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Cytomegalovirus (CMV) reactivation in immune compro-
mised patients such as those undergoing hematopoietic pro-
genitor cell transplantation (HPCT) and those with HIV
infections can cause severe morbidity and mortality despite
treatment with appropriate antiviral agents. The recovery of
Cytomegalovirus (CMV) specific cytotoxic T lymphocytes
(CTL) plays an important role in the reconstitution of CMV
specific immunity in immunocompromised patients. Recent
studies have reported that CMV reactivation can be
successfully treated by adoptive transfer of CMV-specific T
cell clones from CMV seropositive donors expanded in vitro
with CMV infected fibroblasts or lysates of CMV infected
cells. Other studies have used immune dominant CMV proteins
or peptides to expand CMV-specific cytotoxic T lymphocytes.
This review describes the clinical manifestations of CMV
disease in immunocompromised patients, recent advances of
antiviral therapy for CMV disease, the principals of the
induction of cellular immune response to CMYV, and the
clinical application of CMV immunotherapy.
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Cytomegalovirus (CMV) Infection

Cytomegalovirus (CMV) is a ubiquitous 8 -her-
pesvirus and is principally present in peripheral
monocytes from 50% to 90% of normal individ-
uals. Myeloid precursors in the bone marrow are
the principal target of CMV and CMV can be
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retained during differentiation to monocytes.
After CMV infection, the viral genome is ex-
pressed sequentially, giving rise to production of
immediate early (0-2 hour), early (< 24 hour) and
late (> 24 hour) viral proteins in host cells."
Mature CMVpp65 protein which is an early type
of protein is transferred into cells with the CMV
virion at the onset of infection. CMV pp65 is
present even before the initiation of viral gene
expression.”” For this reason, CMVpp65 matrix
protein plays an important role in the early
diagnosis of CMV infection and may serve as the
main target of the CD8+ cytotoxic T lymphocyte
(CTL) response against CMV, even without viral
gene expression.

CMV Disease in Immune Competent Hosts

Primary CMV infection in healthy hosts is
usually asymptomatic, but it can present with
clinical manifestations that are very similar to
infectious mononucleosis due to primary Epstein
Barr virus (EBV) infection. These manifestations
include fever, myalgia, cervical lymphadenopathy
and hepatitis.”

In some cases the primary CMV infection may
be congenital. Although about 5-20% of congenital
CMV infections are symptomatic at birth, con-
genital CMV infections is associated with high
mortality and serious sequelea such as mental,
visual and hearing impairment.”
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CMYV Disease in Immunocompromised Patient

CMV disease in immunocompromised patients
can be very serious. In transplant recipients the
risk of HCMV disease is 3-5 times greater in a
seronegative than a seropositive recipient due to
the transmission of CMV with grafts from a
seropositive donor. In renal transplant recipients
HCMYV infections have been reported to be
associated with graft rejection and renal artery
stenosis,”” in heart transplant patients with accel-
erated coronary artery stenosis,’ and in liver
transplant patients with ‘vanishing bile duct’
syndrome.11 However, none of these associations
have been definitively established as being caused
by CMV, and each is somewhat controversial.

In BMT recipients, 30-50% of CMV infections
cause serious clinical manifestations including
pneumonitis. Interstitial pneumonitis occurs in
10-15% of allogeneic BMT recipients and prior to
the advent of antiviral therapy had a mortality
rate of 80%. The relationship between HCMV
disease and GVHD is controversial. Some people
hypothesize that IICMV infections lead to more
severe GVHD, but others believe that GVHD
leads to CMV disease.” "Pre-emptive’ Ganciclovir
(GCV) treatment in CMV-PCR positive patients
reduces the incidence of CMV disease in the first
100 days after BMT. However, late CMV disease
(after the first 100 days) still remains a serious
problem in BMT recipients and implies that GCV
delays the reconstitution of immunity to HCMV."

