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Expression of cytokine genes in human cardiac allografts: correlation of IL-6

and transforming growth factor-beta (TGF-fi) with histological rejection
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SUMMARY

Cytokines may play critical roles in allograft rejection. Currently, a clear pattern of cytokine
production that correlates with rejection has not emerged. Our preliminary studies suggested a trend
toward increased IL-6 and TGF-,B gene expression in cardiac allografts during rejection. We have
extended these studies using reverse transcriptase/polymerase chain reaction (RT/PCR) to detect the
expression of IL-6, TGF-fl, and T cell receptor P chain constant region (TCR-,B) genes in 21
additional consecutive myocardial biopsies obtained from six heart transplant patients and from five
pre-transplant donor hearts. Cytokine gene expression was compared with histological diagnosis of
rejection. There was strong correlation between IL-6 as well as TGF-# gene expression, and
histological rejection (6/8 biopsies with versus 0/7 without rejection (P= 0 006) and 7/9 biopsies with
versus 0/7 without rejection (P=0 003) respectively). Neither IL-6 nor TGF-# transcripts were

detected in any pre-transplant donor heart. TCR-# chain mRNA was found in all allograft biopsies
regardless of the presence of rejection, but was absent in pre-transplant donor hearts. Our results
indicate that expression of IL-6 and TGF-f is highly correlated with allograft rejection and thus may
play an important role in regulation of cardiac allograft rejection. T cell infiltration of allografted
myocardium is invariably detected by PCR regardless of histological rejection. The long-term
functional significance of these cells in transplanted hearts needs further investigation.
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INTRODUCTION

Cytokines play central roles in the regulation of immune
responses. Their interactions in allograft rejection are not yet
completely understood. Although a number of studies on
cytokine expression in human and animal allografts have been
reported, a consistent pattern of cytokine expression has not
emerged. In part this may reflect methodological differences, as
studies using polymerase chain reaction (PCR) failed to find any
correlation between histological rejection and presence of IL- 1,
IL-6, and tumour necrosis factor-alpha (TNF-a) in renal
allografts [1], while Caillat-Zucman et al. [2] using in situ
hybridization found significantly elevated IL-6 expression in
acute rejection. It is also possible, however, that the absence of a
consistent pattern of cytokine expression thus far reflects true
differences in the mechanisms underlying graft rejection in
various tissues.

Our previous studies found that T cell receptor gene
transcripts were present in all cardiac allograft biopsies regard-
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less of rejection, but did not detect expression of IL-1, IL-4,
IL-5, interferon-gamma (IFN-y), or TNF-a. A trend toward
increased expression of IL-6 and TGF-JJ during rejection was
noted [3]. In the current study, we have continued analysis of
IL-6, TGF-# and TCR-/3 gene expression in additional allograft
myocardial biopsies and extended this analysis to pre-transplant
donor hearts. The results confirmed that expression ofmRNA
for IL-6 and TGF-f is highly correlated with rejection, and is
not found in normal myocardium before transplantation.

PATIENTS AND METHODS

Isolation ofRNA from myocardial biopsy specimens
Allograft myocardial biopsies were collected at the time of
regular surveillance biopsy. Biopsy specimens were read for
histopathology and classified by staff pathologists who were

unaware of the study results. Myocardium from pre-transplant
donor hearts was obtained immediately after organ excision.
Individual biopsies for reverse transcriptase (RT)/PCR were

placed in sterile freezer vials (Nunc, Roskilde, Denmark)
and stored at -70'C until used for RNA preparation.
Total cytoplasmic RNA was isolated from myocardial biopsy
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Table 1. Preliminary study (a) and current study (b) on IL-6 and TGF-/3
gene expression

a

Rejection Non-rejection
Gene product n(N) n(N)

IL-6 6 (10)* 1 (7)*
TGF-# 4 (9)t 0 (7)t

b

Rejection Non-rejection Pre-transplantation
Gene product n(N) n(N) heart n(N)

IL-6 6 (8)T 0 (7)1 0 (5)
TGF-fl 7 (9)§ 0 (7)§ 0(5)

n, Number of biopsies positive for gene expression; N, number of
biopsies studied.
* P=007.
t P=007.
t P=0 006.
§ P=0003.

specimens by the guanidinium thiocyanate-phenol chloroform
method in 500 pl homogenization buffer [4]. The RNA was

dissolved in 10 p1 diethyl pyrocarbonate-treated distilled water
for reverse transcription reaction. All patients participating in
this study received standard immunosuppression (cyclosporine,
azathioprine, and prednisone). The studies were approved by
the Institutional Review Board.

