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Accelerated graft coronary atherosclerosis is the
main obstacle to long-term survival in patients who
have had a heart transplant. A possible involvement
of the human cytomegalovirus (HCMV) in this type
of coronary atherosclerosis has been postulated by
many authors but has not been definitively demon-
strated. In an attempt to clarify the role of HCMV
infection in the pathogenesis of this complication,
we looked for in situ antigens or DNA of HCMV in 30
coronary artery segments obtained at necropsy
from patients who had undergone orthotopic car-
diac transplantation at the Sdo Paulo Heart Insti-
tute. We tried to correlate these HCMV markers
with the presence of inflammation and/or athero-
sclerosis in histologic sections. The patients were
grouped as follows: GI, less than 170 days of graft
survival and absent/mild atherosclerosis; GII, more
than 170 days of graft survival and absent/mild ath-
erosclerosis; GIII, more than 170 days of graft sur-
vival and severe/moderate atherosclerosis (170 days
was the shortest graft survival time associated with
atherosclerosis). The search for HCMV genome and
antigens in the coronary artery sections was per-
formed using immunohistochemistry, in situ hy-
bridization, and polymerase chain reaction in situ
techniques. Immunohistochemistry and in situ hy-
bridization revealed no evidence of HCMV in all 30
cases. Polymerase chain reaction in situ revealed
scarce HCMV-positive lymphocytes in two cases
(one each from GI and GIII) located in the adventi-
tial layer. These findings preclude a direct role for
the HCMYV in the pathogenesis of accelerated graft
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coronary atherosclerosis. However, the possibility
of an indirect effect of the virus, such as an
immune-mediated inflammatory response by the
host that increases the expression of histocompati-
bility antigens, leading to tissue injury, cannot be
excluded.
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Contemporary immunosuppressive therapy, the
use of endomyocardial biopsy to monitor for po-
tential rejection, and the control of opportunistic
infections have led to an improvement in the early
survival rate of patients after heart transplantation.
However, accelerated coronary artery disease
(ACAD) is the major factor that limits the success of
long-term engraftment. The registry of the Interna-
tional Society for Heart and Lung Transplantation
shows that 40% of retransplants are due to chronic
rejection and ACAD (1). Furthermore, the survival
rates of patients who undergo retransplantation are
significantly lower than those of patients who un-
dergo primary heart transplantation (2).
Accelerated graft coronary atherosclerosis has
some morphologic differences from native athero-
sclerosis. It is usually concentric and fibrocellular
with involvement of the entire coronary tree, in-
cluding the small branches (3, 4). It develops soon
(6 months to 1 year) after heart transplantation, and
risk factors for the usual form of atherosclerosis
seem to participate little in its pathogenesis.
Whereas the pathogenesis of such lesions is not
well defined, immunologic mechanisms mainly re-
lated to rejection episodes seem to be involved in a
milieu of nonimmunologic risk factors (5-7). Many
authors have attributed an important role to the
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herpesvirus, particularly the human cytomegalovi-
rus (HCMV), in the pathogenesis of this vasculopa-
thy (8-10). However, there are data that contradict
this hypothesis (11-14). Whereas many studies have
demonstrated possible links between herpesviruses
and native atherosclerosis (15-18), data that dem-
onstrate a relationship between the virus and the
development of accelerated graft coronary athero-
sclerosis are fewer and inconclusive. In this study,
we tried to clarify whether HCMV is directly in-
volved in the pathogenesis of accelerated graft cor-
onary atherosclerosis, using the very sensitive tech-
niques of immunohistochemistry (IHC), in situ
hybridization (ISH), and polymerase chain reaction
in situ (PCR-IS) to locate HCMV antigens or ge-
nome in coronary artery segments obtained at nec-
ropsies from cardiac allograft recipients. These data
were then correlated with histopathologic charac-
teristics of the atherosclerotic lesions and clinical
data to determine the presence of a relationship.

