 : 37.5 + 1.4 . 13.6 + 1.4 40.001 i
117.5:1 29.3 + 0.3 . 85+08 - (0.001 ]
1
2 . 70:1 67.4 + 2.1 . 35.9 % 2.8 <o0.00t |}
55:1  41.4 + 4.6 | 23.7 + 0.9 0.01 ]
17.5:1 26.0 + 1.9 : 16.5 + 0.4 £0.01
. .. : :
3 70:1 35.7 + 1.1 - 1.5 + 0.1 - Lo.01
35:1 21.8 + 0.8 1.0 + 0.6 £0.001
17.5:1 13.7 + 1.7 i 0.3+ 1.0 g Z0.01
, * Lymphocyte to target cell ratio-
: Effcctor cells prepared from at least 3 normal mice. ’
¢ Effector cells prepared from at least 3 traumatized mice. (amputation 2 days earlier)




TABLE IV

Effect of Anesthesia with Ether on the Induction of CL in LLC.

LT Normal® ' Anesthetized? P
( % Lysis + SEM)

70:1 80.0 + 2.5 < 80.6 + 5.2 . 0.9

35:1 " 81.0+ 4.7 7.8 + 8.9 0.7

17.5:1 63.9 + 5.8 | 62.7 + 1.9 . 0.8

* Lymphocyte to target cell ratio.

i Effector cells prepared from at least 3 untreated mice.

§ Effector cells prepared from at least 3 mice anesthetized with ether two
days earlier.




TABLE V

Characterization of Suppressor Cells from Traumatized Animals

Addition of cells,to

Experiment normal mouse MLC % lysis + SEM P
1 None (control 62.5 + 2.2 -
Unfractionated trauma splenocytes 49.3 + 0.4 < 0.01
Gﬁx-trauma splenocytes 61.5 + 1.7 NSI
GA trauma splenocytes 0.4 + 0.8 < 0.00
. GNA normal splenocytes 66.2 + 3.4 NS
GA normal splenocytes 55.2 + 2.4 S
2 None (control) . 70.1 + 3.2 -

Unfractionated trauma splenocytes '55.3 + 1.0. ( 0.01
Nylon wool-eluted trauma. splenocytes 67.3 + 1.4 NS
‘Nylon wool-retained trauna sélénocyfes 52.7 + 1.6 -0.01

3 None (coﬁtrol) 66.0 + 2.5 -
Unfractionated trauma spienocytes 29.8 + 2.8 £ 0.00
Anti-Thy 1.2 + C-treated trzuna
splenocytes .31.6 + 1.2 < 0.00
Anti- Ig + C-treated trauna splenocytes 41.7 + 1.2 £ 0.07
C-treated trauma splenocytes 29.5 + 2.2 £ 0.00

4 ﬁone (control) 76.7':_5.f :
Nylon wool-eluted normal splenocytes 52.4 :;7.3 NS i
Nylon wool-retained normal splenocytes 80.2 + 4.9 NS T
Anti-Thy 1.2 + C- treated normal . ;
splenocytes 81.9 + 4.5 NS ;
Anti-Ig + C-treated normal splenocytes 73.2 + 6.2 NS
C-treated normal splenocytes 85.3 + 7.8 NS

Splenocytes prepared from rice whose limbs were amputated 2 days earlier were fraction
by adherence to glass Petri dishes or nylon wool columns (2 cycles), or by treating wi
anti Thy 1.2 or znt-Ig sera and C . 2x10° nylon-treated .and R\lO anti-sera trected ©

were adided to normal coaventional MLC. . '
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WMUNOLOGY
INDUCTION OF SUPPRESSOR CELLS BY TRAUMA. B. S. Wang, E. H.
Heacock®, and 1.A, Mannick, Harvard Medical Schuol and Peter
Bant Brigham Hospital, Boston, MA 02115,

Trauma is often accompanied by a loss of immunocompetency
which may contribute to morbidity and mortality from infec-
tious complications. In order to better understand the na-
ture of the imauncincompetency induced by trauma, we under-
took the present study. CS7BL/6 mice were traumatized by
surgical amputation of their right hind limbs. Splenocytes
were preparcd from these mice two days after amputation. The
imrunoreactivity of these cells was tested in an ig vitro
sys.tem in which alloreactive cytolytic lymphocytes (CL) were
generated. Splenocytes from traumatized mice were consistent-
1y shown to have a diminished capacity to form CL. This in-
competency was Jetected from two hours to six days after sur-
gical trauma and was completely reversed by removing phagocy-
tic cells from the cultures. Furthermore, addition of these
trauma splenocytes to mixed lymphocyte cultures from normal
mice prevented normal lymphocytes from being sensitized to
slloantigens, suggesting the presence of suppressor cells.
The suppressor cells were found to adhere to glass and to
nylon wool columns. They were vesistant to treatment with
anti-thy 1.2 and anti-Ig sera in the presence of complement.
Therefore, results suggest that a thy l.2-negative, Ig-
negative cell population capable of adhering to glass and
nylon wool, presumably macrophages, was responsible for
inkibiting the rvesponse of lymphocytes to alloantigens in
trauzatized animals. (Supported by USPH5 (M26016-01.)

