The humoral immune response after thermal
injury: An experimental model
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Background. Severe thermal injury is associated with major alterations in cell-mediated
immunity. Because most B-cell responses are regulated or critically dependent on T-cell help, it is
nol surprising that many studies have also shown a variety of defects in humoral immunily after
thermal injury. However, the nature of the relationship between the in vitro ability lo produce
antibody and subsequent in vivo responses remains unclear.

Methods. With a murine model of thermal injury, the primary and sccondary humoral immune
response Lo tetanus toxoid (TT) was examined during a 6-week period after sham burn or burn
injury. Serum anti-TT titers and the numbers of anti-TT-secreting splenocyles were determined.
Results. Splenocytes from burned animals displayed normal or decreased TT-spectfic
immunoglobulin (Ig) M plaque formation. In contrast, however, IgG plaque Jormation was
persistently increased for up to 6 weeks after thermal injury, suggesting a switch from IgM to IgG
antibody production. Conversely serum titers of TT-specific IgG antibody were persistently lower
in burn, compared with sham groups. Changes in serum immunoglobulin levels did not account for
this marked discrepancy between enhanced in vitro IgG plaque formation but impaired in vivo

levels of TT antibody.

Conclusions. The data suggest that thermal injury is associated with a diminished ability to
propagate and maintain a normal IgG antibody response, despite the presence of normal or
increased numbers of antigen-specific B cells. (SURGERY 1994;115:341-8.)

From the Department of Surgery, Brigham and Women's Hospital, Harvard Medical School,

Boston, Mass.

DESPITE MAJOR ADVANCES IN the care of thermally in-
jured patients, sepsis remains the most important cause
1.2 » . .
of death.!- 2 The prevalence and severity of infective ep-
isodes in these patients are largely secondary to the se-
rious alterations in host defense mechanisms that follow
thermal injury. A broad spectrum of defects in immune
function has been documented after thermal injury.>
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In particular, major impairment of cell-mediated im-
munity is felt to play an important role in this increased
susceptibility to infection.”™

Because most B-cell responses are regulated or crit-
ically dependent on T-cell help, it is not surprising that
many studies have also shown a variety of defects in hu-
moral immunity after thermal injury.® 1% '! The nature
of the relationship between the in vitro ability to produce
antibody and subscquent in vivo responses remains un-
clear. The importance of the humoral immune response
in preventing infection after thermal injury, however, is
highlighted in the work of Baker,!? who demonstrated
a close relationship between impaired humoral immu-
nity and the subsequent development of severe sepsis.

The aim of this study was to examine the ability of
thermally injured animals to initiate, propagate, and
maintain a humoral immune response to a T-cell-
dependent bacterial antigen after both primary and sec-
ondary immunization. In particular, we examined the
long-term relationship between total serum immuno-
globulin (Ig) levels, the in vivo response to tetanus tox-
oid (TT), reflccted by the scrum concentrations of TT-
specific antibody, and the in vitro response to the same
antigen by quantitation of TT-specific B cells.
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METHODS

Immunization. Male A, J mice. 4 and 7 weeks of
age. were purchased from Jackson Laboratories. Bar
Harbor. Maine. Animals were acclimatized for 1 week
under controlled conditions with mouse food and water
ad libitum. The younger mice (now 3 weeks ol age) re-
ccived cither a primary immunization of TT" (1 Loel-
fler units [Lf U]; Wyeth Laboratories. Inc.. Philadel-
phia. Pa.) diluted in 0.5 ml of saline solution, adminis-
tered by intraperitoneal injection, or a control injection
of vehicle only. This group received a similar secondary
immunization at 8 weeks of age immediately before
randomization and thermal injury asoutlined later. The
remaining animals received a single primary immuni-
zation of TT or vehicle at the time of randomization and
burning (that is, 8 weeks of age).

Burn model. At 8 weeks of age. all animals were
randomized into burn and sham groups and anesthe-
tized with pentobarbital (1.25 mg mouse™" in 0.75 ml
saline solution) by intraperitoneal injection. Animals
were shaved over their backs and placed in a specially
constructed mold that exposed 25% of the total body
surface area. The mold. containing an anesthetized an-
imal. was then lowered for a period of 9 seconds into
water at cither 22° C for sham burn or 90° C [or burn
groups. The latter injury resulted in a histologically
proven full-thickness burn. All animals were then dried
and resuscitated with 1 ml of saline solution (intraperi-
toneally). Thereafter, animals were killed in groups of
fiveat 0, 1, 2, 3, 4, and 6 weceks alter injury. Blood was
sampled by open cardiac puncture. and spleens were
removed for assay as outlined later.

