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Human granzymeB antigen is expressed in cytoplas-
mic granules of activated cytotoxic T lymphocytes
and natural killer cells. Recombinant granzyme B
was generated using a prokaryotic expression vector
under the control of T 7 transcription and transla-
tion signals, The 25-kd recombinant protein (gran-
zyme B) was used to develop a rabbit polyclonal
antiserum. Purified anti-granzymeB antibodies were
used to detect the antigen expression in cytotoxic
cells in human tissues. Using the avidin-biotin-
complex peroxidase technique, formalin-fixe4 par-
affin-embedded tissue sections from patients with
acute mild or moderate allograft cardiac rejection
were stained A constant cytoplasmic staining of the
lymphocytic allograft infiltrate was observed These
resultsprovide a basisfor using the anti-granzyme B
antibodies for detection of cytotoxic cells in human
tissues. The detection and quantitative analysis of
the granzyme-associated cytotoxic cells may help to
evaluate the significance of these functionally dis-
tinct cytotoxic cells in human tissues associated with
increased expression of cytoplasmic granule effector
molecules. (AmJ Pathol 1991, 13&1069-1075)

various investigators have isolated and characterized hu-
man granzymes from cytotoxic cells.6.7 Two separate hu-
man cDNA clones called Hanunka factor (HuHF) clone
and human lymphocyte protease (HLP) clone have been
isolated encoding human granzyme A and B, respec-

tively."9 The functions of granzymes in T-cell-mediated
reactions are poorly understood. In vitro studies have
demonstrated 1) the secretion of granzyme A from T cells
on T-cell receptor stimulation,10 2) the possible involve-
ment of serine proteinases in the lytic process,' 112 3) the
triggering of initial transmembrane signaling in cytotoxic
cells by a serine protease,13 and DNA degradation by
granzyme A in permeabilized target cells.14

Until now, in vivo expression of cytoplasmic granule
proteins in human cytotoxic cells has not been studied,
although initial reports using in situ hybridization of cellu-
lar mRNA with labeled probes for HuHF gene (granzyme
A) and HLP gene (granzyme B) described detection of
cytotoxic cells in human dermatoses and renal allograft
rejection, respectively.1516 Using the avidin-biotin-
complex (ABC) immunoperoxidase technique, we de-
tected cytotoxic cells in human rejected cardiac al-
lografts using purified polyclonal anti-granzyme B anti-
body.

Materials and Methods

Production of Polyclonal Anti-granzyme B

Recombinant granzyme B was generated using a

prokaryotic expression vector under the control of T7

Human activated cytotoxic T cells and natural killer (NK)
cells expressed multicomponent cytoplasmic granules
containing cytolytic effector molecules such as per-
forin,1I 3proteoglycans,4 and serine proteinases, alterna-
tively called human granzymes.57 At the protein level,
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transcription and translation signals.17 Briefly, a Bal site
was introduced by changing nucleotide 17 (of the mature
protein) from A to T using the in vitro mutagenesis strat-
egy (BioRad, Zurich, Switzerland) resulting in a single
amino acid change at residue 6 of mature granzyme B
from Glu to Val. The Bal and BamHl fragment of muta-
genized granzyme B was excised and ligated into the
Nde l-BamHl sites of the vector pAR 30038 using the
synthetic adaptor 5'-ATG ATC ATG GGG GGA CAT
GTC-3' coding for the N terminus Met-Ile-Ile-Gly-Gly-His
of mature granzyme B.

Synthesis of recombinant granzyme B was induced in
DE3 bacteria, which contain in their genome the T7 poly-
merase gene under an isopropylthiogalactoside-
inducible promoter. The 25-kd recombinant protein was
purified from the bacteria by lysing the bacterial pellet
(from 1 00-ml culture) with 20 ml of a solution containing
50 mmol/l (millimolar) TRIS-HCI (pH 7.5), 0.5 mmol/l eth-
ylene diamine tetra acetic acid (EDTA), and 10 mg/ml
lysozyme during 2 hours on ice. The bacterial DNA sub-
sequently was sheared by sonication (Branson sonified
B12, Danburg, CT) and the protein pelleted in a mi-
crofuge (10 minutes at 12,000 rpm). The pellet was
washed three times in a solution of 50 mmol/l TRIS-HCI,
pH 7.5, 0.5 mmol/l EDTA, and 300 mmol/l NaCI, and dis-
solved in sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) sample buffer.18 Recombi-
nant granzyme B was separated from major bacterial
proteins by SDS-PAGE (12% polyacrylamide gel) and
electroeluted using the Bio-Rad protein elution appara-
tus. From the 1 00-ml bacterial culture, approximately 1 to
2 mg recombinant protein was obtained repeatedly.