A-1




Reprinted from American College of Surgeons 1980 Surgical Forum Voluwme XX XI,

CHAPTER 1l - Infections, Trauma,
and Burns

RELATIVE CLINICAL IMPORTANCE OF SERUM
SUPPRESSOR FACTORS AND CELLULAR SUPPRESSION
IN MAJOR BURNS

John H. N. Wolfe, MB, FRCS,

Nicholas E. O’Connor, MD, FACS, '
Anthony E. Young, McH, FRCS, Inna Saporoschetz, AB,

and John A. Mannick, MD, FACS '

SYSTEMIC INFECTION is the leading cause of morbidity and mortality
in burned patients. Both cellular immune suppression (1) and serum
immunosuppressive factors (2) may inhibit host resistance to the bacteria
invariably present in burn wounds. The relative clinical importance of
these immune responses is poorly understood. We have therefore studied
19 patients (aged 20 to 84 years) with full-thickness burns and related
their clinical course to the following immunologic functions: serum
suppression of normal PHA blastogenesis. E-rosette formation, the PHA i
response of nylon wool nonadherent cells, and the presence of nylon wool |
nonadherent suppressor T cells. |

MATERIALS AND METHODS

The clinical course of the patients was monitored and their chance of
survival was assessed from the Brigham Hospital burn data by probit
analysis. The patients were then divided into two groups: less than 35%
and greater than 35% chance of survival. During the course of the illness,
peripheral venous blood samples were tested for immunosuppressive activ-
ity in vitro. Fourteen normal volunteers served as controls. Nonadherent T
cells were recovered by eluting them from a nylon wool column. Their
viability was greater than 90% with the trypan blue exclusion technique.
The blastogenic response of these cells to phytohemaglutinin (PHA) was
tested after two days incubation. The results were expressed as counts/
minute of the incorporated 3H-thymidine and related to the response of
normal control cells. A stimulation of less than 50% of normal was con-
sidered significant depression. The patients’ cells were also incubated
with normal cells and PHA to assess the ability of the cells to suppress

From the Department of Surgeryv, Harvard Medical School. Peter Bent Brigham
Hospital, Boston.
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INFECTIONS, TRAUMA, AND BURNS " 59

the normal lymphocyte response. E-rosette concentration was measured,
and less than 15% of rosette-forming cells was considered abnormal.
Serum samples were studied for their ability to inhibit normal PHA-
induced lymphocyte proliferation. Sera were added to the culture medium
of microtiter plates in 10% and 20% concentrations. Controls included
cultures with no addition of serum and those with 10% and 20% pooled
normal serum.

RESULTS

Serum immunosuppression developed in 16 of 19 patients during their
iliness, and 13 of these patients developed a systemic infection. The time
of immunosuppression could not be related to existing or subsequent
infection, however, and two severely burned patients with systemic infec-
tion did not have suppressive serum. The presence of serum immunosup-
pression did not correlate with survival.

The concentration of E-rosette-forming cells correlated with the pres-
ence of serum immunosuppression (r = 0.57, P = 0.01) after a single cell
wash but not after six washings. Twelve patients failed to form E-rosettes
when the cells were washed once (mean = 6.4% rosette formation) but
after six washes the E-rosette cell concentration rose to a mean of 16.5%.
This suggests that some T cells were inhibited from forming E-rosettes
by a loosely bound suppressive substance. E-rosette concentration also
correlated with the PHA response of the cells (r = 0.47.P = 0.05).

Failure of the peripheral blood lymphocyte response to PHA was
uncommon and was associated with severe infections and a high mortality.
Of the seven patients with this finding, four died, one developed a candida |
endocarditis (despite having only a 40% burn), and the other two had a
protracted hospital stay and system infections (84 and 60 days hospitali-
zation for 35% burns). No patient died without severe depression of the
lymphocyte response to PHA.

In 27 samples the PHA response was tested after a single cell washing
and after six washes, and improved more than 50% after six washes.
In 11 samples, however, there was no difference between washing the cells
three and six times. After the single wash, serum factors may still affect
the PHA response but the failure to improve blastogenesis after repeated
washings suggests that the suppression is intrinsic and not caused by an
inhibitor loosely attached to the cell surface. The results of PHA response
after three and six washes were therefore used to measure the degree of
suppression of the lymphocytes.

Th= presence of suppressor T cells was studied serially in seven patients
(27 samples) and correlated with the failure of PHA blastogenesis (r =
0.074, P <0.001).

Serial studies in 13 patients showed that serum suppressive factors
developed during the first week after the burn and in the more severely
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INFECTIONS, TRAUMA, AND BURNS 61
burned patients the T cell response to PHA also became subnormal. but a
T cell response of less than 50% of normal was uncommon.

CONCLUSION

Serum immunosuppression is an almost invariable consequence of a
moderate or major burn injury. Although this immunosuppression may
inhibit host resistance to infection, many of these patients survive. How-
ever, the development of suppressed blastogenesis of peripheral blood
lymphocytes and the appearance of circulating suppressor T cells is associ-
ated with a grave prognosis (Table 2).