Care of animals and all animal procedures were car-
ried out in accordance with National Institutes of
Health guidelines and with review and approval of the
Standing Committee on Animals, Harvard Medical
Area.

Cell preparation. Individual splenocyte suspensions
were obtained by gently teasing the freshly harvested
spleens apart with sterile forceps and removing the
coarse debris. Splenocytes were suspended in RPMI-
1640 medium with 2 mmol/L |-glutamine, 1% antibi-
otic/antimycotic (penicillin 10,000 units, streptomycin
10,000 ug, amphotericin 2.5 ug ml~}) and 10 mmol/L.
HEPES buffer (all reagents for washing and culture
were purchased [rom Grand Island Biological Co.,
Grand Island, N.Y.). Cell suspensions were centifuged
three times in this medium at 1500 rpm for 10 minutes.
Alter the final wash, cclls were suspended in the same
medium containing 5% heat-inactivated fetal bovine sc-
rum (56° C, 30 min.). Mononuclear cells were counted
with Turk’s solution, and viability was assessed with the
trypan blue exclusion test. Cell viability was consis-
tently more than 95%. Cells were finally suspended at
a dilution that was found to yield the maximum clarity
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in the subsequent enzyme-linked immunosorbent spot
assay (ELISA spot assay). This was different for the
leG and IgM1 assays as outlined later,

ELISA spot assay. Tissue culture plates (24 round
[.5 em diameter wells/plate; Nune, Inc., Naperville,
1) were pretreated with [ ml of 0.2% (vol /vol) gluta-
raldehyde (Sigma Chemical Co., St. Louis, Mo.) in 0.1
mol /L. phosphate-bufered saline solution (pH 7.4)
(PBS). before being coated with antigen. TT antigen
prepared by the State Laboratories of the Massachusetts
Department of Public Health, Boston, Mass. (0.4 ml, 20
LI U ml™!, diluted in 0.9% saline solution) was added
to the wells and incubated overnight at 4° C. Some wells
were coated with the diluent only and acted as a nega-
tive control. Excess antigen was washed from wells with
three washes of 0.053% polysorbate 20 (Tween 20; Sigma
Chemical Co.) in PBS (PBS-Tween). Plates were then
blocked with 1% goat serum and bovine serum albumin
in PBS for 1 hour at 37° C. After being blocked, wells
were washed three times with PBS before the addition
of the splenocyies. It was found that optimal clarity of
subsequent ELISA spot formation was obtained by ad-
justing the concentration of the cell suspensions accord-
ing to immunization group (primary or secondary), [gG
or [gM assav, and duration alter immunization. Cell
suspensions were therefore plated at concentrations
ranging from | X 10* to 1 X 10" ml™",

The remainder of the ELISA spot assay was carried
out with the previously described technique of Sedgwick
and Holt." Cell suspensions were incubated at 37° C
in a 3% Coz-enriched atmosphere for 1.5 hours. Alter
incubation, the plates were tapped empty and immedi-
ately washed three times with PBS-Tween. Wells were
further incubated for | hour at 37° C after the addition
of 0.4 ml of alkaline phosphatase-conjugated antimu-
rine IgG or lgM antibody (30 mg/mi, diluted 1/1000
and 0.1% bovine serum albumin in PBS; Bochringer
Mannheim GMBH, Mannheim, Germany). After in-
cubation with the enzyme-conjugated antibody, plates
were washed [rece of unbound antibody with PBS.
Tween. Aninsoluble chromogenic solid-phase substrate
was then added. The substrate used was 5-bromo-4-
chloro-3indolyl phosphate (5-BCIP; Sigma Chemical
Co.) in a 0.5% low-melt agarose solution. The sub-
strate/agarose mix (0.4 ml) was added to each well and
allowed to gel. A spot of brilliant blue color developed
at each site of putative antibody formation, where a TT
antibody-producing cell had settled. Plaques were eas-
ily seen with the naked eye and approximately 2 mm in
size. For each mouse and each antibody type (IgG or
IgM), four wells were assayed. Three were coated with
TT antigen, and the fourth was coated with vehicle only.
ELISA spot plaques were enumerated for the three TT
wells, and the average was taken. Wells coated with di- -
luent only consistently showed no IgG plaquc formation
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ring of precipitation was measured with a magnilving
eyvepiece containing i calibrated graticule. Samples were
measured in duplicate, and the mean of the two estima-
tions was obtained. A standard curve was constructed by
plotting the square of the diameter of the precipitation
rings against the known concentration of immunoglob-
ulin obtained from the calibrator solution. The square
of the diameter of the samples was then plotted against
the line constructed from the standards and the concen-
tration of the samples obtained.