MATERIALS AND METHODS

Casuistic

We analyzed proximal and distal coronary artery
segments obtained at necropsy from 30 cardiac pa-

TABLE 1. Clinical Data

tients who had undergone heart transplantation at
our institution and died between 1986 and 1994.
The postmortem interval before fixation (10% buff-
ered neutral formalin-saline) ranged from 2 to 12 h.
These patients consisted of 23 males and 7 females,
with a mean age of 43 years (range, 8 to 62 years).
The graft survival times ranged from 0 to 1268 days,
with a mean of 328 days. The primary diagnoses
were idiopathic dilated cardiomyopathy in 15 pa-
tients, ischemic heart disease in 7, rheumatic dis-
ease in 5, and chronic Chagas’ disease in 3. Pre-
transplant CMV serology was positive in 22 cases
(73.3%), negative in 4 cases (13.3%), and not per-
formed or found in 4 cases (13.3%). The posttrans-
plant active infection was found positive in 7 of 22
patients (31.8%), and 3 of 7 patients (42.8%) had
clinical manifestation. Reactivation or active CMV
infection was considered if IgM antibodies were
present at serum or there was a 4-fold increase in
antibody titer of IgG or seroconversion of IgG anti-
bodies or presence of CMV in any fluid (Table 1).

Methods: Histopathologic Analysis

Microscopic examination of the entire coronary
artery tree was performed. Transverse sections that

CMV Status
Case Age Sex Graft Primary Rejection Death with - - - —
(yr) Survival Diagnosis Episodes® Infection Serology Active Infection With Clinical
PreTx PosTx Manifestation
1 22 m 49 IDC 0 Y - - -
2 28 m 200 CHD 10 N + - -
3 54 m 3 IHD 0 N NP - -
4 55 m 56 IHD 1 N + + -
5 44 f 37 IDC 1 Y NP - -
6 16 f 94 RD 0 Y + + -
7 34 m 214 IDC 2 Y + - -
8 28 m 19 CHD 0 N + - -
9 48 m 330 IHD 2 N + - -
10 51 m 25 IDC 0 Y - - -
11 38 m 0 IHD 0 N NP -
12 35 m 266 IDC 4 N + - -
13 53 m 466 IDC 1 N + - -
14 40 f 182 IDC 1 N + - -
15 25 m 508 IDC 4 Y - - -
16 49 m 1242 IHD 3 N +
17 46 m 1111 IDC 1 Y + - -
18 47 m 1163 IHD 11 Y + + +
19 62 m 178 IDC 2 Y + + +
20 52 f 47 IDC 0 N + + +
21 40 m 163 RD 0 Y NP - -
22 50 m 263 RD 1 N + +
23 42 f 698 IDC 12 N + + -
24 48 f 67 IDC 1 N + - -
25 39 m 611 CHD 3 Y + - -
26 23 m 23 IDC 0 N + -
27 55 m 60 IHD 0 N + - -
28 23 m 1268 RD 2 Y + - -
29 7 f 15 IHD 0 Y - - -
30 55 m 486 IDC 4 Y + - -

CMYV, cytomegalovirus; PreTx, pretransplant; PosTx, posttransplant; m, male; f, female; IDC, idiopathic dilated cardiomyopathy; CHD, chronic Chagas’
disease; IHD, ischemic heart disease; RD, rheumatic disease; Y, yes; N, no; —, (negative); +, (positive); NP, not performed.

“Score: 0 to 12 (number of rejection episodes).
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showed major obstruction of the lumen were cho-
sen from sections obtained 3 cm proximal and dis-
tal to the epicardial coronary arteries. Serial sec-
tions of this paraffin-embedded tissue were
mounted on silane-coated glass slides for submis-
sion to four different techniques: histologic staining
(hematoxylin and eosin), IHC, ISH, and PCR-IS.

