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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, anergy 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 in 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 PA 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.
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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
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
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).

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 5xl0 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.
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We also initiated experiments during the past year to determine the effect of Peak
III 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 C57BL 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).
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TABLE I

Burn Patients

Survivors Deaths
(-14 patients) (S patients)

Mean %Serum~ Suppression* 72.0% 69.4%

Mean Reduction in PHA Blastogenesis* 30.8% 82.4%

m zean of greatest level of suppression measured in each patient

1 5
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TABLE III

Comparison of Cytolytic Activity After MLC of Lymphocytes

from Normal Animals with those from Traumatized Animals

Experiment L:T Nora 4  7 _______

C % Lysis + SEM)

1 70:1 46.5 + 2.9 18:1 + 0.3 <0.001

35:1 37.5 + 1.4 13.6 + 1.4 (0.001

17.5:1 29.3 + 0.3 - 8.5 + 0.8 /0.001

2 70:1 67.4 + 2.1 35.9 + 2.8 4.0.001

3S: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 4.0.01

35:1 21.8 + 0.8 1.0 + 0.6 40.001

17.5:1 13.7 + 1.7 0.3 + 1.0 L40.01

* Lymphocyte to target cell ratio.

Effector cells prepared from at least 3 normal mice.

Effector cells prepared from at least 3 traumatized mice. (amputation 2 days earlier)
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TABLE T

Eff"ect of Anesthesia with Ether on the Induction of CL in MLC.

* +
L:T Nornral* Anesthetized~ P

C% Lysis + SEM)

70:1 80.0 + 2.S 80.6 + 5.2 0.9

35:1 81.0,-+ 4.7 77.8 +4.9 0.7

17*.S':1 63.9 + 3.8 62.7 + 1.9 0.8

*Lymphocyte to target cell ratio.

,Effector cells prepared from at least 3 untreated mice.

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



S- ".TABLE V

Characterization of Suppressor Cells from Traumatized Animals

Addition of cells*to
ExDeriment normial mouse MLC %lysis + SEI p

None (control 62.5 + 2.2

Unfractionated trauma spleriocytes 49.3 + 0.4 ( 0.01

GNA trauma splenocytes 61.5 + 1.7 NS+

GA trauma splenocytes 0.4 + 0.8 " 0.00

GNA normal splenocytes 66.2 + 3.4 NS

GA normal splenocytes 55.2 + 2.4 NS

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 trauma splenocytes 52.7 + 1.6 - 0.01

3 None (control) 66.0 + 2.5 -

Unfractionated trauma spienocytes 29.8 + 2.8 - 0.00

Anti-Thy 1.2 + C-treated trauma
splenocytes .31.6 + 1.2 . 0.00

Anti-Ig + C-treated trauma splenocytes 41.7 + 1.2 < 0.0.

C-treated tra,,a splenocytes 29.5 + 2.2 Z_ 0.00

4 None (control) 76.7 + 5.i

Nylon wool-eluted normal splenocytes 72.4 +7.3 NS

Nylon wool-retained normal splenocytes 80.2 + 4.9 NS

Anti-Thy 1.2 + C-treated normal
splenocytes 81.9 + 4.5 NS

Anti-Ig + C-treated norm'al 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 cycl,7), or by treatin Wi
anti Thy 1.2 or ant-IZ sera and C . 2x10 nylon-tratcd.and 5x10 anti-scra treated C

erc az, tc o r:o.nl coaX.,w:1iorvtl UL',C. [
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Travata is often accompanied by a loss of immsunocompetency
.hi h may con~tribute to morbidity and mortality from infec-
tious conpljeoti ons. In order to better understand the na-
ture of the itamunoin..ompetency induced by trauma, we under-
took the present study. CS7BL/6 mice were traumatized by
surgical amputation of their right hind limbs. Splemocytes
were preparsd from these mice two days after amputation. The
anrunareactivity of these cells was tested in an in vitro
ss>.tem in which alloreactive, cytolytic lymphcocytes (CL) -ere
generated. Splenocytes from traumatized mice were consistent-
ly shown to have a diminished capacity to form CL. This in-
competency was detected 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

alloantigens. suggesting the presence of suppressor cells.
The suppressor cells were found to adhere to glass and to
nylon wool columns. They were resistant to treatment with
anti-thy 1.2 and anti-I2 sera in the presence of complement.
Therefore, results suggest that a thy 1.2-negative. Ig-
negative cell population capable of adhering to glass and
nylon wool, Presumably macrophages. was responsible for
inhibiting the response of lymphocytes to alloantigens in
traunna:,.Ied animals. (Supported by USPHi aN26016-01.)
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Reprited tron A merictan Col'gec of Surgcons 1980 Surwical Forum Volume X.,

CHAPTER III - 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
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 Surgery, 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

illness, 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 16.57.
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% bums). 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 I I 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

A- 3
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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 = 5)

(%) (4

Mean % serum
suppression 72.0 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
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Generation of Suppressor Cells in

