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/The major accomplishment of the past year of research spperted bycontract
.DAM4.J7-76-C-607&ewas the characterization of the substance chiefly responsible
for the immunosuppressive activity appearing in the serum of patients following
major trauma and burns. Pooled serum from such patients was subjected to DEAE
cellulose chromatograpny and further fractionated by gel filtration on G25
Sephadex. A low molecular weight fraction was found to contain the majority
of the suppressive activity as determined by its ability to suppress PHA
stimulation of normal human peripheral blood lymphocytes in tissue culture.
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11t was also demonstrated that, at a dose of approximately 5 mg per animal,
/ this low molecular weight fraction suppressed the plaque forming cell response
to sheep erythrocytes in mice by more than 50%. The low molecular weight
suppressive fraction was further fractionated by preparative high-voltage
electrophoresis in distilled water and acetic acid. Individuals ninhydrin
positive moieties were eluted from filter paper and recovered by lyophilization
These fractions were tested for suppressive activity in vitro and the majority
of the activity was found in a highly basic fraction, fraction 11. This
highly basic molecular species was not recovered from similarlu processed
serum from patients who had undergone minor surgical trauma or from normal
volunteers.
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Annual Progress Report - During the past year we have completed evaluation
of a series of patients undergoing major cardiovascular surgery. None of these
individuals was malnourished pre-operatively and none had cancer. All individuals showed normal reactivity to skin testing with recall antigens pre-operatively and none had serum suppressive of normal human lymphocyte activation
in tissue culture as defined by the ability of patient's serum in 10% concentration to suppress by 50% or more the response of normal human lymphocytes to
stimulation by 3 different doses of PHA. As controls, we'studied 15 patients
who underwent minor operative procedures, ordinarily.inguinal herniorraphy,
under general anesthesia. Of the 31 patients who underwent major cardiovascular
surgery, 14 developed suppressive serum by the 3rd post-operative day and of
these 14 patients 11 became anergic to skin test antigens .to which they had
previously been reactive. Of the 17 patients who did not develop suppressive
serum in the post-operative period, only 2 became. anergic. The correlation
between anergy and suppressive serum in the post-operative period in this
patient group was highly significant.
(See attached reprint)
By the 2Sth
post-operative day all patients who had undergone major cardiovascular surgery
had recovered normal skin test reactivity and had lost suppressive activity in
the serum. None of the patients who underwent minor surgical procedures
developed suppressive serum or became anergic at any time in the post-operative
period.
Among the major surgery patients, anergy and suppressive serum in the postoperative period werenot associated with the number of blood transfusions
administered in the peri-operative period nor the duration of anesthesia.