HCMV disease is one of the most frequent
opportunistic infections in patients with advanced
HIV infection, of whom 40% develop life threat-
ening HICMYV disease. The most common manifes-
tation of HHCMV infection in patients infected with
HIV is retinitis which prior to the development of
effective antiviral therapy was seen in up to 25%
of patients with AIDS."* A syndrome recognized
subsequent to the use of HAART is ‘immune
recovery vitritis’. This syndrome is characterized
by posterior segment inflammation and occurs as
the CD4 count reconstitutes due to antiretroviral
therapy in patients with previously treated but
inactive CMV retinitis. Although this has been
attributed to infiltrating T cells reacting to HCMV
antigens in the eye, this mechanism has not yet
been proven. This inflammatory condition

responds to steroids alone.”

A recent study reported that HCMV was asso-
ciated with the smooth muscle cell proliferation
responsible for coronary artery restenosis fol-
lowing angioplasty, but other subsequent reports
have failed to confirm this association'*"’ and
other microbial agents (particularly Chlamydia
pneumoniae) have now been reported to be asso-
ciated with atherosclerotic lesions in humans.""

Antiviral Therapy for CMV Disease
Antiviral agents

Several drugs are now available for the treat-
ment of HCMV disease. Aciclovir (ACV) has little
in vitro activity against HCMV, which unlike
Herpes Simplex virus does not possess a thymi-
dine kinase (TK). Another nucleoside analogue,
GCV, is monophosphorylated in infected cells by
the UL 97 gene product of HCMV and is active
against HCMV. The most serious side effect of
GCV is myelotoxicity including leucopenia and
thrombocytopenia. Males also experience azoo-
spermia.”’ Valganciclovir, the valyl ester prodrug
of GCV, has much greater oral bioavailability. It
seems likely that valganciclovir will become an
oral substitute for GCV in many setting.”

Another alternative drug to GCV is Foscarnet
(trisodium phosphonoformate) which is a compe-
titive inhibitor of the viral DNA polymerase, and
shows no cross resistance with GCV. This agent
also must be given intravenously. Adverse effects
associated with foscarnet include renal impair-
ment and hypocalcemia.”

Antiviral prophylaxis

Ganciclovir has been used to prevent primary
CMV infection and reactivation in solid organ
transplant and BMT recipients, particularly those
at high risk of CMV disease and in AIDS patients
with less than 100 CD4 cells/ul. Because of the
marrow toxicity associated with GCV, it is
typically administered at the time of greatest risk
for CMV viremia, but prior to the actual
development of viremia. Another approach is to
give GCV at the onset of CMV viremia, but
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prior to symptomatic CMV disease (preemptive
therapy). Real time RT-PCR and PCR for the early
detection of CMV viremia is essential for the
application of preemptive strategies of antiviral
therapy.” If marrow suppression is a problem,
foscarnet (FCN) can be used in place of GCV at
a dose of 60mg/kg, three times a day infused over
2 hours.

Immune Response to CMV Infection

After primary infection CMV persists for the life
time of the host. A high frequency of CMV
specific CD8+ cytotoxic T lymphocytes (CTL) in
peripheral blood seems to protect the host from
wide dissemination of CMV after reactivation of
latent virsu. Activation of naive CTL involves
stimulation through the T cell receptor (TCR),
which recognizes viral peptide antigen bound to
class I MHC molecules, and requires co-stimula-
tion through CD28, which binds members of the
B7 family (CD80, CD86) on the antigen-presenting
cell (APC). Activated CMV- specific CTLs un-
dergo clonal proliferation and become effector
CTLs that kill CMV-infected cells. After the
clearance of an acute virus infection, most virus-
specific CTL die by apoptosis, but some activated
CTLs survive as a population of memory cells that
lack direct cytotoxic activity. However, these
memory cells can become cytotoxic and proliferate
upon restimulation with CMV antigen. Following
primary CMV infection, many virus-specific
memory cells appear to be long-lived non-di-
viding cells that may survive in a partially acti-
vated state. The degree of activation is sufficient
to maintain surface expression of some, but not all
activation markers. Other memory cells may
periodically undergo cell division and maintain
long-lived clones.