Table 2-Prognosis after appearance of circulating suppressor T cells

Survivors Deaths
(N=14) (N =35)
(%) (%)
Mean % setum
suppression 720 69.4
Mean reduction
in PHA blastogenesis 30.8 82.4

Mean of greatest level of suppression measured in each patient,

REFERENCES

1. Miller CL, Baker CC: Changes in lymphocyte activity after thermal injury.
J Clin Invest 63:202-210, 1979

2. Constantian MB: Association of sepsis With an immunosuppressive polypep-
tide in the serum of burn patients. Ann Surg 188:209-215, 1978







Generation of Suppressor Cells in

Mice after Surgical Trauma

BOSCO SHANG WANG, ELOISE H. HEACOCK, ANDREW V. (L. WU and JOHN A, MANNICK,
Department of Surgery, Peter Bent Brigham Hospital, Harcard Medical School,

Boston, Massachusetts 02115

ABSTRACT Immunoincompetency is often seen in
patients after various types of trauma and is associated
with increased morbidity and mortality from infectious
complications. To understand better the immunologic
impairment associated with trauma, we have studied
this phenomenon in an animal model. Splenocytes from
mice traumatized by amputation of their right hind
limbs were consistently shown to have a diminished
capacity to proliferate in response to alloantigens and to
form alloreactive cvtolyvtic cells in mixed lymphocyte
cultures. Anesthesia itself had no effect in this system.
The immunoincompetency was detected from 2 h to
6 d after surgical trauma and was completely reversed
by removing adherent and phagocytic cells from the
splenocytes. Furthermore, addition of splenocytes from
traumatized mice to mixed Iymphocyte cultures from
normal mice prevented normal lymphocytes trom re-

sponding to alloantigens, suggesting the existence of

suppressor cells. The suppressor cells were found to
adhere to glass and to nylon wool columns, and were
contained within an esterase-positive cell population.
They were insensitive to treatment with anti-Thy 1.2
and anti-1g sera in the presence of complement. There-
fore, the present results suggest that a Thy 1.2-nega-
tive, lg-negative, esterase-positive cell population cap-
able of adhering to glass and nylon wool, presumably
macrophages, was responsible for the inhibition of the
responsiveness of lymphocytes to alloantigens in
traumatized animals.

INTRODUCTION

Trauma is often accompanied by a loss of immuno-
competency, which may contribute to morbidity and
mortality from infectious complications. Shortly after
major surgical operations, accidental trauma or burns,
patients are found to have impaired cell-mediated

Dr. Wu is a recipient of a grant from the Wellcome Travel
Trust.

Received for publication 29 January 1980 and in revised
Jorm 11 April 1980.

immunity including anergy to skin test antigens o1, 20,
The phagocvtic capability of macrophages (3) and
neutrophils (4) is diminished. Some investigators also
report decreased  levels of immunoglobulineg and
complement in these patients (5-7). Although the
mechanisms by which severe injuny induces immuno-
suppression are not yet clear, suppressor cells may be
partially. re  onsible as recentls  demonstrated n
Miller and Baker (8).

To better understand the nature of immunoincom-
petency induced by trauma, we have developed an
animal model in which mice are traumatized by surgi-
cal amputation of their right hind limbs, We have used
this model in the present study to demonstrate that
Ivimphocytes from these animals manitest significantly
lessened immunologic reactivith. We have further
attempted to identify the canse of this depressed
cell-mediated immune responsiveness and have found
macrophage-like suppressor cells in the spleens of
these amputated mice.

METHODS

Animals.  Male C57BL/6] (H-2"), DBA2) (H-2%, and
CBA/] (H-2Y mice, age 8-12 wk, were used in this studs.
All strains were obtained from The Jackson Laboratony .
Bar Harbor Maine.

Traumatization of animals.  Animals were traumatized by
surgical amputation of their right hind limbs. Mice were
anesthetized with ether, the upper femur was broken with
heavy forceps, and the limbs were excised with an elec-
trocautery. The wound was closed with autoclips.

Preparation of mouse lymphoid cells.  Spleens were re-
moved from mice at varving intervaly after amputation. A
single cell suspension was prepared by teasing the splecos
apart and rinsing through Nos. 40 and 80 stainless steel
mesh screens. These splenocytes were subsequently purified
by Ficoll-Hypaque gradient centrifugation. Cells  were
washed three times and counted in a hemocytometer. The
viability of these cells was always >98% as judged by trypan
blue dye exclusion. Peritoncal exudate cells (PEC)' were ob-

! Abbretiations used in this paper. C, complement; CL.,
cytolytic lyvmphocytes, Con A, concanavalin A, FCS, fetal
calf serum; GA, glass adherent; GNA| glass nonadherent;

200 J. Clin. Invest. © The American Society for Clinical Investigation, Inc.  O021-9738K0086200/10  $1.00
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tained by washing the peritoneal cavity with Hanks” balanced
salt solution tHBSS). We did not inject any peritoneal stimu-
lant before harvesting PEC to avoid nonspecific activation of
macrophages. Approximately 30-40% of PEC were esterase-
positive cells as determined by evtochemical staining with
a-naphthvl-butvuate-esterase (9).

Nylon wool column filtration.  To obtain a population rich
in T cells, splenocytes purified by Ficoll-Hypaque gradient
centrifuzation were filtered through two successive nylon
wool columns as described by Julius et al. (10). Approxi-
mately 300 mg of nvlon wool (Leuko-Pak, Fenwal Ine., Ash-
land, Mass.) was packed into a 5-ml syringe. Before use,
columns were incubated with RPMI 1640 medium (Gibeo
Laboratories, Grand Island Biological Co., Grand Island,
N. Y at 37°C for 30 min. The columns were Hushed with
medium and 5 x 107 lvmphocytes in 2 ml of RPMI 1640
medium containing  10%  heat-inactivated tetal calf serum
(FCS, Gibeo Laboratories) were then placed on the columns.,
After incubation at 37°C for 30 min, efHuent cells were col-
lected by rinsing the columns with 10 ml of medium. These
cells were subsequently placed on a second colunm and incu-
bated at 37°C for an additional 30 min. The effluent cells
from the second column were characterized as T lympho-
evtes because they no longer responded to lipapolvsaccharide
(LPS), whereas their responses  to phytohemagglutinin
(PHA) und concunavalin A (Con A) remained intact. Cells
retained by the first nylon wool column were collected
by repeatedly compressing the nylon wool. These cells had
an increased LPS responsiveness, whereas both PHA and
Con A responses were significantly decreased. Less than
0.1% of nyvlon wool-filtered cells were esterase-positive,
whereas 3-5% of nylon wool retiained cells were esterase-
positive.