However, they were significantly associated with post-operative infectious
complications (p < 0.05) and with the days spent in the hospital post-operatively
(P • 0.01).
In an attempt'to determine the nature of the suppressive activity in the
serum of these major cardiovascular surgery patients, a pooled sample of serum
from 8 of these individuals was subjected to DEAE cellulose-chromatography and
the initial active peaks were then further fractionated by gel filtration on
G25 Sephadex columns. A low molecular weight fraction, Peak III, was found to
contain the majority of the suppressive activity as determined by its ability
to suppress PHA stimulation of normal human lymphocytes in tissue culture. We
also found that, at a dose of approximately 5 mg per mouse, Peak III suppressed
the plaque forming cell response to sheep red blood cells in mice by more than
50%. High molecular weight fractions from the same pooled serum had no effect.
',G25 Peak III was further fractionated by a method of preparative high voltage
electrophoresis in distilled water and acetic acid, pH 3.5. Individual ninhydrin
positive moieties were eluted from filter paper and recovered by lyophilization.
These fractions were tested for suppressive activity in vitro and the majority
of the activity was found in the highly basic fraction, fraction 11. This
highly basic molecular species was not recovered from a similarly processed
sample of serum from patients who had undergone minor surgery or from normal
volunteers (Figure 1).
Pure fraction 11 has been sent for analysis to the Hoffman 'LaRoche Institute
of Molecular Biology. Results of gas liquid chromatography ahd mass spectrometry are not yet available. However, by high pressure liquid chromatography,
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fraction 11 is found to be a pure molecular species. Since fraction 11 is homogeneous by both high voltage electrophoresis and high pressure liquid chromatography we believe we have recovered at least one molecule that has marked
immunosuppressive activity as measured by in vitro inhibition of human T
lymphocyte activation. Since this molecule is not found in detectable quantities
in a similar sample of normal serum or in the serum of patients who have undergone minor operative trauma and since it appears to account for the majority,
but certainly not all, of the immunosuppressive activity found in the serum of
patients who have undergone major surgical trauma we believe that further investigation of this molecule is clearly warranted.
Preliminary results in our own laboratory with acid hydrolysis of fraction
11 have yielded amino acids and a basic component which migrates on-high
voltage electrophoresis between lysine and the known polyamines (Figure 2).
We believe, therefore, that fraction 11 is likely .to be a polypeptide containing
a molecule with many free amino groups, perhaps a previously. undescribed polyamine
or a highly substituted amino acid. Since the estimated molecular weight of
fraction 21 is approximately 1,000 daltons or slightly less it seems likely
that fraction 11 could be commercially synthesized when its structure is known.
Such an eventuality would, of course, greatly simplify detailed investigation
of the immunological activity,of this material and the development of a radio"immunoassay.
While we have not yet shown that pure fraction 11 is active in vivo in an
animal species, the starting material from which fraction 11 was obtained, i.e.
G25 Peak IIr, is clearly suppressive in the mouse of the immune response to a
T dependent antigen in a manner similar to IRP fractions previously prepared in
our laboratory from huge quantities of Cohn fraction IV obtained from commercial
fractionation of human plasma. (See attached manuscript) This is the first
demonstration to our knowledge of in vivo immunosuppressive activity of a serum
fraction obtained from traumatized-patients.
In six patients who had undeigone major cardiovascular surgery, we looked
at E-rosette formation by peripheral blood lymphocytes and found that 4 out of
the 6 patients demonstrated a significant decrease in E-rosette formation (defined
as SO% or more) as compared with simultaneously studied normal volunteers.
Lymphocytes from these patients were then washed 6 times in tissue culture medium
and tested again for E-rosette formation. E-rosettes increased after washing
significantly (50% or more) in 3 of the patients. The material washed from the
lymphocytes was then processed by filtration on an Amicon UM-OS ultrafilter and
was recovered by lyophilization. This material was then dissolved in distilled
water and chromatographed on G25 Sephadex columns. Low molecular weight material
from the columns contained the majority of suppressive activity and, in fact,
by preparative high voltage electrophoresis has been demonstrated to contain
fraction 11. This fraction is also highly suppressive of T'lymphocyte activation when tested in vitro as was fraction 11 obtained from the serum of the
same ,patients.
During the past year, we have also begun to study burn patients as a separate
subgroup of trauma patients. Ten burn patients, all with greater than 30%
second and third degree burns were skin tested for hypersensitivity responsiveness
to standard recall antigens and were sensitized to dinitrochlorobenzene (DNCB).
Tests were performed on 29 occasions and were compared on each occasion with
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the ability of the patient's serum in 10% concentration to suppress normal human
lymphocyte stimulation by PHA in tissue culture. On 12 occasions the serum
from the burn patients was found to be suppressive of PHA stimulation and on all
but 2 of these occasions the patients were anergic to all skin test antigens.
On 17 occasions the patients' serum was non-suppressive of PHA stimulation and on
all but 2 of these occasions the patients were normallly reactive to skin test
antigens. The correlation between suppressive serum and anergy determined
simultaneously in these burn patients is highly significant ( p < 0.0005) as shown
in Table I. Seriously burned patients as a group appeared to have diminished
E-rosette formation by their peripheral blood lymphocytes. As demonstrated in Table II
the patients with 50% or more dimunition in E-rosette formation, as compared with
simultaneously studied normal volunteers, were likely to have serum (drawn simultaneously)
that was suppressive of PHA stimulation. In 6 of the 15 instances the E-rosette
formation was significantly increased (> 50%) after washing the lymphocytes thoroughly
in tissue culture medium in vitro. The material recovered by washing these lymphocytes
and those from normal volunteers and patients undergoing minor surgical procedures
is currently being compared for suppressive activity.
Finally the peripheral blood lymphocytes of burn patients have been studied for their
response to PHA stimulation at a range of doses in tissue culture. Lymphocyte
stimulation was considered suppressed when the responses, measured in CPM of H
thymidine incorporation, was < 50% of simultaneously studied normal volunteers.
From the results of 24 studies on 11 seriously burned patients summarized in Table III,
it is apparent that suppressive serum did not correlate at all with the ability
of peripheral blood lymphocytes studied on the same day to respond to PHA stimulation
in tissue culture. However, those patients who did demonstrate a diminished PHA
response all had suppressive serum.
The effect of washing the peripheral blood
lymphocytes in tissue culture medium on their subsequent response to PRA stimulation,
as shown in Table IV, also did not demonstrate any particular pattern. Both those
patients who had normal PHA responsiveness and those with diminished responsiveness
demonstrated increased lymphocyte responsiveness after in vivo washing in about 1/3
of instances. Control lymphocytes from normal volunteers increased PHA responsiveness
after washing much less frequently.
This ongoing study of burn patients, therefore, has demonstrated conclusively that
anergy in these patients is associated with serum significantly suppressive of
T lymphocyte activation. It also appears likely that suppressive serum is
correlated with diminished E-rosette formation by peripheral blood lymphocytes
in these same individuals and that in nearly half those patients with diminished
E-rosette formation the percentage of E-rosettes is increased after thorough washing
of the lymphocytes in vitro. A correlation between the clinical course of the
burn patients and the levels of E-rosettes, and the presence or absence of
suppressive serum and the presence or absence of delayed hypersensitivity responsiveness is currently underway.
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TABLE I
Correlation of Suppressive Serum with Anergy in 10 Burn Patients Tested
on 29 Occasions.

Patients* Serum

Skin Test Positive

Skin Test Negative

Suppressive

-

12

2

10

Non-Suppressive

-

17

15

2

Chi

2

12.OS
<

4

5

0.0005

TABLE II

Dimninished E-Rosette Formation of Lymphocytes From 10 Burn Patients Studied
on 1S Occasions.
E-Rosette
Diminished

Suppressive Serum

E-Rosettes Increased
After 6 In Vitro Washes

Is

14

6

6

TABLE III

PHA Stimulation of Peripheral Blood Lymphocytes From 11 Burn Patients Studied
on 24 Occasions.