Group Assignments and Statistical Analysis

On the basis of the atherosclerosis grade and
graft survival time, we divided our 30 cases into
three groups: GI, less than 170 days of graft survival
and absent/mild atherosclerosis (Fig. 1A); GII, more
than 170 days of graft survival and absent/mild (less
than 50% obstruction of the lumen) atherosclerosis
(Fig. 1B); GIII, more than 170 days of graft survival
and severe/moderate atherosclerosis (Fig. 1C).
(Note: 170 days was the shortest graft survival time
associated with atherosclerosis causing greater than
50% obstruction of the lumen). Statistical analysis was
performed using Spearman’s rank correlation in an
attempt to correlate the presence of HCMV with clin-
ical data and histopathologic findings.

Immunohistochemical Staining

Enzymatic digestion was performed with 0.0015%
trypsin (Sigma, St. Louis, MO) in phosphate-
buffered saline (PBS), pH 7.6, for 10 min at 37° C.
The slides were then incubated overnight at 4° C
with a 1:500 dilution of a monoclonal antibody
anti-major-immediate-early antigen of HCMYV,
MAB-810, clone E13 (Chemicon International, Inc.,
Temecula, CA). Next, the sections were incubated
for 30 min at 37° C with a secondary antibody,
biotinylated rabbit antimouse (DakoPatts, Carpin-
teria, CA), diluted 1:400 in PBS. This was followed
by incubation with a 1:200 dilution of streptavidin-
conjugated peroxidase (Amersham, UK) for 1 h at
37° C. To develop the reaction, 3,3'-diamino-

benzidine (Sigma) was used as a chromogen at a
dilution of 0.04% in PBS and 0.036% H,0, as an
enzyme substrate for 4 min at room temperature.
Sections were counterstained with Gill’s hematox-
ylin (Sigma). Between the incubations, the slides
were rinsed three times for 5 min with PBS.

In Situ Hybridization

For the ISH, the sections were digested with pro-
teinase K (GIBCO/BRL, Gaithersburg, MD) 0.125
mg/mL in PBS-EDTA for 15 to 30 min at 37° C.
Then, 20 pl of hybridization mixture was applied to
the sections and spread by placing a glass coverslip
over the section. The coverslips were sealed with a
rubber cement to avoid evaporation of the mixture.
The genomic biotinylated labeled HCMV-DNA
probe (ENZO Diagnostics, New York, NY) is a mix-
ture of two clones of CMV sequences, one cloned
into the BamHI site of pIEI76 and the other cloned
into the BamHI site of pUCI18. The fragment size
ranged from 100 to 1000 bp estimated by agarose
gel electrophoresis. The double strands of the probe
and DNA target were denatured by heating the
slides on a dry block (ENZO) at 95 * 3° C for 5 min.
Hybridization was performed for 2 h in a humidity
chamber at 37° C with a hybridization cocktail con-
taining the HCMV probe in 50% formamide, 50%
dextran sulfate, 20 X SSPE, and deionized water.
Immediately after hybridization, the coverslips
were removed by rinsing in PBS-EDTA plus 0.1%
Triton-X-100. Then, the sections were incubated
twice with a stringency solution, 2 X SSC and 0.2 X
SSC for 15 min at 37° C. The reaction was developed
with a 1:300 dilution of streptavidin-peroxidase
conjugate (Amersham Life Science) for 15 min at
37° C and the chromogen 3-aminoethylcarbazole
(Biomeda, Foster City, CA) for 5 min at room tem-
perature. Sections were counterstained with Gill’s
hematoxylin for 5 min and mounted with Crystal
Mount (Biomeda).