Recombinant granzyme B (100 ,ug) was injected sub-
cutaneously into rabbits in complete Freund's adjuvant.
At 3-week intervals, rabbits were boosted twice and after
the third injection, the rabbits were bled and the sera
tested for reaction with purified granzyme B isolated from
lymphokine-activated killer (LAK) cells7 and with recom-
binant protein. On Western blots of lysates of interleukin-2
(IL-2) activated human peripheral blood lymphocytes,
one single protein band with the predicted molecular size
of granzyme B was detected.19 The immunoglobulin G
(IgG) fraction of the polyclonal antiserum was purified
using a protein G-Sepharose fast-flow column according
to the instructions of the manufacturer (Pharmacia, Pis-
cataway, NJ).

Generation of Human Cytotoxic Cells
The human cytotoxic cells for positive control were pre-
pared by cultivation in recombinant IL-2, as described
elsewhere.1'6 The cells were harvested after 10 days in
culture and washed three times in phosphate-buffered
saline (PBS). Paraffin-embedded cell blocks of LAK cells

and unstained peripheral blood mononuclear cells were
prepared after fixation in 10% formalin overnight. Some
cytocentrifuge preparations were fixed in acetone and
95% alcohol separately and maintained at 40C.

Human Tissue
Five patients with acute, mild, or moderate cardiac al-
lograft rejection were studied. The allograft biopsies were
fixed immediately in 10% buffered formalin for up to 10
hours and were embedded in paraffin. The degree of
rejection was assessed using the criteria described by
Billingham.20 The tissue sections of various normal or-
gans were obtained from the autopsy files of The Meth-
odist Hospital.

Immunohistochemical Staining

The tissue sections were deparaffinized in fresh xylene
and rehydrated in descending grades of alcohol solution
(100% to 70%). The endogenous peroxidase activity was
blocked by incubating the sections for 20 minutes in
methanol containing 3% H202. After distilled water and
PBS washes, the sections were digested with 0.1%
trypsin from bovine pancreas (Sigma Chemical Co., St.
Louis, MO) in PBS at 37C for 30 to 60 minutes. To block
nonspecific binding, the sections were covered with pro-
tein-blocking solution (Lipshaw Immunon, Detroit, Ml). Af-
ter 20 minutes, the excess blocking solution was re-
moved and the sections were covered with 1:100 to
1:1500 dilutions of granzyme B antibody at room temper-
ature for 90 minutes. After PBS washes, biotinylated goat
anti-rabbit IgG (diluted 1:400) was added to the sections
for 60 minutes. The tissue sections were washed and
incubated for 60 minutes with ABC Elite Kit (Vector Lab-
oratories, Burlingame, CA) according to the manufactur-
er's recommendations. The immunostaining was devel-
oped using diaminobenzidine (100 mg in 200 ml of PBS)
plus 200 ,ul 30% H202. The slides were counterstained
with Mayer's hematoxylin.

In absorption experiments, the granzyme B antibody
was absorbed with homogentes of human LAK cells,
myometrium, and skeletal muscle. The absorption was
carried out at room temperature for 1 hour with equal
volumes of the diluted antibody and the homogenates.
After absorption, anti-granzyme B binding of human cy-
totoxic cells and vascular smooth muscle in human car-
diac allograft was studied using ABC-peroxidase tech-
nique.

Results
Examination of the tissue sections stained by hematoxylin
and eosin showed that in acute mild rejections there were
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only perivascular aggregates of mononuclear cells with
extension into the myocardial interstitium. Moderate re-
jection was characterized by more increased perivascu-
lar and interstitial infiltrate accompanied by degeneration
or necrosis of the myocytes.