Induction of Cellular Immune Response to CMV

CMV-specific CTLs have been raised from
asymptomatic CMV seropositive donors by stimu-
lating their peripheral blood lymphocytes (PBL) in
vitro using autologous fibroblasts infected with
CMV,*® EBV-transformed B cell lines infected
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with recombinant virus,29 or HLA-restricted CMV
peptides.” Initial investigations focused on the
immediate early protein (IE1 or pp72) as an im-
portant target for cellular immune responses,
since the analogous protein is importance in the
murine CMV model.”” However, limiting dilu-
tion analysis (LDA) of peripheral blood mononu-
clear cells (PBMC) from asymptomatic volunteers
indicated that the CTLs present in the highest
frequencies reacted with CMVpp65, and to a
lesser degree with CMVpp150, and CMV-IE. Very
weak reactivity was also detected against CMVgB.
2023 However, recent data have suggested CMV-
IE-specific CTLs are present at higher frequency
than previously thought in CMV- seropositive
donors.

Recent studies have found that peptides 8 to 10
amino acids in length derived from the CMV pro-
teins pp65 and ppl50 can be presented by antigen
presenting cells and recognized by CMV specific
CD8+ T-cells.*” The peptides directly induce
rapid production of INF-y protein and expansion
of CTL from donor's PBMC. Several epitopes
restricted to major HLA types have been reported,
including, CMV pp6bisss (NLVPMVATYV) for
HLA-A+0201 and pp65s1350 (QYDPVALFF) for
both HLA-A*2402 and HLA-A 0101.%*%

Clinical Application of CMV Immunotherapy

The protective function of CMV-specific CTLs
could potentially be established by adoptive trans-
fer of these cells early after transplant. In models
involving healthy mice primary CMV infections
are readily controlled by the immune response. In
contrast, in immunodeficient mice primary CMV
infection causes a progressive infection involving
the lungs and bone marrow. However, in immu-
nodeficient mice the adoptive transfer of syn-
geneic polyclonal CD4+ and CD8+ MCMV-
specific T cells or CD8+ MCMV-specific cytotoxic
T cells alone was sufficient to protect irradiated
mice from fatal MCMV infection.”*?

Phase 1 / 1I clinical trials have revealed that the
adoptive transfer of donor derived CD8+ CMV-
specific CTL clones is a safe and effective way to
reconstitute cellular immunity against CMV after
allogeneic marrow transplantation.”** Walter et
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al. showed that cytotoxic activity against CMV
was significantly increased (p<0.001) after the
infusion of CMV-specific CTL clones in 11
patients who were deficient in such activity before
therapy.* The level of CMV-specific cytotoxicity
achieved after the infusions was similar to that
measured in the donors. Analysis of rearranged
T-cell-receptor genes in T cells obtained from two
recipients indicated that the transferred clones
persisted for at least 12 weeks. Moreover, the
study found that CD4 helper-T cell function was
needed for the persistence of transferred CD8+ T
cells.** Hermann Einsele et al. transfused CMV-
specific T cells into 8 hematopoietic progenitor cell
transplant recipients with CMV infections resis-
tant to anti-viral agents. Following the infusion
the CMV load dropped significantly in all 7 evalu-
able patients, The maximal reduction of CMV load
occurred a median of 20 days (range, 5-31 days)
after the CTL infusions despite the cessation of
antiviral chemotherapy.®

Summary

Recently, some investigators have reported that
the transfer of CMV-specific CD8+ T cells is a safe
and effective way to reconstitute cellular immu-
nity against CMV after allogeneic hematopoietic
progenitor cell transplantation. At present, the
development of adoptive immunotherapy for the
treatment of CMV infection and disease in im-
munocopromised patient remains restricted to
research settings, but the clinical application of
CMV adoptive immunotherapy including CMV
peptide and protein vaccination will likely be
used more broadly in the near future.

REFERENCES

1. Stinski MF. Sequence of protein synthesis in cells
infected by human cytomegalovirus: early and late
virus-induced polypeptides. J Virol 1978;26:686-701.

2. Riddell SR, Rabin M, Geballe AP, Britt W], Greenberg
PD. Class I MHC-restricted cytotoxic T-lymphocyte
recognition of cells infected with human cytomegalo-
virus does not require endogenous viral gene expres-
sion. J Immunol 1991,146:2795-804.