Reverse transcription and polymerase chain reaction
RNA isolated from myocardial biopsy specimens was used for
first strand cDNA synthesis with oligo dT and MMLV reverse

transcriptase (BRL, Gaithersburg, MD) as suggested by the
manufacturer. PCR amplification ofcDNA was performed with
primers for IL-6, TGF-# (Clontech, Palo Alto, CA), and TCR
chain constant region (sense primer 5'TTCCCACCCGAGG-
TCGCTGT 3' and anti-sense primer 5'AGGCCTCGGCGCT-
GACGATC 3'). Human glyceraldehyde 3-phosphate dehydro-
genase (GAPDH; Stratagene, La Jolla, CA) primers were used
as positive controls. PCR reactions were performed in 10 mM
Tris/HCl, pH 8-3, 50 mm KCI, 1 5 mm MgCl2, 0-2 mm dNTP,
and 2 U ofTaq polymerase (Perkin Elmer Cetus, Norwalk, CT).
Primers were added at a final concentration of 0-5 gM for IL-6
and TGF-/ primers, and 0-3 yM for T cell receptor chain
primers. Reactions were carried out in a DNA Thermal Cycler
(Perkin Elmer Cetus) for 39 cycles, including denaturing at 94°C
for 1 min, annealing at 60°C for 2 min, and extension at 72°C for
3 min for each cycle. PCR products were analysed on 2%
agarose gels.

Cytokine gene expression was compared with histological
diagnosis of rejection. Statistical significance was determined by
Fisher's exact test.

RESULTS

Consecutive myocardial biopsies (n = 32) from 12 heart trans-

plant recipients were analysed. The results from the first 16
biopsies in six patients have been reported previously [3]. These
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Fig. 1. Representative agarose gel electrophoresis of reverse transcrip-
tase/polymerase chain reaction (RT/PCR) amplification products. Lane
MW, DNA molecular weight markers; lanes 1-5, samples with
histological rejection; lanes 6- 10, samples without histological rejection;
lanes 11- 15, samples from pretransplant hearts. GAPDH, Glyceralde-
hyde 3-phosphate dehydrogenase; TCR-,B, T cell receptor fl-chain
constant region.

results demonstrated the presence of T cells in all allograft
biopsies and suggested a trend toward increased expression of
IL-6 and TGF-# during rejection (Table l a). To investigate this
further, RT/PCR for IL-6, TGF-fl, and T cell receptor # was
performed on 21 additional biopsies from six patients and five
pre-transplant normal donor hearts. Expression of the GAPDH
gene served as a control to ensure that RNA from myocardial
biopsies was intact (Fig. 1). Histology of allograft myocardial
biopsies was studied in parallel with PCR and classified
according to International Society for Heart Transplantation
(ISHT) criteria. For statistical analysis, the results of the
experiments performed during the preliminary study and the
current study are presented separately in Table 1.

As found previously [3], T cell receptor /3 chain transcripts
were observed in all cardiac allograft biopsies regardless of
rejection. No TCR-fl transcript was detected in any pre-
transplant heart (Fig. 1). As shown in Table lb, IL-6 transcripts
were detected in 6/15 allograft biopsies in the current study (Fig.
1) and were strongly correlated with histological rejection, 6/8
biopsies with rejection, and 0/7 without rejection (P=0-006).
TGF-# message was amplified in 7/9 biopsies with rejection and
0/7 without rejection (Fig. 1, Table 1 b). Correlation between
TGF-,B gene expression and histological rejection was statisti-
cally significant (P= 0-003).

The concentration of RNA in each sample, and hence the
amount ofcDNA in each PCR, could not be quantified because
of the small amount of tissue in myocardial biopsies. However,
PCR forGAPDH was performed on serial dilutions ofcDNA to
determine the relative concentration ofeach sample. To equalize
the concentration of cDNA in samples, a two- to four-fold
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increase in the amount of cDNA was used in a second PCR for
several samples (e.g. 8 and 10, Fig. 1). This did not result in a
positive PCR for IL-6 or TGF-fi in samples that were negative in
the previous PCR (data not shown).

Included in these studies were sequential biopsies taken
before, during and after rejection in seven patients. Of 15
biopsies taken during rejection in these seven patients, 10 were
positive for IL-6 and nine for TGF-fl gene expression. Six
biopsies obtained at intervals of 1-8 weeks before rejection were
negative for IL-6 and TGF-fl transcripts. Of nine myocardial
biopsies obtained 2-4 weeks after rejection, one was positive for
IL-6 and none for TGF-fl gene expression. Three patients had
recurrent allograft rejection. Neither IL-6 nor TGF-fl gene
expression were detected in the interval between the two
rejection episodes.