FIGURE 1. Microscopic views of coronary artery segments. A, Group I absent or mild intimal concentric thickening (0 to 25% of obstruction). B,
Group IT mild intimal concentric thickening (less than 50% of obstruction). C, Group III severe intimal concentric thickening (75% of obstruction).
This field shows severe adventitial lymphocytic inflammatory infiltrate of case 30 (arrows) (original magnification, 16X) .
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Polymerase Chain Reaction In Situ

Two serial tissue sections on the same slide were
submitted to protein digestion with 2 mg/mL of pep-
sin (Boehringer Mannheim, Indianapolis, IN) for 25
min at room temperature. The PCR-IS protocol used
was that described by Nuovo (19), using the 1000
thermal cycler (Perkin Elmer, Norwalk, CT). The PCR/
amplifying solution contained GeneAmp PCR buffer
(Perkin Elmer); 4.5 mm magnesium; 200 mm each of
deoxyadenosine triphosphate, deoxycytidine triphos-
phate, deoxyguanosine triphosphate, and deoxythy-
midine triphosphate; 1 mMm of each of the primers;
0.006% of bovine serum albumin; water; and 5 U/50
wl of Taq polymerase. The primer pairs were comple-
mentary to genes located within the region of the viral
genome that codes for the major immediate-early
antigen region of HCMV (Towne strain) (Research
Genetics, Inc., Huntsville, IL) (shown in Table 2). The
PCR product was detected using the ISH technique.
The probe (Research Genetics, Inc.) (shown in Table
2) was labeled with digoxigenin (Kit Genius, Boehrin-
ger Mannheim), and the detection was accomplished
using an alkaline phosphatase-antidigoxigenin conju-
gate (1:50 dilution in 0.1 m Tris HCI, pH 7.4, and 0.1
MNaCl) for 30 min (Boehringer Mannheim). Then, the
chromogen nitrobluetetrazolium and 5-bromo-4-
chloro-3-indolyl-phosphate was enzymatically trans-
formed (room temperature for 10 min) into a dark-
blue precipitate. The slides were counterstained for 5
min with fast red solution, which stains nuclei a pale
pink (Boehringer Mannheim), and cover-slipped with
Permount.

As a control for the reactions, we used human
ovarian tissue previously known to be positive for
HCMV obtained from necropsy and submitted to
the same technical procedures of the coronary ar-
tery segments. An unrelated probe that did not
correspond to a target in the cells (HSV-1 and 2,
ENZO) was used as a negative control for ISH and
PCR-IS to detect eventual nonspecific false-positive
reactions. An amplification solution lacking primer
pairs was also used on one section as a negative
control for the PCR amplification.

RESULTS

Immunohistochemistry, In Situ Hybridization,
and Polymerase Chain Reaction In Situ

IHC and ISH revealed no evidence of HCMYV in all
30 of our cases (100%) (Table 3) but demonstrated

HCMYV positivity in the controls (Figs. 2A and B).
PCR-IS detected HCMV structures in 2 of 21 cases
(9.5%), involving small lymphocytes in the adven-
titial layer (Table 3, Figs. 2D and E). These positive
cells were associated with severe inflammation of
the adventitia and concentric intimal thickening in
Case 30 (Fig. 1C); however, no atherosclerosis or
significant adventitial inflammation was observed
in Case 6. A high number of HCMV-positive cells
were found in the control, as expected (Fig. 2C).

Histopathologic Findings

The semiquantitative histopathologic findings
were correlated with clinical data such as the graft
survival time and number of episodes of acute re-
jection. Spearman’s rank correlation test (Table 4)
revealed a positive correlation between the number
of rejection episodes and the presence of intimal
thickening (P = .0003, in proximal segment) and
also between the presence of intimal thickening
and fibrosis in the medial and adventitial layers
(P =.0001 and P = .0035, respectively). The inflam-
matory infiltrate in the intimal layer was absent or
mild in 70% of our cases and unrelated to the graft
survival time (P = .23). There was no correlation
between the presence of HCMV and histopatho-
logic characteristics of the intimal thickening.

DISCUSSION

In the present study, we used very sensitive in
situ methods of detection to identify HCMV anti-
gens or DNA in coronary artery wall segments ob-
tained at necropsy from 30 patients who had had a
heart transplant. Only PCR-IS demonstrated struc-
tures that were positive for HCMV. This DNA-
HCMV positivity occurred in small lymphocytes in
the adventitia of two cases: one from Group III with
moderate atherosclerosis and the other from Group
I with no atherosclerosis. (The absence of athero-
sclerosis in the latter case could be explained by the
brief posttransplant survival period of only 94
days.) The remaining cases showed no evidence of
HCMYV, and the positivity was limited to a few lym-
phocytes in the adventitia of only two cases. We
therefore believe that there is no direct cause-and-
effect relationship between the presence of CMV
and the development of accelerated allograft ath-
erosclerosis.