Diminished PHA Response

Patients' Serum
Suppressive

- 19

6

5

0

Non-Suppressive -

7

.

Normal Response
13

-S

TABLE IV

Effect of Washing 6 Times In Vitro on
PHIA Response of Lymiphocytes Prom Burn Patients

Initial Response
Diminished -

6

Noxual

- 18

Control

-

20

Increased

Not Increased

'After Washing

After Washing

24
513
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Immunosuppressive Fractions Isolated From Pooled Trauma Sera
by Gel Filtration

High-voltage electrophoresis of pooled serum from 8 patients
Figure 1.
who developed anergyr after major cardiovascular surgery (PSTS) and of
pooled serum from patients who underwent inguinal herniorrhaphy under
general anesthesia (PCTS).
Ninhydrin stain was used. Fraction 11 is the
ninhydrin positive moiety, slightly more basic than the lysine marker (R).
However, Fraction 11 is not as basic as the kn'-if. pj.lYamines--spermine,
spermidine, cadaverine and putrescine.
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HIGH VOLTAGE ELECTROPHORESIS
pH 3.5
D

E

G

K R

G

K R

PSTS (Peak 11 )
PSTs (.P..
PSTS (Hydrolyzed)
Polyamines
(S. SD-C. P)

D

I
E

Immunosuppressive Fraction Isolated from Pooled Trauma Sera
by Preparative High Voltage Electrophoresis

High-voltage electrophoresis of Fraction 11 derived from the
Figure 2.
pooled serum of patients who became anergic after major cardiovascular
surgery before and after purification by repeat high-voltage electrophoresis. Purified Fraction 11 was then subjected to acid hydrolysis. This
yielded several amino acids and the basic ninhydrin positive molecule
shown. This basic molecule, however, is not as basic as the known polyamines. Reference amino acids are shown in the top atd bottom lines.
R = lysine.
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Correlation Between Anergy and a Circulating
Immunosuppressive Factor Following Major
Surgical Trauma
GERARD A. McLOUGHLIN, M.D.. ANDREW V. WU, M.D., INNA SAPOROSCHETZ, A.B..
RICHARD NIMBERG, D.M.D., PH.D., JOHN A. MANNICK. M.D.

In order to clarify the relationship between anergy and immunosuppre~sive activity in the serum, we studied 46 previously well patients before and at three, five, seven and 28 days
after surgery. Delayed hypersensitivity was measured by skin
testing with four common recall antigens, and serum immunosuppressive activity was determined by the ability of the patient's serum in 10% concentration to suppress by 50% or more
the phytohemagglutinin (PHA) stimulation of normal human
lymphocytes as compared to pooled normal serum. Prior to
s urgeryall patients manifested delated hypersensitivits to one
or more antigens, and no patient had immunosuppressive
serum. Fifteen patients underwent minor surgery under
general anesthesia and did not develop anergy or immunosuppressise serum. Thirts-one patients underwent major cardiosascular surgeri. Thirteen of these patients became anergic

From the Department of Surgery.
Peter Bent Brigham Hospital and Harvard Medical School,
and the Department of Biochemistry,
Boston University School of Medicine.
Boston, Massachusetts

.

appearance of a circulating immunosuppressive molecular
species and that these events are in turn associated
with increased patient morbidit.s and increased length of
hospitalization.

ANERGY IS

by day 3 after operation, and It of the 13 developed immunosuppressive serum. Eighteen patients maintained de-

mortality.: " Since restoration of delayed hypersensitivity responsiveness has been reported in such patients following parenteral hyperalimentation. :' ." this

developed immunosuppressive serum. The correlation between
anergy and immunosuppressive serum was highly significant
(p < 0.001). There was a significant difference in the degree of
suppressive activity in the serum of the anergic and reactive
patient groups for each postoperative day studied until day 28.

suggests an underlying mechanism for the anergy observed in these depleted individuals. On the other hand.
there are conflicting reports as to whether or not major
surgecar conflicin reprt atiets
olot
by
surgical trauma in nondepleted patients is followed by

when there was recovery of delayed hypersensitivity and lack of
immunosuppressive serum. The occurrence of postoperative

anergy.'

anergy and immunosuppressive serum was not related to the

postoperative infectious complications (p < 0.05)
postoperative days in the hospital (p < 0.01).

and

Moreover, if anergy does occur under these

circumstances, it is not clear what the mechanism is and

what effect, if any. the anergic state has on patient

in

Pooled
immunosuppressive serum from anergic patients was fractionated by ion exchange chromatography, gel filtration and
preparative high voltage electrophoresis. The majority of the

immunosuppressive activity could be accounted for by an
electrophoretically homogenous polypeptide-containing fraction not identified in the serum of patients undergoing minor
surgery or in normal individuals. We conclude that anergy
occurring after major operative trauma is associated with the

