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The authors performed an immunobistochemical
study on expression of tumor necrosis factor alpha
(TNFo) in endomyocardial biopsies from buman
cardiac allografts. TNFa immunoreactivity was
Jound in 45% biopsies with mild acute rejection, in
83% biopsies with focal moderate rejection, in 80%
biopsies with diffuse moderate rejection. Biopsies
with absent rejection did not show immunoreactive
cells. In mild rejection, positive cells were few and
scanty monocytes and macropbages (MAC-387 and
LNS5 positive cells) and T lympbocytes (UCHL-1/CD45
RO positive cells) (up to 20% of all infiltrating
cells). Expression of major bistocompatibility com-
Dlex (MHC) class II antigens on infiltrating and en-
dothelial cells occurred earlier and independent of
INFa reactivity. Number of immunoreactive cells in-
creased in moderate rejection (up to 50% ). Immuno-
reactivity was also present in nonpigmented macro-
Dhages in part of the biopsies with resolving rejection
(45% ). The authors conclude that TNFa is expressed
in acute cardiac rejection by immunologically acti-
vated inflammatory cells. Immunoreactive cells in-
crease in number with increasing severity of the re-
action. (Am J Pathol 1991, 139:709-715)

Tumor necrosis factor alpha (TNFa) is a macrophage-
derived, 17KDa cytokine naturally occurring in mono or
multimeric forms." Previous in vitro studies have demon-

strated that it is involved in multiple cell-mediated reac-
tions®™ such as sepsis®~ or immunity.8-"® TNFa func-
tion in immunity is actually under investigation. Chavin et
al. demonstrated that antibodies targeted to this cytokine
administered in vivo at the time of antigen priming can
interfere with generation of both CD4 positive, class ||
restricted T cells and CD8-positive class I-restricted cy-
totoxic T cells.”” In fact, in experimental animals TNFa
also enhances effects of IFNy on class | and Il antigens
expression.'> TNFa serum levels have been shown to
increase during allograft rejection'® and during antirejec-
tion therapy with OKT3." In fact, monotherapy with anti-
TNFa antibodies was shown to prolong survival of heart
allografts in rats.'® Anti-TNFa serum can also prevent de-
velopment of graft versus host disease'® and abrogates
cytokine-related CD3-induced syndrome on BALB/c
mice."” The authors immunohistochemically investigate
TNFa expression, distribution, and relation to infiltrating
cells as well as MCH class || antigen expression in a large
series of endomyocardial biopsies with acute rejection
from patients who had undergone cardiac transplanta-
tion.

Materials and Methods
Endomyocardial Biopsy

One hundred fifty biopsies from 43 patients were pro-
cessed. Forty-one patients had heterotopic and two pa-
tients had orthotopic transplants. Endomyocardial biop-
sies were performed according to Stanford technique.'®
Four to six adequate samples for each procedure were
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Table 1. Endomyocardial Biopsies Investigated for TNFa

All
biopsies
N (%)
Absent acute rejection
WF-ISHT Grade 0 30 20
Mild rejection
WF-ISHT Grade 1A-1B 45 30
Moderate rejection
WF-ISHT Grade 2-3A-3B 63 423
Severe rejection
WF-ISHT Grade 4 1 0.7
Resolving rejection 11 7
150 100

fixed in 10% buffered formalin (20 minutes), dehydrated
in a modified alcohols series (95% alcohol: 15 minutes,
and 100% alcohol: 15 minutes) and xilene (15 minutes)
and embedded in a single paraffin block. One hundred
twenty sections were serially cut, consecutively collected
on 40 slides and stained at six cutting levels (every 75 )
with hematoxylin—eosin (H&E) and Masson’s Trichrome.
Unstained sections were used for immunohistochemical
studies.

Acute Rejection Diagnosis and
Immunologic Surveillance Protocol

Acute cardiac rejection was diagnosed according to
Stanford criteria and grading.'® We only added a distinc-
tion between focal (type A) and diffuse (type B) moderate
rejection with special reference to extension of myocyte
damage and necrosis. In January 1991, we introduced
the WF-ISHT new grading for acute rejection.° However
in the present study, most biopsies were investigated be-
fore introduction of the new grading and are reported
herein with the original diagnosis and grade (Table 1).
Immunosuppressive protocol used for patients reported
in the present series consists in a triple drug therapy with
steroids, azathyoprine, cyclosporine A. Anti-thymocytidc
globulin (ATG) is given for a week immediately after sur-

gery. None of the biopsies were performed with patients
receiving OKT3 profilaxis. Two patients had concomitant
recurrent human cytomegalovirus infection (HCMV). The
results of their biopsies were negative for both rejection
and myocardial HCMV localization documented by in situ
hybridization with a biotin-labeled probe (Enzo Biochem.
Inc., New York, NY) and immunohistochemical search for
early and late viral antigens.