Mice after Surgical Traumia

BOSCOSIIANG WAN(;, Eiwist: H. liEAC:OCK,.-ANI)IIIEW '\.(0. \\U,iti and J~N A. M AN NICK,
D~epartmient Of Surgery,, Peter Bent B righam Ho ~ispital, Hlarvaird M~edical ScwoIl
Boston, Massachusetts 02115
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patients are found to have impairedi cell-miediated washed three times and couniltedo ilk a it ctmtr Thei
viability oif these cells was alwavs >9817 as Jlgeil bN tr% pali
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Dr. Wu is a recipient of a grant from the Wellciine Travel
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three times and suspended in RPMI 1640 medium contain- 5
ing 10% FCS. 104 of these "'Cr-labeled P815 cells in 0.05 ml
were added to each well of a Linbro microtiter plate (IS-
SIVC-96S; Linbro Chemical Co., Hamden, Conn.). Effector
C57BL/6 cells generated in 5-d M 'LC in 0.1 ml of medium
were also added to each well at eflector to target cell (1,:T)
ratios of 70:1, 35:1. and 17.5:1. Unless otherwise noted nolmo/

results were presented from cultures with an L:T ratio of7O: 1. x
Microtiter plates were centrifuged at 40 g for 5 main, and then L

incubated at 37°C for :3.5 h. After incubation, plates were z
centrifuged at 6W )g fir 10 rin and 0.1 ml of culture medium
was carefully remnoved and counted ini a galnnma counter 9

(Packard Instrument Co.). The cytotoxicity presented as per- ,r
cent lvsis was calculated fron triplicate cultures by the follow-
ing formula: percent lysis = (E - S/M - S) x 100, where
E = counts per minute of 

5mCr from experimental cul- 2

tures; S = counts per iunute of 
5

Cr spontaneous.ly released t

from labeled P815 cells; \1 = counts per ninute of Cr 2-

released friom labeled P815 cells that had been frozen and|omo
thawed three times. Statistical analysis wits done hy Student's
t test.

RESULTS

Effect of trauma on lymphocyte proliferation in re-
sponse to alloantigens. 10'splenocytes prepared from 0

5  5 75e05  io1

normal C57BL/6 mice or from mice that had had their NUMBERS OF STIMULATING CELLS

limhbs amputated 2 d earlier, were co-cultured with vari- FIGURE 1 106 sphenocytes prepared froin nornmal (0) oir

otis numbers of ita(liated I)BA/2 sl)lenocytes in trlaumattized (D) C57Bf1/6 inice were cocu t ured with 2.5

one-way NIL(. After incul)ation, incorporated [
1H]thymni- x 105- 10' irradiated l)BA/2 sphenocytes ini a one-way MLC.

(line was measured and the stimulation index was sub- After inculatioin, incorporated Ilthynidine was mcasured

seajuently calculated. As indicated in Fig. 1, the pro- ad the stimudation index was subsenuently deteinoined

liferative response to alloantigens was impaired when (Methods).

splenocytes were prepared from traumatized mice. A
significant difference between normal splenocytes and limbs was similar to that of control splenocytes

splenocytes from traumatized mice was seen when they (Table II).
were co-cultured with 7.5 x 10' and 10' DBAI2 mouse Kinetics of depressed cellular immunityj after

splenocytes (P < 0.05 and <0.01, respectively). trauma. A uroup of age-matched C57BL/6 mice were

Effects of trauma on the induction of CL in citro. housed in the same cage. Thrce mice were chosen to

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 TABLE I
limbs were amputatedl 2 d earlier. As shown in Table I, Comparison ofCito!itc Acticit . after MLC of

normal C57BL/6 splenocytes incubated with irradiated .inrphoyes from t orina Anirnals with those

DBA/2 splenocytes for 5 d became cvtolytic to P815

tumor cells. In contrast, splenocytes obtained from t I.T N\rnal* Traua, 1

traumatized C57BL/6 mice were significantly less cyto-
lytic to P815 cells after co-culture with DBA/2 spleno-
cytes. These results clearly suggest that the ability of 1 71):1 46.52.9 18.1±0o.3 <t.0()1

splenocytes from the traumatized animals to be con- 35:1 37.5± 1.4 13.6± 1.4 <o.(X)l

verted to CL responding to alloantigens is reduced. 17.5:1 29.3±0.3 8.5±11.8 <t).0X)l

This conclusion was supported byi a subse(uent ex- 2 711:1 67.4±2.1 35.9±2.8 <1.)1)

periment in which a wider range of L:T ratios (100:1 35:1 41.4 ± 4.6 23.7 ± 11.9 I).1
to 12.5:1) were examined. As indicated in Fig. 2, 17.5:1 26,1±. It) 16.5±11.4 --0.01

splenocytes front normal mice manifested significantly 3 71):1 357_- 1.1 1.5-_0.1 -0.1l1
greater cytotoxicity than those from traumatizedI mice 35:1 21.8-11.8 1.11±0.6 <11.1)1

at all L:T ratios tested. This decreased capability ofCl, 17.5:1 13.7 ± 1.7 CI3 - 1.0) .1.11
induction was not simply duie to the effect of anesthesia
since the cytotoxicity ofsplenocytes fromin mice that had Eflfector cells prepart.I froin nornmal mice.
had anesthesia with ether without amputation of the I EfTector cells prepared fromn trammiatized nliuce.

202 B. S. Wang, E. H. Heacock, A. V. 0. Wu, andJ. A. .\annick
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1 

b\ l N is ll \\o5)1 wct' Ictililt tt. t t'Stt'(

(:[ill \itro.W rpr-ltlilttt~a I. Iilli~ilw t ll funneld tss ib- suiijvtsivvt' of(1, inducittiion. 'rt-at-
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ticin eredl s' be ae of (1 itjl in ati n~iit ti b tttt Sf, ei- h 5t iilt t e hs tid 11Cill tt', (29)' i14Sl ti a Iit' 1111111
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