Presented at the Annual Meeting of the American Surgical Association. Hot Springs. Virginia. April 26-28. 1979.
Reprint requests: John A. Mannick. M.D.. 721 Huntington
Avenue. Boston, Massachusetts 02115.
Supported in part by Army contract #DAMDI7-76-C-6076 and
NIH research grant GM26016-01.
(0)3-4932 79 09)

in surgical patients with nutri-

associated with an increased incidence of sepsis and

layed hypersensitivity after major surgery, and onl% three

patient's age, sex, number of perioperative blood transfusions
orduration of anesthesia but wasassociated with an increase in

i-ouND

tional deprivation or advanced malignancy and is

morbidity and mortality. A good deal of recent investigative work has focused on oefects in polymorphonuclear leukocyte function detected in anergic surgical
patients.'"' While polymorphonuclear leukocytes
clearly play an important role in the defense against
bacterial infection in man, they have not been shown to
be obligatory participants in delayed hypersensitivity
responses." These responses are mediated by specifically sensitized T lymphocytes, which in turn elicit the
nonspecific cooperation of macrophages.
We have recently reported that major operative
trauma is often followed by the appearance in the serum
of a circulating factor or factors suppressive of T-

lymphocyte activation,' We therefore undertook the
present investigation in a group of well-nourished

0297 $00.90 t J. B. Lippincott Company
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surgical patients. none of whom had malignancy, to
determine A, hether or not the appearance of circulating
immunosuppressive factors in the serum postoperatively was associated with the manifestation of anergy
and whether the anergic state was in turn associated
with an altered patient prognosis. We were also concerned with the purification and characterization of the
immunosuppressive substance or substances detected
in the serum of these surgically traumatized patients.
Patient Population and Methods
Forty-six patients were studied. Fifteen of these patients received general anesthesia for minor surgical
operations. Seven underwent inguinal hernia repair.
two had dilatation and curettage. three had multiple
dental extractions, and three had orthopedic manipulations. The age of this patient population ranged from
35 to 75 years. with a mean age of 56 years. There were
13 males and two females.
Thirty-one patients underwent major cardiovascular
surgery under general anesthesia. Sixteen of these patients had abdominal aortic aneurysm resections. 'Fen
underwent coronary artery bypass grafts, and five
underwent aortic or mitral valve replacement. with or
without coronary artery bypass grafting. The age of this
patient group ranged from 42 to 75 years. The mean age
was 62 years. Therewere27malesandfourfemales. No
patient judged clinically to be nutritionally depleted
was included in this study. and no patient had cancer.
In addition, nine healthy normal volunteers, ranging in
age from 24 to 63 years. were used as control serum
donors in some of the studies. Informed consent was
obtained from all patients before studies were initiated.
All patients were skin tested with four recall antigens
for delayed hypersensitivity responsiveness 2 days
prior to surgery. The antigens were mumps skin test
antigen (Eli Lilly & Co., Indianapolis, IN), 0.1 ml. 50
units of streptokinase-streptodornase (SK-SD) (Lederle

and were scored according to the sy ',eni listed in
Table I. Responses were graded by the diameter of the
a1 of induration. Patients "ere considered to he
area
anergic if they had responses of grades 0 and I and reactise if they had responses of grades 2.3 and 4. No patient who was, anergic preoperatiel. %as included in
these investigations. Skin tests were repeated in all
patients on the second postoperatise day . the selenth
postoperative day and the tm ent-eighth postoperative da.
Histamine (Eli I.illy 1. (.5 ag, %,as injected intradernially asa control for an intact intlammator response
in the postoperative period. Thirty-milliliter %enous
blood samples were drawn beginning 2 dass preoperatively and then on the third postoperative da. . the fifth
postoperati%e day. the se%enth postoperatis e day . the
fourteenth postoperative day (in some patients) and on
the twenty-eighth postoperatise day. In order to obtain
serum samples. the blood was allovsed to clot and retract. and the serum %%asremosed by cent rifugation at
2(X) \ g for 30 min and stored in the cold.
in Vitro ..4 siv

f

nn

sllri'iiii
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Serum samples %%ere tested for immunosuppressi'.e
activity in vilro b. stud. ing their abilit to inhibit
phytohemagglutinin (PHAI-induced normal human
lymphocyte proliferation. Heparini/ed venous blood
was obtained from the normal donors, and after gra%it
sedimentation of the erythrocytes for 2 hours at 20'. the
serum layer was placed on sterile nylon slool columns
and eluted with Eagle's minimal essential medium
(M EM). After washing in M EM. the cells were counted
and tested for viability by try-pan blue dye exclusion.
The procedure yielded a preparation of small lymphocytes. 95"; or more pure and 95"1 or more ,iahle.
The micro method was used for testing lymphocyte
stimulation. In the wells of Microtest ' plates (Falcon
Plastics) 2.5 x 10: lymphocytes were placed in 0.2 ml
of MEM containing I" glutamine. 5"' fetal calf serum.
100 units of penicillin and 10) g of streptomycin per
milliliter and a range of stimulatory doses of purified
PHA (2.5. 5 and 10 Agml). Serums to be tested for immunosuppressive activity were added to the culture
medium in 101i concentration. Controls included cultures with no additions and those with I(Y; pooled
normal serum. The same normal serum pool was used
for all experiments. Microtest plates were then in-
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~ANUR(.
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cubaled in at 5'e CO-, %iater-saturatedenv.ironment at
37 for 48 hours. 'H-thy midine. I )uCi. was then added
to each Aell. The cultures were processed 16- 18 hours
later bN at Mash 11" microharv.ester (Microbiological
Associates) and counted in at Packard liquid scintilla-

tion counter. All determination-, %%'ere Performed in
ere it ed for
triplicate. Some %kellsin each experimnent %%
at try pan blue %iahi16t determination of' the cell', incuba'ted %k~ith ort '.'ithoiut the serum% being tested. No
c~ totoxic serums %%~ere found in these experiment-,. uinmuno-suppression in iiro %%~ascalculated b% the formula