TABLE 2. Oligoprimer and Probe Sequences Used in the Detection of Human Cytomegalovirus by Polymerase Chain

Reaction /In Situ

Primers/Probe

Sequence

MIE4CMYV (sense)
MIE5CMV (antisense)
MIOPROBE

5'-CCA-AGC-GGC-CTC-TGA-TAA-CCA-AGC-C-3’
5'-CAG-CAC-CAT-CCT-CCT-CTT-CCT-CTG-G-3'
5'-GAG-GCT-ATT-GTA-GCC-TAC-ACT-TTG-G-3’
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TABLE 3. Group Data and Results

Mean Graft IHC ISH PCR-IS

Groups . (n = 30) (n = 30) (n=21)
Survival (SD) .. . .

Positive Positive Positive

Group I (n = 14) 47 days (42.4) 0 0 1 case
Group I (n =7) 347 days (174.5) 0 0 0

Group III (n = 9) 866 days (434.7) 0 0 1 case

[HC, immunohistochemistry; ISH, in situ hybridization; PCR-IS, polymerase chain reaction plus in situ hybridization.

nr - .
5 il - .. 4 £ ] S 3 %
[ A : L 4 L. .y & |
A B, sra? C R ke A
..'
: R
"
s &
k3
T 0"
- ¢ -a. .
- \

L)

ki
]
s 4
.
@

é

g
\. a
FIGURE 2. A-C, ovarian tissue (positive controls) showing several human cytomegalovirus—positive cells: A, Imnmunohistochemistry, stained in
brown (3,3’-diaminobenzidine (arrow) (original magnification, 160x); B, in situ hybridization, stained in red (3'-amino,g-ethylcarbazole) (arrow)
(original magnification, 160X); C, polymerase chain reaction in situ stained in dark blue (5-bromo-4-chloro-3-indolyl-phosphate) (arrow) (original
magnification, 250x). D and E, adventitial layer of coronary artery segments showing human cytomegalovirus DNA in a lymphocyte (arrows): D,

polymerase chain reaction in situ in Patient 30 (original magnification, 400X); E, polymerase chain reaction in situ in Patient 6 (original
magnification, 400).

Our results are in accordance with those of other  group. This difference was not statistically significant
groups that have identified CMV antigens or CMV-  and indicates a low frequency of detectable HCMV
DNA in endothelial cells, vascular smooth muscle genome in ACAD (14). In addition, Nadasdy and col-
cells, or cardiac muscle cells, but at very low positivity ~ leagues (13) found very low levels of CMV positivity in
rates (8, 14, 20). Gulizia et al. (14) used ISH and PCR to tubule cells when they used IHC, ISH, and PCR to
detect HCMV structures in human heart allografts, = perform a similar study in renal allograft specimens.
using hearts from trauma victims as a control group.  They also found no association between CMYV infec-
They found HCMV positivity in 8 of 41 allografts  tion and obliterative transplant arteriopathy in cases
(19.5%) versus 1 of 22 hearts (4.5%) in the control of renal allograft rejection.
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TABLE 4. Statistical Analysis: Spearman’s Rank Correlation

Intimal Intimal Medial Fibrosis Adventitial

Thickening Inflammation Fibrosis

Graft survival 0.0007(P) 0.2396(P) 0.0007(P) 0.0214(P)
0.0459(D) 0.8610(D) 0.0017(D) 0.0128(D)

Rejection 0.0003(P) 0.0380(P) 0.0006(P) 0.0360(P)
0.0160(D) 0.4975(D) 0.0108(D) 0.0905(D)

Medial fibrosis 0.0001(P) 0.0073(P) — 0.0003(P)
0.0331(D) 0.2100(D) 0.0007(D)

P, proximal coronary artery segment; D, distal coronary artery segment.