The study using purified polyclonal anti-granzyme B
antibody demonstrated excellent staining of the cytotoxic
cells in both positive control slides as well as the paraffin
tissue sections of cardiac allograft rejection. Figure 1A
shows LAK cells with 98% of the cells staining with gran-
zyme B antibodies at a 1:600 dilution. The staining pat-
tern generally was granular and cytoplasmic. Most LAK
cells reacted with CD3, CD4, CD8, and CD16 cell-
surface antigens, whereas Leu-7 antigen expression was
rare. The normal rabbit serum used as negative control
showed no staining of the LAK cells (Figure 1 B). In addi-
tion, the unstimulated peripheral blood mononuclear cells
showed some granzyme B-positive mononuclear cells,
probably representing NK cells. The peripheral blood as

well as tissue infiltrate of polymorphs, monocytes, or mac-

rophages showed no staining with granzyme B antibody
(data not shown).

Figure 1 C illustrates the cytoplasmic staining of the
lymphocytes infiltrating the myocardium of a patient with
moderate acute rejection. The vast majority of cellular in-
filtrate stained but the intensity of the staining reaction
was variable. The staining was strong for the transformed
(activated) lymphocytes found in the perivascular, intra-
vascular, and interstitial areas. The staining was less pro-

nounced in the small lymphocytes, which were also
present in small numbers in the myocardium. The im-
mune reaction was less pronounced in lymphocytes,
which are smaller than those plump lymphoblasts. The
antibody reactivity was optimal at a 1:600 dilution be-
cause lower dilutions showed strong background stain-
ing, whereas higher dilutions led to progressive loss of
immunostaining. The best results were obtained after 60
to 90 minutes incubation. Prolonged incubation for 12 to
24 hours at higher dilutions was unsuccessful. A constant
immunoreactivity of granzyme B antibody with smooth
muscle of blood vessels in the myocardium was ob-
served (Figure 1 D). The specificity of granzyme B anti-
body staining is summarized in Table 1. Absorption ex-

periments (Table 2) confirmed restriction of granzyme B
reactivity to an antigenic determinant shared by smooth
muscle. The fact that some proteolytic enzymes reduce
the nonspecific background and enhance the immune
reactivity of the formalin-fixed tissue prompted us to use

trypsin.21 A marked reduction in the nonspecific back-
ground and slight improvement in the immunostaining
was observed by preincubating the paraffin sections with
0.1% trypsin for 30 minutes. Some foci of unstained lym-
phocytic infiltrate were present in some sections, espe-
cially where the infiltrate was arranged in either ribbons or

Table 1. Reactivty of Granzyme B Antibody with
Various Tisue

Granzyme B
Tissues antibody reactivity

Gastrointestinal tract
Intestinal epithelium

Kidney
Tubular epithelium
Glomeruli
Interstitium

Liver
Hepatocytes
Biliary tract epithelium

Pancreas
Pancreatic acini
Pancreatic ductal epithelium

Lung
Respiratory epithelium
Lung parenchyma

Endocrine glands
Thyroid
Adrenal
Pituitary

Skin
Epidermis
Dermis

Muscles
Cardiac muscle
Skeletal muscle
Smooth muscle +

Nervous System
Cerebrum
Cerebellum
Spinal cord
Peripheral nerve

clumps adjacent to the damaged myocardium. There
was no staining of the mononuclear cardiac allograft in-
filtrate by preimmune rabbit serum used as negative con-
trol (data not shown).

Discussion

Immunohistochemistry has led to a better understanding
of the immunology of T cells. The two main advances in
immunohistochemical techniques in this area of research
include 1) the development of a variety of immunoperox-

Table 2. Absorption Experiments with Granzyme
BAntibody

Myocardial
Cardiac vascular
allograft smooth

Granzyme B antibody infiltrate muscle

Unabsorbed + +
Absorbed with LAK* cells - -
Absorbed with smooth musclet ±t
Absorbed with skeletal muscle + +

* Lymphokine-activated killer cells.
t Weak residual staining of the cardiac allograft infiltrate.
t Myometrium.



1072 Hameed et al
AJP May 1991, Vol. 138, No. 5*:s~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.I.I'..

............