Treatment of lymphocytes with anti-Thy 1.2 serum and
complement (C). T lymphocytes were depleted by treating
splenocytes with anti-Thy 1.2 serum and C. Approximately
107 splenocytes were incubated in 1.5 ml of HBSS with
monoclonal anti-Thy 1.2 antibody (5 x 107* dilution) (New
England Nuclear, Boston, Mass.) and Low-Tox guinea pig €
(1710 dilution) (Cedariane Laboratories, Hicksville, N. Y))
at 37°C for 60 min. The cells were then washed three times,
This treatment depleted T lymphocytes because both PHA
and Con A responsiveness of these treated cells was destroved,
whereas the LPS response remained intact.

Treatment of lymphocytes with anti-immunoglobulin (1)
antibody and C.  Approximately 107 splenocytes were incu-
bated in 1 ml of HBSS with /8 dilution of rabbit anti-mouse
Ig serum (Miles Laboratories Inc., Elkbart, Ind.) at 37°C
for 30 min. 0.5 ml of a /5 dilution of C wus then added
and the cells were incubated for an additional 30 min. The
cells were then washed and examined for their responsiveness
to various mitogens. These treated cells were found to be
functional T lymphocvtes because they no longer responded
to LPS. whereas both PHA and Con A responses remained
intact.

Collection of adherent cells with glass petridishes.  Splen-
ocytes were suspended in RPMI 1640 medium containing
10% FCS at a cell concentration of 5-10 x 10%m]. These
cells were incubated in glass petri dishes at 37°C, in a 10%
€O, atmosphere for 2-3 h. Cells not adhering to the dishes
were carefully removed and designated as glass nonad-
herent (GNA) cells. After washinyg the dishes with warmed
mediun twice, glass adherent (GA)Y cells were collected by

HBSS, Hanks’ balanced salt solution; LPS, lipopolvsaccharide
(E. coli 055:B5); L. T, lymphocyvte to target cell ratio; MLC,
mixed-lymphocyte culture; PEC, peritoneal exudate cells;
PHA, phytohemagglutinin.

gently scraping the dishes with a rubber policeman. GA
cells were predominantly iacrophages, since >90% were
esterase-positive cells, whereas the GNA population con-
tained <2% esterase-positive cells.

Removal of phagocytic cells with carbonyl iron and
magnet.  Macrophages were also depleted by the carbonyl
iron and magnet technique. Ficoll-Hypague gradient purified
splenocytes were suspended in carbonyl iron Ivinphocyte
separator reagent (Technicon Instruments Corp., Tarntown,
N, Y at a cell concentration of 5 x 10%ml. After 20 min
incubation at 37°C, cells were immediately diluted with 5 vol
of HBSS. Phagocytic cells were removed by four successive
treatments with a magnet. About 50% of the original cells
remained after this procedure, and <1% were shown to be
esterase-positive cells,

Proliferative response of splenocytes to  alloantigens.
Single cell suspensions were prepared from C37BL/6 and
DBA/Z or in some instances CBA mice as previoush de-
scribed. Mouse ervthroeytes were lysed by a 3-min exposure
to a 0.83% Tris-NH,Cl solution. After heing washed three
times with HBSS, these splenocytes were suspended in
RPMI 1640 medium containing 5% FCS. 2 mM L-glutamine
(Gibeo Laboratories), 100 Uil of penicilling and 100 ggaml
of streptomyein (Gibeo Laboratories). C37BL6 responder
splenocytes together with various members of DBA2 or
CBA splenocytes that had been irradiated with 1,500 rad of
gamma radiation in 0.2 ml of medium were added to cach
well of a Falcon Microtest 11 culture plate (Falcon Labware.
Div. of Becton, Dickinson & Co., Oxnard, Calif,. The culture
plates were incubated at 37°C, in a 10% CO, and water-
saturated atmosphere for 48 he 1 pCi of PH]thyvinidine 20
Ci/mmol sp act, New England Nuclear! was added to cach
well and cultures were continued for an additional 16 h. Cells
were harvested by a Mash 11 automatic hurvesting machine
(Microbiological Associates, Walkersville, Md.), *H-libeled
DNA of the splenocytes was precipitated on a glass fiber
filter after the cells were lysed with 5% trichloracetic acid.
Each sample was added to 5 ml of cocktail 1)« mixture
of 100 g naphthalene, 5 g of PPO, and | liter of [ 4-dioxane and
counted in a liquid scintillation counter (Packard Tustrument
Co., Downers Grove, L), The mean counts per minute
tepm) was obtained from triplicate cultures and the stimula-
tion index (SI) was caleulated by the following formula: SI
= cpm of responder splenocvtes co-cultured with irradiated
stimulating splenocytes per cpm of responder splenocs tes
alone. The significance of the ditference between the stimu-
lation index of normad C57BL/6 spletiocy tes and that of spleno-
cyvtes from travmatized C57TBLAG mice was determined by
Student's ¢ test.