P < .05.

Our results differ from those of Gulizia et al. (14)
regarding the detection of HCMV with ISH.
Whereas we found no evidence of HCMV using ISH
(0%), Gulizia et al. (14) detected HCMV structures
by ISH in four cases (17.4%) but the DNA-HCMV
was focally positive in the perivascular myocardium
of two cases and only involved the adventitia and
media of a coronary artery in the other two positive
cases (8.7%). This difference in ISH results could be
due to our use of a nonradioactive probe versus the
radiolabeled probe (*°S) used by Gulizia er al. How-
ever, the idea that a radiolabeled probe maximizes
the sensitivity of ISH is a misconception. Advances
in nonisotopic labeling (biotin and digoxigenin)
probes and detection systems have enhanced the
sensitivity of the ISH technique (19). A lower num-
ber of viral copies are frequently present in our
coronary artery sections, which could be demon-
strated only by ISH after PCR.

Most of the evidence suggesting an association
between infection with the herpes family of viruses
(e.g., herpes simplex virus, CMV) and the develop-
ment of native atherosclerosis or cardiac allograft
vasculopathy comes from experimental works (8,
15, 16, 20). Normocholesterolemic chickens with
Marek’s disease, a disorder caused by an avian
herpesvirus infection, developed occlusive athero-
sclerotic lesions (21). Hajjar (22) suggested that by
penetrating cells of the vessel, the herpesvirus
could induce alterations in lipid metabolic activity,
leading to an accumulation of cholesterol. Accord-
ing to this mechanism, the virus should be found
frequently in intimal thickenings. Lemstron et al.
(23) observed decreased rates of ACAD in CMV-
infected cardiac allograft rats treated with antiviral
drugs.

Some clinical data have linked active HCMV in-
fection in patients who have had a heart transplant
with both an increased number of rejection epi-
sodes and the development of graft vasculopathy
(9, 10, 24). In contrast, Dummer et al. (25) investi-
gated 314 patients who underwent cardiac trans-
plantation and found no association between
HCMYV seropositivity and the presence of athero-
sclerosis. More recent, it has been shown that the
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HCMV genome could interfere with the tumor sup-
pressor gene p53 that inhibits cell cycle progres-
sion, leading to cellular proliferation and coronary
restenosis (26-28). This could be a possible way for
HCMV to contribute to the development of ACAD.

In the present work, we can discard the notion
that the apparent discrepancy between the clinical
and laboratory data and pathologic findings regard-
ing the frequency of HCMV detection is due to
insufficient sensitivity of the techniques used.
PCR-IS is the most sensitive technique for detecting
DNA in histopathologic sections. Furthermore, we
were able to localize precisely the few HCMV-
positive lymphocytes to the adventitial layer among
the inflammatory infiltrate. Different from other
studies, the HCMV active infection is not a frequent
and severe complication in our cardiac trans-
planted receptors (29). In the present casuistic, the
active infection occurred in 31.8% detected by
monitoring HCMV antibody titers in our patients
during the posttransplant period. This finding
could be explained by the high prevalence of HCMV
seropositivity in the receptors (82.85% of seroposi-
tivity in pretransplant period), which indicates that
latent viral infection is a common finding in our
patient population.

Recent studies have tried to demonstrate which
tissues are harbor for viral DNA and the relative
viral DNA load for each seropositive human’s or-
gans. They have found using the PCR-IS technique
that latent HCMV-DNA is located in liver sinusoidal
lining cells (30).

In summary, our data suggest that HCMV does
not play a direct role in the pathogenesis of ACAD.
However, an indirect role for HCMV cannot be
ruled out. If HCMV really does contribute to the
cause of ACAD, the best hypothesis is that the
HCMYV triggers vascular inflammation, which may
favor the development of graft atherosclerosis.
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