('PM of'control

('PM of control w.'ells with PH A

In these studies, suppression oft' PH-A stimulation by
experimental serum of' 501 ' or more %&'.hen compared

i

i of-~
~itippt,
vi

iii

/i'

'."elks '.'ithout

PH A

Colo PI'M~,il,,jtj.,n1

withconrol
"is cosidredsignficnt.Serum
eru
ila'

PH A

('PM of control %%'ell%'.ithout

('M. experimental "ells with PH A
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cortisof determinations ". ere performed in the
by the conmpetitive protein-binding

riehospital

laborator

len-milliliter samples of'serum were fractionated by
diethy larninoethyl 1)EAE) cellulose ion exchange

Results
(fl Allergy,'v illUf)U'iiCA

(

I

chromatography in 0.0X05 M acetate buffer t(pH 5.0).

C orrlion

'rhe protein peaks from this separation were then recovered by I'.ophilization and tested for immunosuppressive activity in tissue culture ats described above.
Lyophilized protein. 10N mg. was then dissolved in
distilled water and placed on at G-25 Sephadex"' column.
'rhe protein peaks from this column were then similarly
reco%ered by lyophilization. After testing for immunosuppressive activity in vitro. the G-25 fractions w.ere
dissolved in distilled water and acetic acid. pH- 3.5. and
placed in 10-24-mg aliquots on paper strips for high
voltage electrophoresis along with reference amino
acids. A portion of the electrophoresis strip was stained
with ninhydrin. and the remainder of the strip was cut
into fractions containing the various ninhydrin staining
moieties. The fractions were then eluted from the paper
with distilled water-acetic acid solution and recovered
by lyophilization. Each of the recovered, presumably
peptide-containing moieties was then tested for suppressive activity in tissue culture.

scu
Of the 15 patients undergoing minor surgical proxcdUreS uinder general anesthesia. no patient became
anergic at any time in the postoperati'.e period and no
patient developed immunosuippressi.e serum ats determined by the ability of the serum in 10'r concentralion to suppress by 50'e or more the P'HA stimulalion of normal human ly mphocyte%(Table 2). How'. er.
of the 31 patients '.%.ho Linder". ent makjor cardio%ascufar
surgery. 13 became anergic to the skin test atntigens hi
postoperative day 3. and of these 13 patients,. I I deNeloped immunosuppressive serum. Of the 18 patients
who remained reactive to the skin test antigens. onl%
three developed imm~inosuppressi'.e Serum at an%. time
in the postoperativec period. By \- analy sis the correlalion between immunosuppressi'.e serum and anergN in
the patients undergoing major caridiovascuilar surger- is
highly significant (p -0.001).
As shown in Figure I. the suppressi'.e activ ity in the
serum of the entire group of patients w.ho became
anergic in the postoperative period '.'.as significantlN

In Vivo AsvsaY of.1
'[o

ini..pr~.~'v A,'hiiitY

confirm the results of the in vitro tissue culture

assay. suppressive and nonsuppressive fractions obtained by G-25 gel filtration were tested for immunosuppressive activity ini vivo in mice by the Jernie hemolytic plaque assay. Adult C3H mice (Jackson Laboratories) were injected intraperitoneally with test or
control fractions 24 hours before the intraperitoneal
injection of 4 x 10' sheep erythrocytes. Four days later
their spleens were harvested, and the numbers of
plaque-forming cells were enumerated as described
previously., Duplicate determinations. were performed
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greater than that in the serum of patients who remained
reactive to the skin test antigens for the first 7 days postoperatively. By day 28 when the patients were seen as
outpatients. significant suppressive activity in the
serum had disappeared. By day 28 the patients had also
regained responsiveness to the skin test antigens. All
patients responded normally to intradermal histamine
in the early postoperative period. Serum cortisol levels
were within the normal range in pooled and selected
individual postoperative samples.

more infectious Complications that required antibiotic
therapy in the postoperative period. These were predominantly pulmonary and urinary tract infections.
Also the group of patients with anergy and suppressive
serum spent significantly more days in the hospital
postoperatively.
Islto