Induction of alloreactive cytolytic lymphocytes (CL) in
mixed-lumphocyte cultures (MLC).  Splenocyvtes were pre-
pared from mice as deseribed. 107 C3TBL6 cells were incu-
Lated with 8 x 10% irradiated DBA2 cells in 4 m) of RP\M]
1640 medium containing 5% FCS, 2 mM L-glutamine, 10
mM  Hepes (Gibeo  Laboratories), .4 mM 2anercapto-
cthanol (Eastman Kodak Co., Rochester, No Yo and 100 Ul
of penicillin and 100 ggym] of streptomyein. These MLC
were performed in 16 x 125 mim glass culture tubes tor 5.d
at 37°C, in a 10% CO, in air, water-saturated atinasphere
After incubation, cells were washed twice with HBSS and
counted. Approximately 40% of the total original cells were
viable at this time.

Microcytotoxicity assay.  Mastoevtoma cells, P85 (H-2™M),
maintained by serial intraperitoneal passage in DBA2 mice
were used as targets. After bheing washed onee with HBSS,
5-7 x 10F P815 cells were incubated with 300 uCi MCroas
sodiuvm cromate (275 mCi/mg sp act, New Engdand Nuclean
in 0.5 ml ot HBSS at 37°C for 90 min. Cells were then washed
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three times and suspended in RPMI 1640 medium contain-
ing 10% FCS. 10* of these 3'Cr-labeled P815 cells in 0.05 ml
were added to each well of a Linbro microtiter plate (18-
MVC-96S; Linbro Chemical Co., Hamden, Conn.). Effector
C57BL/6 cells generated in 5-d MLC in 0.1 ml of medium
were also added to each well at effector to target cell (1.:T)
ratios of 70:1, 35:1, and 17.5:1. Unless otherwise noted
results were presented from cultures with an L: T ratio of 70: 1.
Microtiter plates were centrifuged at 40 g for 5 min, and then
incubated at 37°C for 3.5 h. After incubation, plates were
centrifuged at 600 ¢ for 10 min and 0.1 ml of culture medium
was carefully removed and counted in a gamma counter
{Packard Instrument Co.). The cytotoxicity presented as per-
cent lysis was calculated from triplicate cultures by the follow-
ing formula: percent lysis = (E — $/M - 8) x 100, where
E = counts per minute of »Cr from experimental cul-
tures; $ = counts per minute of 3*Cr spontaneously released
from labeled P813 cells; M = counts per minute of *Cr
released from labeled P815 cells that had been frozen and
thawed three times. Statistical analysis was done by Student’s
t test.

RESULTS

Effect of trauma on lymphocyte proliferation in re-
sponse to alloantigens. 108 splenocytes prepared from
normal C537BL/6 mice or from mice that had had their
limbs amputated 2 d earlier, were co-cultured with vari-
ous numbers of irradiated DBA/2 splenocytes in
one-way MLC. After incubation, incorporated [*H]thymi-
dine was measured and the stimulation index was sub-
sequently calculated. As indicated in Fig. 1, the pro-
liferative response to alloantigens was impaired when
splenocytes were prepared from traumatized mice. A
significant difference between normal splenocytes and
splenocytes from traumatized mice was seen when they
were co-cultured with 7.5 x 10° and 10°* DBA/2 mouse
splenocytes (P < 0.05 and <0.01, respectively).

Effects of trauma on the induction of CL in titro.
In the next series of experiments, we compared the
induction of CL in vitro in splenocytes from normal
animals with that in splenocytes from animals whose
limbs were amputated 2 d earlier. As shown in Table I,
normal C57BL/6 splenocytes incubated with irradiated
DBA/2 splenocytes for 5 d became cytolytic to P815
tumor cells. In contrast, splenocytes obtained from
traumatized C57TBL/6 mice were significantly less eyvto-
lytic to P815 cells after co-culture with DBA/2 spleno-
cvtes. These results clearly suggest that the ability of
splenocytes from the traumatized animals to be con-
verted to CL responding to alloantigens is reduced.
This conclusion was supported by a subsequent ex-
periment in which a wider range of L:T ratios (100:1
to 12.5:1) were examined. As indicated in Fig. 2,
splenocytes from normal mice manifested significantly
greater cytotoxicity than those from traumatized mice
at all L: T ratios tested. This decreased capability of CL
induction was not simply due to the effect of anesthesia
since the cytotoxicity of splenocytes from mice that had
had anesthesia with ether without amputation of the
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FIGURE 1 10% splenocytes prepared from normal (@) or
traumatized (2) C37BL/6 mice were cocultured with 2.5
x 105-10% irradiated DBA/2 splenocytes in a one-way MLC.
After incubation, incorporated [PH)thymidine was measured
and the stimulation index was subsequently determined
(Methods).

limbs was similar to that of control splenocyvtes
(Table 1I).

Kinetics of depressed cellular immunity after
trauma. A group of age-matched C57BL/6 mice were
housed in the same cage. Three mice were chosen to

TABLE [
Comparison of Cytolytic Activity after MLC of
Lymphocytes from Normal Animals with those
from Traumatized Animals

Eapenment LT Normal* Travmat r

O lusis SEM

1 70:1 46.5+2.9 18.1+0.3 <0.001
35:1 37514 13.6=1.4 <(.001
17.5:1 293203 8508 <0.001
2 70:1 674221 35.9+2.8 <0.001
35:1 41.4+4.6 23.7+09 0.01
17.5:1 26.0=19 16.5+0.4 <0.01
3 70:1 357+1.1 1.5+0.1 <0.01
35:1 21.8+08 1O+0.6 < 0.001
17.5:1 13.7+1.7 0.3+1.0 -0.01