3. Grefte JM, van der Gun BT, Schmolke S, van der
Giessen M, van Son W], Plachter B, et al. The lower

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

matrix protein pp65 is the principal viral antigen
present in peripheral blood leukocytes during an active
cytomegalovirus infection. ] Gen Virol 1992;73:2923-32.

. Gilbert M]J, Riddell S, Plachter B, Greenberg PD.

Cytomegalovirus selectively blocks antigen processing
and presentation of its immediate-early gene product.
Nature 1996;383:720-2.

. Mocarski ES, Courcelle CT. Cytomegaloviruses and

their replication. In: Knipe DM, Howley PM, editors.
Fields Virology. Philadelphia: Lippincott Williams and
Wilkins; 2001. p.2629-74.

. Pass RF. Cytomegalovirus. In: Knipe DM, Howley PM,

editors. Fields virology. Philadelphia: Lippincott Wil-
liams and Wilkins; 2001. p.2675-706.

. Ramsay ME, Miller E, Peckham CS. Outcome of con-

firmed symptomatic congenital cytomegalovirus infec-
tion. Arch Dis Child 1991:66:1068-9.

. Brennan DC. Cytomegalovirus in renal transplantation.

J Am Soc Nephrol 2001;12:848-55.

. Pouria S, State O, Wong W, Hendry BM. CMV infec-

tion is associated with transplant renal artery stenosis.
QJM 1998;91:185-9.

Hosenpud JD. Coronary artery disease after heart
transplantation and its relation to cytomegalovirus. Am
Heart ] 1999;138:5469-72.

AP van den Berg. Cytomegalovirus infection does not
increase the risk of vanishing bile duct syndrome after
liver transplantation. Transplant Int 1996;9:5171-3.
Broers AE, van Der Holt R, van Esser JW, Gratama JW,
Henzen-Logmans S, Kuenen-Boumeester V, et al. In-
creased transplant-related morbidity and mortality in
CMV-seropositive patients despite highly effective pre-
vention of CMV disease after allogeneic T-cell-depleted
stem cell transplantation. Blood 2000;95:2240-5.
Ljungman P. Immune reconstitution and viral infec-
tions after stem cell transplantation. Bone Marrow
Transplant 1998;21:572-4.

Jacobson MA. Treatment of cytomegalovirus retinitis in
patients with the acquired immunodeficiency syn-
drome. N Engl ] Med 1997;337:105-14.

Karavellas MP. Incidence of immune recovery vitritis in
cytomegalovirus retinitis patients following institution
of successful highly active antiretroviral therapy. ]
Infect Dis 1999;179:697-700.

Zhou YF. Association between prior cytomegalovirus
infection and the risk of restenosis after coronary
atherectomy. N Engl ] Med 1996;335:624-30.

Carlsson J. Prior cytomegalovirus, Chlamydia pneu-
moniae or Helicobacter pylori infection and the risk of
restenosis after percutaneous transluminal coronary
angioplasty. Int J Cardiol 2000;73:165-71.

Ross R. Atherosclerosis--an inflammatory disease. N
Engl J Med 1999;340:115-26.

Danesh ]. Coronary heart disease, Helicobacter pylori,
dental disease, Chlamydia pneumoniae, and cytomega-
lovirus: meta-analyses of prospective studies. Am
Heart ] 1999;138:5434-7.

Crumpacker CS. Review article: Drug Therapy: Ganci-
clovir. N Engl J Med 1996;335:721-9.

Yonsei Med J Vol. 45, Suppl., 2004



22

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Jong-Baeck Lim, et al

Curran M, Noble S. Valganciclovir. Drugs 2001;61:
1145-50; discussion 1151-2.

Sissons JP, Carmichael AJ. Clinical Aspect and Manage-
ment of Cytomegalovirus Infection. ] Infect 2002;44:
78-83.

Zaia JA. Cytomegalovirus Infection. In: Thomas ED,
Blume KG, forman SJ, editors. Hematopoietic Cell
Transplantation. Malden, MA: Blackwell Science; 1999.
p-560-83.