Light Microscopy Immunohistochemistry

Immunohistochemical stain was performed on sections
consecutive to those stained with H&E and Masson’s Tri-
chrome. Sections were deparaffinized and brought to
Tris-phosphate-buffered saline solution (TBS 0.15 M, pH
7.35). After blocking endogenous peroxidase with 3%
H,O, and pretreatment with type XXVII protease (Sigma
Chemicals) or tripsin, the slides were incubated overnight
with the primary antisera. Immunohistochemical staining
was performed with the proxidase-antiperoxidase
method?" and avidin-biotin complex technique.? Diami-
nobenzidine (Sigma Chemicals) was used as chromo-
gen substrate. Specificity tests, performed by omitting
the first layer, had negative results. Antisera used
throughout the study are detailed in Table 2. The percent-
ages of TNFa positive cells were semigquantitatively eval-

Table 2. Antisera and Working Dilutions Used for

Immunobistochemical Study

Antibodies Cell specificity Dilution Source
a-TNF a-TNF containing cells* 1:500 Boehringer
a-TNF a-TNF containing cells? 1:500 Sera-lab

LN5 Macrophages 1:100 Clonab-Biotest
LN3 HLA DR expressing cells 1:100 Clonab-Biotest
MAC-387 Monocytes—macrophages 1:150 Dakopatts

L26 B-lymphocytes (CD 20) 1:100 Dakopatts
UCHL-1 T-lymphocytes (CD 45 RO) 1:1000 Dakopatts
LCA Leukocytes (CD 45) 1:100 Dakopatts

* Monoclonal antibody against human tumor necrosis factor purified from PHA-stimulated

human peripheral blood mononuclear cells.

1 Monoclonal antibody against human recombinant tumor necrosis factor alpha.
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Table 3. Incidence of AntiTNFa Immunoreactive Endomyocardial Biopsies

with Acute Rejection

Grade of No. of Positive cases Negative cases

rejection biopsies (%) (%)

Negative 30 0— 30 (100)
O WF-ISHT

Mild 45 20 (44.4) 25 (55.6)
1A-1B WF-ISHT

Moderate (A) 54 45 (83.3) 9(16.7)
2-3A WF-ISHT

Moderate (B) 9 7(78) 2 (20)
3B WF-ISHT

Severe 1 1(100) 0(0)
4 WF-ISHT

Resolving rejection 1" 5 (45.5) 6 (54.5)

150 78 (52) 72 (48)
uated in all samples of each biopsy using x25 objec- Results

tive lens.

Immunoblotting

Presence and specificity of anti-TNFa antibodies were
also tested by immunoblotting study in multiple samples
from one normal and two transplanted hearts with acute
rejection obtained either at retransplantation (n = 1) or at
autopsy (n = 1). Biopsy samples are in fact too small to
extract adequate amounts of protein for blotting. Meth-
ods have been previously described in detail.2® Poly-
acrylamide gel electrophoresis was performed accord-
ing to the Laemmly method.2* Proteins were transferred
to nitrocellulose according to Towbin et al.2®

P

—da

Most of endomyocardial biopsy results that showed
acute rejection displayed positive reaction to TNFa anti-
bodies. Biopsy results that were negative for rejection did
not show any immunoreactivity. Results are summarized
in Table 3. Only part of the biopsy sections with mild
rejection (40%) showed TNFa positive reaction limited to
a few monocytes—macrophages (MAC 387 and LN5
positive cells) and T lymphocytes (UCHL1/CD45 RO
positive cells). Immunoreactive cells were found either in
the small clusters of infiltrates or sparse and isolated in
the interstitium (Figure 1). Eighteen of the 20 TNFa posi-
tive mild rejections (30%) progressed to a higher grade,
whereas only 5 of the remaining 25 negative cases (20%)
had moderate rejection (P < 0.001). Progression oc-
curred during the following week in three of the latter five

Figure 1. Immunostaining using peroxidase-antiperoxidase technique. a: Interstitial cells displaying TNFa immunoreactivity in an endo-
myocardial biopsy with mild acute rejection (Bar = 20 pm). b: Isolated TNFa immunoreactive inflammatory cells in the above endo-
myocardial biopsy: area free from significant interstitial inflammatory infiltrates (Bar = 16 pm).
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cases and in 2 weeks in remaining cases. Persistent mild
rejection occurred in two additional TNFa negative
cases. TNFa immunoreactivity was more frequently ob-
served in moderate than in mild acute rejection (80 vs.
40%). In moderate-rejection positive cells were mostly
monocytes—macrophages and T lymphocytes (Figure
2). TNFa positive cells ranged from 10 to 55% (38 + 16)
of all infiltrating cells.