* Effector cells prepared from normal mice.
1 Effector cells prepared from tranmatized mice.
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FICURE 2 Splenocvtes were prepated from nornad - @ or
tramimatyzed CHTAL O e Atter incubation wathe e
radiated DBA 2 plenocstes b 3 these cells were tested for
the ervtotontemty asanst 2L ded PSTY taget colle at 1.1
ratios of 1001 1251

be wnputated cach dan . Al anmmals were hilled 8 datter
the beginning of the study . Splenoeyvtes were prepared
trom cach group of mice mdividually and mived with
irradiated DBA 2 hvmphocvtes. After 5din MILC,
cells were tested tor evtotenicity against PRI3 tar-
wets. Ay shown in Fig. 30 the capability of lvinphoeyvtes
to be converted to CLowas again impaired in mice
whose limbs were amputated. Even when amputation
was performed as short a time as 2 h before testing, a
significant decrease in the generation of CL became
detectable. This effect gradoally disappeared  be-
ginning 2 d after amputation, but it remained signik-
cant throusgh the 6th d. An over-shoot effect was seen
when mice were amputated 8 d hefore testing.
Wealso performedasimilar experiment in which two
mice were anesthetized with ether without amputation
cach day. ANl mice were killed at day 7 and their
splenocytes were harvested for testing for the CL

induction in vitro. As demonstrated in Fig. 4. none of

these splenocvte populations was shown to have
impaired CL induction. In fact, a slight increase in CL
activity was seen in those splenocytes obtained from
mice that had had anesthesia 4-6 d previously. This

TasLe [
Effect of Anesthesia with Ether on the
Induction of CL in MLC

LT Narral® Nnesthetized r
fyaas - SEAL

70:1 80.0+25 80.6+5.2 0.9

33:1 81.0+4.7 77849 0.7

17.5:1 63.9+3.8 627+1.9 08

* Effector cells prepared from untreated mice.
t Eftector cells prepared from mice anesthetized with ether
2 d earlier.
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FICURE 3 A troup of C57BL/6 mice were housed i the same
vage. Three mice were chosen to be tranmatized cach dany
and all animads were killed 8 d after the beginning of this
study - Splenocytes were prepared from these mice, incuhated
with irradiated DBA 2 splenocytes for 3.d in MLC, and then
tested for their evtotoxicity. Splenocytes from normal mice
were similarfy tested and served as controls

study confirmed our previous ohservation (Table 1h
and turther suggested that anesthesia with ether was
not responsible for the decreased immune reactivity
seen with splenocytes from traumatized animals.
Characterization of the mechanism responsible for
depressing the generation of CL in traumatized mice.
We subsequently performed a series of experiments
in an attempt to characterize the mechanism  re-
spensible for the depressed ability to generate CL in
the cells of traumatized mice. In the first experiment
(Table HD CL generated from the splenocyvtes of

T

v ) 2 2 q 5 €
DAYS AFTER ANESTHESIA

FIGURE 4 A group of C37BL/6 mice were housed in the same
cage. Two mice were chosen to be anesthetized with ether
without amputation of the limbs. All mice were killed at day
7 and their splenocytes were harvested and tested for the
induction of CI, in MLC.

Immune Suppression Associated with Trauma 203
I




TasLe 11
Characterization of the Cell Type Responsible for Suppressing
the Induction of Cl.in Traumatized Animals

Percent
Fapetinent Eftector cells fvsis - SENL I
1 Norsal cells ccontroh) 50.0=2.5
Trawma cells 358.1+2.2 0.04
Tron magnet-treated trauna
cells 63.1+2.7 0.01
GNA tranma cells 61.6x1.5 0.01
GA travma cells 25.0+1.7 0.001
2 Normal cells reontrol) 47.3+1.3
Tron magnet-treated normal
cells 55.3+3.1 NS
GNA normal cells 47.2:52 NS
GA noral cells 26.49+2.0 < 0.00]
} Norual cells (controlt 39719
Tranma cells 37706 < 0.001]
CGNA trauma cells 64.9+3.1 NS
GNA trawma cells = 5 <100
GA travnma colls 43.6-1.8 S 0.01 - 00011
GNA taumaeells < 1 < 1on
GA trav cells 552-18 NS (<0051
CNA tiamacells = 1« 107
GA trauma cells 63.3+1.9 NS (NS

P yalues were determimed by comparing extolvtic activits of tramma cells with that

ot pormal control cells
'

3 P vabues i parentheses were deternmned by companne ey tolytic activity with that

of GNA tranma cells wathont the addition of GA tranma cells ipercent Ivsis = 64.9).

travmatized animals showed a significantly lessened
cvtotovicity (percent hsis = 3810 as compared to CI,
from the splenocyvtes of normal control mice (pereent

Ivsis = 30,00 However, this depressed generation of

CL was abolished when splenocy tes from traumatized
animils were treated with carbonvl iron and a magnet
cpercent Ivsis = 651 or removal of GA cells (percent
Ivaiy = 6161 wuggesting that cells capable of phago-
cvtosis and adhering to glass, presumably macro-
phaies, were responsible for preventing the induction
of CLin the splenocy tes of traumatized mice. As antici-
pated, GA cells recovered from the petri dishes were
not eytolvtic ipercent Iysis = 28.0),

In a second experiment normal cells after being
treated with ironsmagnet and glass adherence pro-
cedures (GNA cella) did not significantly alter the
eyvtolvtic activity . thus ruling out the possibility that the
techniques emploved contributed to the results seen
m the previous experiment, GA normal cells were
incapable of generating CL.