I~htiu

As noted in Table 3. If of the patients undergoing
major surgery developed both anergy and immunosuppressive serum in the postoperative period. while 15
manifested neither. The two groups did not differ significantly from one another in age or sex. They also did
not differ from one another with respect to the number
of perioperative blood transfusions received or the
duration of anesthesia. However, the patients with
anergy and suppressive serum developed significantly
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Pooled immunosuppressive serum from eight of the
patients undergoing major surgery who developed
anergy and suppressive serum in the postoperativc
period was subjected to DEAE cellulose ion exchange
chromatography. The peaks obtained were tested for
immunosuppressive activity at 5. 2 and I mg'ml. Controls included pooled serum from eight patients %%ho
underwent minor surgical procedures and pooled
serum from eight normal individuals. Suppressive activity from the immunosuppressive serum from patients
in the major surgical group was found principally in
the first two peaks from the DEAE column.
These suppressive peaks from DEAF chromatography were then subjected to gel filtration on it G-25
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that the suppressive actiity in the serum of patienls following major
cardiovascular surgery is
found chiefly in peak 3.
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undergoing minor surgery
or from normal individuals
contains little suppressive
activity.
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Sephadex column, and the resultant polypeptide peaks
were lyophilized and tested for immunosuppressive
activity in tissue culture at concentrations of 2. 1 and
0.5 mg/ml. As noted in Figure 2,the immunosuppressive activity in the serum from suppressed major
surgical patients was located principally in peak 3 from
the G-25 column. Very little suppressive activity was
recovered from serum from patients subjected to minor
surgery or from normal individuals.
G-25 peak 3 from suppressed patients undergoing
major surgery was also tested for immunosuppressive
activity in the mouse. It is apparent from Table 4 that
G-25 peak 3 at a dose of 5 mg per mouse produced very
significant suppression of the plaque-forming cell response to sheep erythrocytes in contrast to G-25 peak
I. At this dosage the concentration of G-25 peak 3 in
mouse serum was calculated to be approximately the
same as in the serum of suppressed major surgical patients.
.c,
lo,Jor Surgerv Sirurn Fractiols (tiI)iricI
TABt t 4. J.
in ('3H Alii'e
Phque-Forming ('ell Resspon.se rip

Treatment
None
G-25 peak I
5 mg
I mg
G-25 peak 3
5 mg
I mg

Plaques per 106
Spleen Cells
(tS.D.)
485 -

Finally. G-25 peak 3 from suppressed patients undergoing major surgery was further fractionated by preparative high voltage electrophoresis. It was found that
the immunosuppressive activity was recovered principally in a highly basic fraction, fraction II (Table 5).
Fraction I I was not detectable in the serum of patients
who had undergone minor surgery or in the serum of
normal individuals. The same area in the electrophoresis strip contained negligible immunosuppressive activity in these control groups.
Fraction I I from suppressed major surgical patients
was subjected to acid hydrolysis and yielded amino
acids plus a so far unidentified ninhydrin staining basic
component, more basic than known amino acids but
less basic than known polyamines.
Discussion
These results clearly demonstrate that following
major cardiovascular surgery, temporary anergy fre-
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quently appears in apparently well-nourished patients
who do not have malignancy. Our results do not agree
entirely with those reported by Slade el al.."' who
found that patients undergoing major surgery consistently show decreased delayed hypersensitivity responses postoperatively, and our findings are also
wkho
clearly at variance with those of Pietsch et al.'
concluded that skin test responses were not altered by
major surgery in apparently nondepleted patients. The
reasons for these discrepancies are not entirely clear.
but the magnitude of the operative trauma may well be
related to the incidence of postoperative anergy in a
well-nourished patient population.
Anergy in the patients in the present study was accompanied by the appearance of circulating immunosuppressive activity in the serum, which blocked the
activation of T lymphocytes from normal individuals
but was not cytotoxic to these cells. The appearance
ofanergy and immunosuppressive activity in the serum
was not the direct result of general anesthesia, since a
group of 15 patients undergoing minor surgery under
general anesthesia developed neither anergy nor immunosuppressive serum in the postoperative period,
Among the patients undergoing major cardiovascular
surgery, those who developed anergy and immunosuppressive serum could not be distinguished from those
who did not on the basis of age, sex. number of perioperative blood transfusions or duration of anesthesia.
However, patients with anergy and immunosuppressive serum had significantly more infectious complications requiring antibiotic therapy in the postoperative
period than those patients who remained responsive to
recall antigens and did not develop immunosuppressive
serum. While there were no postoperative deaths, patients with anergy and immunosuppressive serum also
spent significantly more days in the hospital postoperalively than patients who remained responsive.
The mechanism underlying the appearance ofanergy
and immunosuppressive serum in some of the patients
undergoing major cardiovascular surgery in the present
study remains obscure. Anergy in these patients cannot
be explained on the basis of a generalized incapacity to
mount an inflammatory response, since all patients re-