MHC class Il antigens were always expressed by en-
dothelial cells and by more than 70% of infiltrating cells (B
and activated T lymphocytes and macrophages) in all
biopsy results that showed any grade of acute rejection.

—UCHLI

— TNF.

However, MHC class Il antigens were also expressed by
endothelial cells as well as sparse interstitial cells in bi-
opsy results that showed no features of rejection. TNFa
positive cells were often close to the site of myocyte dam-
age, which consisted of myofibrillar lysis and membrane
irregularities with nuclear preservation (Figure 3); 45% of
biopsy sections with features of healing rejection with fo-
cal persistence of inflammatory infiltrates, showed posi-
tive reaction in few mostly nonpigmented macrophages.
Both antibodies to TNFa recognized a 17 KDa band
polypeptide (Figure 4) by immunoblotting study of large
samples with acute rejection. A 34 KDa band corre-
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Figure 2. Immunostaining using peroxidase-antiperoxidase technique (Bars = 30 pm). Endomyocardial biopsy with moderate acute
rejection showing distribution of UCHL 1, LN3, TNFa, and MAC387 immunoreactivity and distribution.
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Figure 3. Immunostaining using peroxidase-anti

tiperoxidase technique. a, b: TNFa immunoreactive interstitial and perivascular cells (Bar

= 8 wm): ¢, d: Positive cells are close to damaged myocytes (Bar = 2,5 pm).

sponding to TNFa dimeric form was also observed. Nor-
mal myocardium samples gave negative results.

Discussion

In the present study, we demonstrated that cell-mediated
immunologic reactions occurring in human acute cardiac
rejection induce TNFa expression by immunocompetent

cells and that TNFa expression increases with worsening
rejection. The increased TNFa serum levels during al-
lograft rejection'® and benefits of anti-TNFa antibodies in
management of transplanted grafts in experimental ani-
mals'® also indicate that TNFa mediates major roles in
acute rejection mechanisms.

TNFa can either participate in immune-cell activation
or damage graft tissue mechanisms. Whether TNFa ex-
pression by T lymphocytes observed in our series is en-
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Figure 4. I'mmunoblot of TNFo from beart
allografts with acute cardiac rejection. Anti-
bodies raised against recombinant buman
TNFa recognize this antigen (17 KDa) as well
as another antigen, likely its dimeric form, on
Western blots of proteins derived from myo-
cardial samples from beart allografts with
acute refection. 1, G: Atrial and ventricular
samples from normal beart; 2, 3, 4, 5, 7, 8:
Right and left atrial and ventricular samples

from beart allografis explanted for persistent
Severe acute rejection.

dogenous or due to exogenous uptake remains to be
clarified. In vitro studies have demonstrated that although
resting T cells constitutively lack TNFa receptors, the lat-
ter are de novo induced upon primary T-cell activation.
TNFa receptor expression is similar to that of IL2 with a
different peak timing (day 3 for IL2 and day 6 for TNFa).
In addition, TNFa directly enhances membrane expres-
sion of HLA DR and IL2 receptors and IFNy production
as well as activated T-cell proliferation.2 Moreover, TNFa
has also been demonstrated to enhance HLA DR ex-
pression by activated cells via an IFNy potentiation
mechanism.'? We observed membrane HLA DR expres-
sion in most infiltrating cells, including lymphocytes (B
and activated T), macrophages, and endothelial cells.
However, HLA DR positive cells were also found in rejec-
tion-free biopsy sections, whereas TNFa was only ob-
served in biopsy sections with acute rejection. Therefore,
in vivo MHC class |l antigen expression by immunocom-
petent cells likely proceeds or is independent from TNFa
expression.

The high percentage of biopsy results with moderate
rejection displaying TNFa immunoreactivity suggests that
TNFa may also contribute to myocyte damage. We ob-
served that myocytes adjacent to positive inflammatory
cells often present lysed contractile flaments and mem-
brane irregularities. This damage, however, could result
from multiple insulting stimuli. Therefore TNFa-mediated
myocyte damage deserves further investigation. Mild re-
jection with positive reaction could indicate either early
damage or increased aggressiveness of infiltrating cells.
This hypothesis is suggested by the high incidence of
TNFa-positive mild rejections evolving to moderate
grades and vice versa by the significantly lower percent-
age of TNFa-negative mild rejections progressing to
higher degrees.
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Currently, acute rejection is controlled by nonspecific
immunosuppressor drugs (steroids), lympholytic globu-
lins (tymoglobuline), or monoclonal antibodies (OKT3).
As shown in experimental settings, specific blocking of
immune reaction mediators could probably guarantee
more specific control of acute rejection. This topic could
represent an important field of investigation in the future.
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