In a third experiment splenocytes from traumatized
mice again generated less CL activity in vitro (percent
Ivsis = 37.7) than splenocytes from normal mice (per-
cent Iyvsis = 59.7). Removal of GA cells from trauma
splenocytes increased activity (percent lysis = 64.9).

However, admixing 5 x 108 and 108 GA cells trom
traumatized mice with GNA cells of the same mice
again significantly decreased the evtotoxicity of the
GNA cells ¢ P < 0.0 and P < 0.05, respectively). Addi-
tion of 10° GA cells was ineffective,

Effect of spleen cells from traumatized animals on
the proliferative response of normal mouse lympho-
cytes in MLC. We subsequently attempted to deter-
mine whether or not the apparent suppressor cell
population in the spleens of traumatized mice would
affect the proliferative response of normal mouse
Ivmphocytes to alloantigens. 5 x 10° normal C537BL/6
mouse lyvmphoceytes together with 5 x 108 CBA or
DBA/2 mouse Ivimphocyvtes previously irradiated with
1,500 rad and 5 x 10° splenocytes prepared  from
normal or traumatized C57BL/6 mice were cultured for
2«1 wCi PHthymidine was then added and the
amount of [*Hithyvmidine incorporated into DN A was
measured 16 h later. The proliferative response wis
calculated as the ST as before. In the first experiment
(Fig. 5, left), splenocytes from traumatized mice signifi-
cantly decreased the capability of normal C57BL/6
mouse lvmphocyvtes to proliferate in response to CBA
monse vimphocytes in vitro (group D) as compared to
control cultures {group A; P = 0.01). GA cells prepared
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FIGURE 3 3 < 1 narmal C357BL 6 mouse lymphocytes were cultured vsth 5+ 107 iradiated
CBA et or DBA 2 iright) monse hmphocytes. 5« 10° additional unfractionated, GA and GNA

splenocytes from normad C3TBL6 mice were

added to caltures AL B, and € respectively, The

same number of untractionated. GAL and GNA (plenocytes prepared from tranmmatized meee

were also added to cultures D, K and F,
from triplicate cultures. Bars indicate SENL

from traumatized mice  turther inhibited normal
bymphocvte proliferation (group E; £ < 0.0D), whereas
GNA cells from the same traumatized mice had no
eftect (group F). Furthermore, addition of GA cells
tgroup B or GNA cells (group € prepared from
normal mice had no effect. A similar observation was
made in a second experiment in which DBA2 mouse
bymphocvtes were used as stimulating cells (Fig. 5,
richt). The proliferative response of normal hmpho-
ovtes was again significantly suppressed in MLC
when these cells were cocultured with nnfractionated
(group 1: P < 0.01) or GA (group E; P < 0.00D) spleno-
cvtes from traumatized animals, but not with GNA
trauma cells (group F). Furthermore, GA and GNA
splenocytes from normal mice were again shown to be
without effect.

Effect of suppressor cells from traumatized animals
on the induction of CL in the splenocytes of normal
mice.  We attempted to determine the eftect of sup-
pressor cells found in the spleens of traumatized ani-
mals on the ability of normal lymphocytes to generate
CL in vitro. We prepared conventional MLC by miving
107 normal C57BL/6 splenocytes with 8 x 108 -

radiated DBA2 splenocytes. Various numbers of

trauma cells were also added to some cultures. After
5 d incubation. cells were examined for their evto-

respectively. Stimualation index was caleunlated

toxicity. As demonstrated in Figo 6, addition of 108
and 3 x 10° splenocyvtes from traumatized animals
significantly  decrcased  the  capability  of normal
Ivmphocytes to become CL. GA cells purified from
the splenocytes of tranmatized mice showed a similar
suppressive etfect at fesser cell numbers. Furthermore,
PEC harvested from the same mice were highly
effective in preventing the genevation of CL from nor-
mal splenocytes.

In further experiments presented in Table 1V, the
addition of unfractionated splenocvtes from trauma-
tized mice consistently caused suppression of CL
induction in vitro. Again, this suppressive cffect was
completely abrogated when GA cells, shown to be
highly suppressive, were removed (experiment 1),
In contrast, both GN A and GA cells similarly prepared
from spleens of normal mice had no effect. In the sec-
ond experiment, the suppressive activity of spleno-
cvtes of traumatized mice was diminished by filtra-
tion of the cells twice through nylon wool columns,
Cells retained by nyvlon wool were collected. tested
and found to be suppressive of CLinduction. Treat-
ment of trauma splenocvtes with anti-Thy 1.2 plus C
and Calone did not alter the suppressive effect texperi-
ment 3). Although suppressor cells treated with anti-
I plus C showed aslightly Tessened suppressive ac-
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FIGURE 6 Various numbers of splenocytes (@) and PEC ()
obtained from traumatized mice were added to normal MLC.
After 5 d incubation. the cyvtotonicity of the normal spleno-
evtes was examined. GA cells isolated tfrom trauma spleno-
evtes were stmilarly examined ). Cytotoxicity of CL from
nonnal mice served as controls,

tivitv, this wuas not significantly  different from
that of untreated suppressor cells <P = 0.06). Finally,
additions of normal splenocyvtes fractionated on nylon
wool columas or treated with various antisera
and C to normal MLC did not inhibit the generation
of CL, suggesting that the observations made in the
previous experiments were not the result of the tech-
niques used for purifving subsets of cells (experi-
ment 4).