DISCUSSION

The immunological mechanisms that govern allograft rejection
are probably a complex network of regulatory and effector cells
as well as cytokines. Our data show a strong correlation of IL-6
and TGF-# with histological rejection, and suggest that they
play important roles in regulation of allograft rejection. IL-6 is a
multifunctional cytokine that regulates the immune system [5].
Along with TNF-ot and IL-l, IL-6 belongs to the group of
endogenous mediators of the host response to injury [6],
infection [7], and transplantation [8,9]. IL-6 acts via a specific
dimeric receptor [10] and plays an important role in the
activation ofhuman T lymphocytes and natural killer (NK) cells
[11]. In normal individuals IL-6 synthesis becomes detectable
after injury or infection [12]. The likely cellular sources ofIL-6 in
allografts include T cells [13], NK cells [13], monocytes [14],
endothelial cells [15], and smooth muscle cells [16]. Specific up-
regulation of IL-6 gene expression and its products in cardiac
allografts and other organ allografts during rejection [2,17-20]
is testimony to its central role in allograft rejection. It is not clear
whether increased IL-6 expression is generated by non-immune
components in response to rejection injury, or by T cells
infiltrating the myocardium. IL-6 transcripts were absent in
30% of the rejecting biopsies in our study. This may reflect focal
rejection and discordance of samples for histology and RT/
PCR, or simply the sensitivity ofthe assay. It is also possible that
variable immune mechanisms may dominate during different
rejection episodes.

TGF-f is an important regulatory factor and exhibits a
complex range of biological activities in a large number of cell
types. In vitro studies have shown that TGF-# impairs the
proliferation of lymphoid cells and inhibits certain differen-
tiated functions, including antibody production by B cells [21]
and cytolytic activity of cytotoxic cells [22-24]. TGF-3 is a
potent chemotaxic molecule for monocytes [25] and increases
IL-1, platelet-derived growth factor (PDGF), and fibroblast
growth factor (FGF) gene transcription [25]. Both lymphocytes
and monocytes have high-affinity TGF-# receptors [21,26]. In
vivo, exogenous TGF-# can delay onset of rejection of ectopic
cardiac transplants [27] and suppress autoimmune diseases
[28,29]. TGF-f also appears fundamental to tissue repair.
TGF-P has been shown to increase production of collagen,
fibronectin and other matrix proteins [30], decrease synthesis of
enzymes which degrade matrix proteins [31,32], and increase

synthesis of proteolytic inhibitors [30]. The correlation of TGF-
f with histological rejection in our studies suggests TGF-# may
play a role in immunoregulation and repair processes during
rejection.

Results of immunohistochemical studies on human cardiac
allografts differ somewhat from our data. Ruan et al. [33]
observed prominent expression of IL-2 and IFN-y in allograft
myocardial biopsies during severe cellular rejection. IL-6 ex-
pression was infrequently present. In contrast, we found IL-2
mRNA transcripts in only 2/13 rejecting biopsies, and no IFN-y
message. However, none of these biopsies was classified as
severe rejection [3]. These disparities may also be due to inherent
differences in kinetics between gene expression and protein
synthesis.

Analysis of cytokine expression in other human solid organ
transplants has revealed diverse results. Similar to our finding,
Caillat-Zucman et al. [2] using in situ hybridization demon-
strated up-regulation of IL-6 gene expression during renal
allograft rejection. Bishop et al. [18] observed elevated IL-6
expression by immunohistology in chronic liver rejection, and
occasionally in acute rejection. In contrast, Martinez et al. [34]
using PCR found that IL-5 gene expression was associated with
rejection in liver allografts, while IL-1, IL-6 and TNF-a were
expressed variably and not correlated with rejection. Lipman et
al. [1], however, found an association of cytotoxic T lymphocyte
(CTL)-specific serine protease gene expression, but no correla-
tion of IL-1, IL-6, or TNF-ax with rejection in renal allografts.
Further studies will be needed to clarify the divergent results
obtained thus far. In contrast to data on human allograft
rejection, multiple cytokines are detected in animal models of
unmodified organ transplantation across MHC barriers [35-39]
and in some syngeneic transplants [39]. In part this reflects the
intensity of rejection occurring in the absence of immunosup-
pression, and may also be related somehow to different
mechanisms underlying immune responses in disparate species.

The results of our current studies confirm the presence of
TCR-,B in all allografts and its absence in pre-transplant hearts.
Thus, T cell infiltration occurs in all allografts regardless of
rejection, and is not a feature of normal hearts. Similar findings
have been reported in murine pancreatic islet grafts [38] and
human renal allografts [40], with the latter study demonstrating
that the T cells infiltrating the grafts are polyclonal. The small
number ofT cells may be insufficient to elicit rejection, but may
nonetheless generate a variety of interactions contributing to
chronic immune injury.
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