Statistics. Statistical analysis was performed with the
Stata statistics program (Computer Resource Center,
Santa Monica Calif.). The Mann-Whitney two-sample
statistic was used to compare groups. and significance
was taken at the 93% confidence level (= <0.05).

RESULTS

In vitro response. The in vitro response to T as
measured by TT-specific plaques is shown in Fig. 1.«
through «. TT-specific IgM plaque formation was
similar in sham and burn groups after primary immu-
nization (Fig. 1. a). Although there was also no signil-
icant difference after secondary immunization, a defi-
nite trend was aoted toward increased plague lormation
in the sham-burn group (Fig. 1. 5).

{n complete contrast, however, a marked increase oc-
curred in both primary and sccondary 1gG plaque for-
mation after thermal injury. Fig. 1. ¢ and . represent
TT-specific IgG plaques after primary and secondary
immunization, where thermal injury is associated with
a threefold increase in plaque formation 2 wecks after
burning. This trend was maintained throughout the
study period, with burn groups consistently showing
enhanced plaque formation compared with the sham-
burned controls.

In vivo response. The in vivo response, however, as
measured by serum levels of TT-specific IgM antibody
was markedly deficient in burn groups (Fig. 2, a and b).
This was evident alter primary immunization (Fig. 2,
a) where thermal injury was associated with a reduction
in TT-specific antibody throughout the first 4 weeks
after injury. In addition, burned animals showed com-
plete failure of their secondary IgM response compared
with sham-burned controls (Fig. 2, ). Serum IgG TT
antibody was also reduced after both primary and sec-
ondary immunization in the burn groups (Fig. 2, ¢ and
d, respectively). It is interesting to note that the differ-
ence, rather than decreasing with time, in fact became
more marked, especially alter secondary immunization
(Fig. 2, c and d). The secondary response to TT in burn
groups showed complete failure of propagation after the
initial peak at 1 week after injury. Sham-burned
animals, however, displayed normal propagation of
their response, maintaining high antibody titers through
week 6 after immunization.
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Total immunoglobulin. Total serum levels lor 1gG
and [g\ [ were reduced in the burn groups after primary
and secondary immunization. Serum IgM was maxi-
mally depressed between weeks 2 and 3 after thermal
injury (Fig. 3. a and b). Thercafter, levels recovered so
that IgM levels were similar for sham and burn groups
from week 4. A similar pattern was seen in serum IgG
levels. where the burn groups also displayed a transient
fall compared with the sham-burned controls (Fig. 3, ¢
and «f). Burn injury was associated with, at most, a 30%
reduction in total IgG during the first 3 weeks after in-

jury. As with TgM levels. there was a recovery to con-

rol values by week 4.

DISCUSSION

During the last 10 vears, major advances in burn care,
Huid therapy. and nutrition have dramatically improved
survival alter major thermal injury. As a result. sepsis
is now the most important cause ol death, accounting for
30" to 70% of all deaths.! * Major thermal injury is as-
sociated with significant suppression of the immune re-
sponse. resulting in that increased susceptibility to
infection.”™ Although defects in cell-mediated immu-
nity arc a characteristic feature of thermal injury, its el-
feets on the humoral immune response are less well de-
fined.

Our results suggest that primary and secondary in
vitro IgG responses to T'T are persistently enhanced al-
ter thermal injury. Corresponding IgM responses did
not, however, differ significantly from sham-burned
controls. Simultaneous measurement of antigen-specific
serum antibody titers showed deficient in vivo IgG re-
sponses, especially alter secondary immunization. These
data suggest that mechanisms for producing antigen-
specific antibody after thermal injury are intact, al-
though this does not appear to be translated into
increased titers ol antigen-specific IgG. Increased ca-
tabolism of immunoglobulin does not fully account for
this dissociation between in vivo and in vitro responses,
suggesting that other factors may be responsible for re-
duced serum levels of specific antibody after thermal in-

jury.

Although many studies have shown a marked defect
in humoral immunity after surgical'® or mechanical
trauma'” "% and thermal injury,® '% the heterogenous
nature of these injuries, combined with different study
group characteristics, makes interpretation of data dif-
ficult. Further difficulties arise when one attempts to
correlate results from assays of in vitro function with in
vivo parameters of the humoral immune response. Al-
though several reports suggest that thermal injury is as-
sociated with polyclonal B-ceil activation,® 1? its effects
on antigen-specific plaque formation are less clearly
understood. In addition, it is unclear whether in vitro
parameters of immune function accurately reflect the in
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