DISCUSSION

The findings reported in the present study are of prac-
tical interest because of the increasing body of evi-
dence that deficiencies of immune responsiveness
occur in traumatized patients and the probability that
immunodeficiency in these patients is related to an in-
creased susceptibility to life threatening sepsis. Ritz-
mann et al. (3) and Parker et al. (6) reported that after
severe thermal bums and major operations patients had
abnormally low levels of circulating Ig associated with
an increased incidence of bacterial infection. De-
creased immunoglobulin levels were similarly re-
ported in traumatized animals by Alexander and
Moncrief (11), and Cooper et al. (12). However, com-
pletely contradictory findings were reported by Rapa-
port and Bachvaroff (13), Markley et al. (14), and
Kinnaert et al. (13). Arturson and Fjellstrom . 7) ob-
served diminished serum complement levels in pa-
tients with bums and found that lethality of the bums

wis associated  with lower complement  levels,
Alevander et al. estublished a positive correlation be-

tween ahnornd neatrophil fanction and bacteremia
in surgical paticnts (161 Christou et ol also reported
that ilipaired neutrophil function was associated with
anergy and susceptibility to infection in patients under-
going nugor surgery (17

While antibody formation. complement activity, and
wneutrophil  function are unopiestionably dmportant
components of the host detense aaainst sepsis,an intact
cellular immune response is also apparently required
for adequate resistance toat Jeast some vaneties of
bacterial infectionsinee elinical anerey elearly aoreffec-
tion of deficient T Iy imphocyte responsiveness,is asso-
ciated with a grave prognosis and aninereased nsk
of sepsis in surgicalls or accidentally traumatized
patients (1, 20 13, 15=200. This association suggests
that abnormalities of cellular immunity detected i pa-
tients and experimental animals after trawmaand hums
have potential clinical significance.

It has been demonstrated that the sarvival of sKin
allografts is prolonged in patients who have severe
burms and that the Tenath of araft survival is directhy
related to the severity of the bums 210 Lyinphoid cells
obtained from rats subjected to bums or surgical iu-

jury are unable to manifest graft-vs-host reactions in

recipient rats differing at a minor histocompatibility
locus 22y, The incidence of tumor take 123, 24 and
spontaneous metastases (231 is increased when tumor-
injected animals are subjected to surgical operations.
The number of T Iymphocevtes is significantly de-
creased after burns as measured by rosette formation
with sheep ervthroevtes (260, Blast transformation in
response to PHA is impaired in Ilvmphocytes obtained
from postoperative patients as compared to those har-
vested before operation (27). Although lvinphocytes
from burned patients reportedly have an increased
PHA responsiveness (28). both stimulating and re-
sponding capability are lessened when these ivimpho-
cvtes are tested in MLC (293, Tumor-bearing mice
previously subjected to bums failed to produce eyvto-
Ivtic effector cells capable of destroving specific tumor
targets (300, In summary, these studies indicate that
cellular immune responses are adversely affected by
traumatic or thermal injun.

Evidence presented in this report adds further
weight to this concept since we have clearly demon-
strated that splenocytes harvested from mice that had
been surgically traumatized showed a significanth
lessened capacity to proliferate and to generate CL.in
response to alloantigens as compured to splenocyvtes
harvested from normal mice. This insnunoincom-
peteney could be detected as soon as 2 h after trauma
and persisted tor 6 d. It was fully reversed when
adherent and phagocytic cells were removed from the
splenocvtes, This finding in conjunction with the fact
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that the restoration of adherent eells resulted in the
return of suppression suggested  that macrophages
were responsible for the decreased immunologic re-
activity seen in the tranmatized animals. Furthermore,
addition of splenocytes and PEC from traumatized
mice suppressed the response of Ivimphocyvtes from
normal mice to alloantivens, indicating further that
suppressor cells were generated in mice after surdical
trauma. The decreased CLoinduction in traumatized
mice was not simply due to the eftect of anesthesia
since the evtotonicity of splenocytes from mice that had
been subjected to anesthesia with ether without
amputation wis tot decreased.

suppressive aclivity waas completely abirogated when
GA cells were removed from the splenocyvtes of trau-
matized mice. The GA cells were esterase-positive and
were shown to be highly suppressive, In contrast, both
GNAand GA cells from nomnad mice were inactive, Spleen
cells from trameatized mice rotained by nvlon wool were
active in inhibiting normal lymphocytes from respond-
ing to alloantigens, whereas nylon wool nonadherent
cells were not. Finallv, treatment with anti-Thy 1.2
and anti-Te sera in the presence of C had no signifi-

cant effect on the activity of the suppressor cells.
Therefore, we conclude that macrophage-like cells
that are Thy 1.2-negative, lg-negative, esterase-posi-
tive, and capable of adhering to glass and nvlon waal
were responsibfe for the suppression seen in this stady.

Although the mechanism by which traama induces
immunosuppression is not vet fully anderstood, sev-
eral passibilities have been suggested. Onr own labora-
tory <180, Muanster et all 2y, and Ninneman et al. 3D
have shown that serum obtained from patients after
major surgery or severe burns significantly inhibited
the blast transformation of normal Ivimphocvtesin vitro
in response to PHA. We (18) and Constantian (32,
33) reported that the suppressive factors) in trauma
and burn serum was a polypeptide fraction with a mol
wt <2 10,000, We have further shown that the presence
of such fow molecular weight suppressive material in
the serum is associated with clinical anergy in patients
after major surgery (18

Suppressor cells may also be responsible for the
immunodeficieney cansed by trauma as suggested by
Munster in 1976 (34). However, dircet evidence to
support this hvpothesis was not available until a recent
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