sponded normally to intradermal histamine. None of
the patients was apparently nutritionally depleted.
and no patient had a known malignancy. We have
previously demonstrated that immunosuppressive
serum in surgical patients is not related to serum
cortisol concentrations., and serum corisol determinations in the patients reported here showed normal levels
postoperatively. The most obvious explanation for the
thateru
maao orte
present observations appears to be that major operative
trauma in itself triggers a temporary inhibition of eel-
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lular immunity. possibly mediated h, circulating immunosuppressive lactors.
The present results also shed some light on the nalure of the immunosuppressive acti ity in the serum of
the patients who became anergic after major surgery.
In these individual-, the majorit) but not all of the
immuLnosuppressi.e activit' can he accounted for h a
polypeptide-like fraction wkhich from its behavior on gel
filtration has a molecular %%eight of approximael I(X)t
dahons. This material can he recoxered as a homogeneous molecular species b high voltage electrophoresis. The highly hasic character of this material on electrophoresis makes it unlikel, that it is a conventional
polypeptide: howeer. it is not as basic a,, any of the
known polyamines. This material %%a, not recoverable
in detectable quantities by identical fractionation oflthe
serum from normal individuals or from patients %sho
had undergone minor surgical procedures.
It is tempting to %peculatethat the appearance of an
immunosuppressive molecular species in the serum of
patients following major surgical trauma mak be the
cause of the anergy seen in these individuals. since
there is a statistically significant association between
these phenomena. The fact that the gel tiltration fraction in which the patients* serum suppressive acti it.
was concentrated also suppressed the ability of mice to
mount an antibody response to a T-cell dependent antigen add, weight to this h'.pothesis. Hoxke'er. a
causal relationship between this suppressi,,c subslance and clinical ancrg cannot %et he claimed to be
established.
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DIt. (it oitot Ui. A, ('I owvI s, R. 4Boston. Massachiisettst: specitically in relation tot John Mannick's papei. the more I look at trauma
and sepsis. the more I realie that they have the same ellects metabotlicalls . and In at sariety of other w a) ph siologicall. Fhat is. it we
assume that the trauma patient hats gone be~ond the shock phase.
the response is ser% similar then ito that oft the septic patient,
F-or so)me time vie hase been interested in circulating factors tit the
small nonprotein peptide ty pe that D~r.Niannick has disc ussed. islide)
Ii a thn-laser chromatograph with a ninhydfrin stairs that show,
544.4 molecular w eight a great difference
in that traction around 304.44betw een normial plasma and septic plasma.
1(014M
Here is, what is tound wshen that same t'raction f'romi 1144441o
molecular w eight is examined bN colunmn chromatograph%. Fhe point
is that the 206 nanometer light evxposure. which actis atesthe peptide
bonds, demnonstrates two large peaks in the traction Irom a septic or
traumialted patient that are jiust barely discernible in the plasma
traction from atnorriial person. Fis demonstrates that there are many
peptide stibstances circulating cinder these coinditions (hat are not
present in the normal indiv idial.
slide) It is possible to show atremarkable correlation of the presence of these substances with the clinical state. If* one binds these
peptides tot Sephades. it is possible to make an antibody. We see here
reactions in atseries of septic patients. which are absent in the normal
person when this immunologic diffusion test is done.
i shlet What is the significance of this'. 'this slide emphasizes- the
importance of how these agents affeCt the metabolism of incubated
mtiscle cells. We see %tittally no change in the metabolism when
saline soltutiuin is added. There is atresponse to insulin in terms ofCt),
prouiction. If normal human plasma or normal plasma fraction are
added we get the same response, but if' we add the septic plasma.
or the septic fraction. we get atstippression of instilin response. rhat
is just one metabolic phenomenon. I can tell you from experience
that the same thing happens for protein synthesis and atvanety of other
parameters which we have measured.
What I'm really saying is that, to me. the bottomn line of all this
work, and the important response in which we are interested is protein synthesis. After all. 1-cell function depends on its ability to make
asprotein pretty ClUickl) . and I would say that this probably is. the
common denominator in all of these reactions, 'the same agent that
Dr. Manniuck has 5o elegantly demonstrated to you this morning
is well ats many other peptides are probably at work in the tither
phenomena the other two speakers described this morning.
D)R.JONA I IIA I.. Mt AKINS (Montreal. Quebec): D~r.Mannick's
paper is a very excitingo(nc. and approaches the problems of immune
regulation in a normal, well-nourished population. We have approached this from it slightly different point of view, in terms of decreased host resistance it, infection and immunoregulation.
11slidet Dr. Chrisiou recently presented this information oin the
effect of anergic patients* serum on neutrophil and lymphocyte
chemnotaxis. The test cell%are normal. and it is appatrent that relalively anergic and anergie serum reduce% PMN chemnotaxi% and
lymphocyte chemnotaxis to the anergic range.
Islidet Trauma patients, studied in t he emergency department its
they are admitted to the hospital. are seen to have abnormal chemo-
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taxi, 2- 12 hours alter intr. Anerg siibseqkientl% des eloped in all
kif them. this ahnormalit\ of their chemnotasis must surely he. ntediated bl a tit t lactor it) appear so promptiN.
Islideo We has e looked at the concentration of* anergic serums
required ito inhibit chemnotaxis and find that there are two inflection
Pit5oihbtonoPMNchemnota sis. one at 10 ,Iserum and a sec ond one at about 5tlY; .Ibis is at highI\ reproducible cuir\e. c%en
though the second point of inflection does not appear to be great.
So my tirst question would be whether or not there are other inhibitors in Dr. Mannick's serum which might correspond to ihese
finding%.
(slide) Utilizing the concept that there were two inhibitors.
we looked at (i-2ttI Sephade\ chromatograph% and found that there
are again two inhibitors oft chemotaxis. IData are coirnmed using
%scrosedensity gradients ats well as isoelectric f'ocusing. t hese
inhibitors are about 36010(1 and I 21.(XX) molecular aweight.
More recently. we foumnd smaller inhibitors, and it leads ito mr
basic question. I wonder if D~r.Mannick could commeiit upon the
nature oft these multiple inhibitors, and a hethei theN atre all part
uit a common. or similar. immiinoregulator) s\ stem.
DR. I)o% At i I . MoistoN 11os Angeles. California): tDr. Jack Roth
and I have done soime studies with coinclusionis somewhat similai
to those oft Dr. Mc~oughlin and his colleagues.
'iNe looked at the effect of surgical trauima oin imnlunosuppiession
in patients with cancer, but our data were organized in at fightl%
different %%at\.
We compared patients awith minor trauima, suichas that
from regional hrntphadenectomN . Vkith patients V.hose operative: provediires ins aded the thoracic or abdominal cay (ties. We loutd nuicorrelation "ithithe lengthoti operation but (lid tind that, if the abdominal
or thoracic cay (tes were entered, the patients were more immunosuppressed. Also, If* tumnor was completely resected. immunosuppies\ive factors disappeared even in patients wAhowecre anergic preoipera
tivel) and V. ho had ma ' ir surgical traumna.
In otir series there was atcoirrelation between blood transfusion
and degree and dtiration of immtinostippression. the most immunosuppressed patients were those undergoing cardioptilmonar\ b~fpas
The duration of immunstkippression in out series was simlar. O~ne
patient was immunostippressed for six w~eeks. but uisuall% the patients
immunocompetence returned in seven ito ten da 's.%
Finally. I would like to ask D~r. Manniuck if there wasI,a diffe~rence
in the degree of immunostippression between patients %%hohad cartio
ptulmonary bhpass and those w.ho had major aortic resections
DR. Si sai I M. lI vi aso,, tBronx. New Yorkl. I %%cindler if
D~r. Mannick can tell is something about the specific amino acid
composition of' the actis e traction or fractions I asm Interested
in that particularlyi because in the latle '40'%and earl% '511Vm\ cot
leagues and I described an aminno conjugate fraction wshich appeared
in the serum of pre\ iously healths animals and pres iousl\ health\
men who wiere initred. the concentration of this traction correlated
with the severitN of the injury. It Is atdial .rablc compound, ortgroup
(if compounds,%and increased remarkably in patients with renal
dysfunction.
I was wondering whether there may be some similarity between
the active fraction or fractions D~r.Mannick and his colleagues have
isolated and the amino conjuigate fraction we worked with in terms,
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of amino acid composition. I ssould also like to ask D~r.Mannick if he
has looked at patients with renal dy sfunction follow ing injury . t, %cc
wshether there is a %till higher increase in the traction ort fractions
he is looking at. It %o.this may be tine of the reasons wh) atpatient
wsith renal failure is patrticuilarly susceptible to infection.