Sd.W E'.:.
.. .;



In Vivo Expression of Human Granzyme B 1073
AiP May 1991, Vol. 138, No. 5

Figure 1. Immunoperoxidase staining. A: LAK cells (positive control) using granzymeB antibody (diluted 1.600). B: Normal rabbit serum.
C: Demonstrates immunostaining oftheformalin-fixed tissue sectionfrom buman cardiac allograft rejection by anti-grannymeB antibody
(diluted 1:600). D: Represent cross-reactivity ofanti-granzyme B antibody with vascular smooth muscle. C and D were treated uwth 0.1%
tl)psin for 30 minutes before immunostaining (original magniflcation: A, B, C, x100; D, x10).

idase methods and 2) production of a large number of
polyclonal and monoclonal antibodies capable of recog-
nizing various T-cell subsets. A large number of antigens
generally absent from normal T cells are expressed by
activated and/or neoplastic T cells. These include Ti 0
(CD38) and human lymphocyte antigen-DR surface
antigens,22 hairy cell leukemia-associated antigen
LeuM5 (CD1 1 C),23 granulocyte/monocyte-associated
antigen LeuMl (CD15),24 the Reed-teinberg cell-
associated antigen Ki-1 (CD30),257 and the Tac anti-
gen (CD25/IL-2-R).2028 These antigens and the com-
monly used surface antigens CD4, CD8, CD16, and
Leu7, which define cells possessing helper/inducer, cy-
totoxic/suppressor, or NK activity, obviously do not mark
cytoplasmic granules of activated T cells and NK cells
implicated in cytolysis by granule exocytosis.2932 How-
ever a recent study reported a monoclonal antibody, des-
ignated TIA-1, that recognizes an intracellular 15-kd cy-
toplasmic granule-associated protein in murine cytotoxic
cells.' Another study described identification of pore-
forming protein, perforin in cytotoxic cells among inflam-
matory infiltrate during acute myocarditis.34 Our study,
using tissues from human cardiac allograft rejection, lo-
calized granzyme B antigen that is one of the apparently
constant components of cytoplasmic granules of human
cytotoxic cells. Although the role of granzyme B in cell-
mediated cytolysis is unknown, its coexpression with
other important cytolytic effector molecules, such as per-
forin, still makes it a potential cytoplasmic granule marker
of cytotoxic cells in human tissues.

Most of the activated T-cell and NK-cell markers react
well on frozen sections, which are not always available.
The paraffin-embedded human tissues, which are more
commonly available, are not always suitable for immuno-
staining because many of the antigens are inactivated
during routine tissue processing. The fact that granzyme
B reactivity is well preserved in formalin-fixed tissue pro-
vides an excellent means to identify and quantitate cyto-
toxic cells in formalin-fixed human tissues. The analysis of
cell specificity of granzyme B gene expression in various
tissues, including smooth muscle (stomach), cardiac,
and skeletal muscle, showed no detectable level of gran-
zyme B transcript.35 The cross-reactivity of granzyme B
antibody with smooth muscle, indeed suggests that there
may be some unrelated smooth muscle antigen that
merely shares a common antigenic determinant with
granzyme B antigen. However the immunoreactivity of
granzyme B antibody with smooth muscle should not re-

duce the prospective diagnostic value of the antibody
because the smooth muscle cells are quite distinguish-
able by morphologic criteria. Some foci of unstained
mononuclear inflammatory cells among the graft infiltrate
were obvious in some sections. A number of possibilities
should be considered to explain this phenomenon: 1)
The unstained mononuclear infiftrate may not represent
cytotoxic cells; 2) lack of immune reaction may be due to
relative preservation of cytoplasmic or granule mem-
branes with consequent inaccessibility of the antigen for
the antibodies reaction; 3) it may imply in vivo degranu-
lation of the cytotoxic cells during lethal hit; 4) because
acute rejection takes place within several days, the cel-
lular infiltrate in different areas does not correspond to the
same time points. As a result, the cells with poor and/or
no staining may represent infiltrate at relatively earlier time
points and perhaps with less well-preserved intracyto-
plasmic antigens.
We emphasize that our study with anti-granzyme B

antibody was merely directed toward the in vivo detection
of granzyme B antigen in cytotoxic cells in human tissues.
The presence of predominant granzyme-associated cy-
totoxic cells in cardiac allograft infiltrates during acute
mild or moderate rejection reflects that they are the main
cell type engaged in rejection. An in vivo study by Mueller
et all also demonstrated a predominant T-lymphocytic
infiltrate expressing two senne esterase genes in mouse
cardiac allograft rejection. However careful quantitative
analysis of these cytotoxic cells in human tissue in con-
junction with the patient's clinical course is required to
understand their role in graft survival. Indeed the produc-
tion of monoclonal granzyme B antibodies with probable
high specificity, high titer, and unlimited supply may
make them an invaluable tool for studying human cyto-
toxic cells among inflammatory infiltrates of multiple or-
gans in various immune reactions.
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