DR. Jotm A. M,.%Ni K (Closing discussion): In reply tot Dr. (loses,
I do believe that sse are now finding some functions for that mn mad
ofrol) peptide molecules that circulate around in esecryone's scruim.
wshose function has heretofore been tinknowsn, and I suppose that
they represent atfew words in the biochemical language that cells use
to Communicate w ith oine anot her. and that language has by, no means
been translated yet.
I don't know what relationship the factors that D~r. ('losses has
been usorking with have to the one wAehas e been talking about,
Iam not sure ushether our factor has any metabolic effect oin 1%.mphoc tcs that is oither than transient. simply because cells that do not
rosetle very wsell from tratunmatized patients in our laboratory upon
washing multiple times wsill then rosette quite actisely. and the wash
inaterial does contain the sort of molecule use have been talking about,

In answser ito Dr. Mcakin%. I think that his ideai is an intriguingosne.
namcls. that the immunoregulatory s %stm
may~ hasve some ltmeiii,
simillar tot the complement
f~sen
or esiample, breakdowsn pioducts
of one actis ity may subsume other activities. and sse may be talking
about pieces oft tnolcules that otce did somiething else... nd no"si
affect at ditkerent cell type. I think that is pertecils possible. but
I don't knows an~ thing else it) say about it at this time. othei thani
ito admit the po%%ibilit%.
In reply to D~r. Morton. c:ardiopuInM01a1% b~pass patients aind
aneiirsmn resection pattients. ushich %%
etc the 1"0 groUps "s "sCie
looking at. really behas ed the same in terms oit perkC1nt.ige thaii
des eloped anergy amidthe pecicentage that had suppjessis e sci in
Soi in this insance. siirprisi ngly enouLgh. cairdmo~pu lnmiiii bs passdid
not scem tot be any diftei ent than ancu i%,si eect ion
tIn anssser to Dr. I esenson. I has eCr
been tmtrgiled I,% that V.111%
paper oft his, and hic may be right. lie ma% .in tact. has%c denirtiied
this material. I just don't knows ss ether the% are sinridaf or not
The amino acid COMnPO~i
kiotour maiteri I don t think I can gi s
him %k
ith any confidence. We do has~ it
a ample oft this material in the
hands%of the Molecular Biology Institte at lioflman- La Roche. and
%%e
hope tot have soime information about its true nature in a tess Aecks
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