Greenberg PD, Reusser P, Goodrich JM, Riddell SR.
Development of a treatment regimen for human cyto-
megalovirus (CMV) infection in bone marrow trans-
plantation recipients by adoptive transfer of donor-
derived CMV-specific T cell clones expanded in vitro.
Ann NY Acad Sci 1991;636:184-95.
McLaughlin-Taylor E, Pande H, Forman SJ, Tanamachi
B, Li CR, Zaia JA, et al. Identification of the major late
human cytomegalovirus matrix protein pp65 as a target
antigen for CD8+ virus-specific cytotoxic T lympho-
cytes. ] Med Virol 1994;43:103-10.

Boppana SB, Britt W]. Recognition of human cytome-
galovirus gene products by HCMV- specific cytotoxic
T cells. Virology 1996,222:293-6.

Diamond DJ, York J, Sun J, Wright CL, Forman SJ.
Development of a candidate HLA A*0201 restricted
peptide-based vaccine against human cytomegalovirus
infection. Blood 1997;90:1751-67.

Wills MR, Carmichael AJ, Mynard K, Jin X, Weekes
MP, Plachter B, et al. The human CTL response to
cytomegalovirus is dominated by structural protein
ppo65: frequency, specificity, and T cell receptor usage
of pp65-specific CTL. J Virol 1996;70:7569-79.

Sun Q, Pollock KE, Burton RL, Dai LJ, Britt W, Eman-
uel DJ, et al. Simultaneous ex vivo expansion of
cytomegalovirus and Epstein-Barr virus-specific cytoto-
xic T lymphocytes using B-lymphoblastoid cell lines ex-
pressing cytomegalovirus pp65. Blood 1999;94:3242-50.
Solache A, Morgan CL, Dodi Al Morte C, Scott I,
Baboonian C, et al. Identification of three HLA-A*0201-
restricted cytotoxic T cell epitopes in the cytomega-
lovirus protein pp6b that are conserved between eight
straing of the virus [In Process Citation]. ] Immunol
1999;163:5512-8.

Alp NJ, Allport TD, Van Zanten ], Rodgers B, Sissons
JG, Borysiewicz LK. Fine specificity of cellular immune
responses in humans to human cytomegalovirus
immediate-early 1 protein. J Virol 1991;65:4812-20.
Borysiewicz LK, Hickling JK, Graham S, Sinclair J,
Cranage MP, Smith GL, et al. Human cytome-
galovirus-specific cytotoxic T cells. Relative frequency
of stage-specific CTL recognizing the 72-kD immediate
early protein and glycoprotein B expressed by recom-
binant vaccinia viruses. ] Exp Med 1988;168:919-31.
Gilbert MJ, Riddell SR, Li CR, Greenberg PD. Selective
interference with class I major histocompatibility com-
plex presentation of the major immediate-early protein
following infection with human cytomegalovirus. J
Virol 1993,67:3461-9.

McLaughlin-Taylor E, Pande H, Forman SJ, Tanamachi

Yonsei Med J Vol. 45, Suppl., 2004

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

B, Li CR, Zaia JA, et al. Identification fo the major late
human cytomegalovirus matrix protein pp65 as target
antigen for CD8+ virus-specific cytotoxic T lympho-
cytes. ] Med Virol 1994;43:103-10.

Wills MR, Carmichael AJ, Mynard K, Jin X, Weekes
MP, Plachter B, et al. The human cytotoxic T-lympho-
cyte (CTL) response to cytomegalovirus is dominated
by structural protein pp65: frequency, specificity, and
T-cell receptor usage of pp65-specific CTL. J Virol 1996;
70:7569-79.

Provenzano M, Lim ]JB, Mocellin S, Monsurro V, Betti-
notti M, Marincola FM, et al. The matrix protein pp65
(341-350): a peptide that induces ex vivo stimulation
and in vitro expansion of CMV-specific CD8+ T cells in
subjects bearing either HLA-A*2402 or A*0101 allele.
Transfusion 2003 Nov;43:1567-74.

Kuzushima K, Hayashi N, Kimura H, Tsurumi T. Effi-
cient identification of HLA-A*2402-restricted cytomeg-
alovirus-specific CD8+ T-cell epitopes by a computor
algorithm and an enzyme-linked immunospot assay.
Blood 2001:98;1872-81.

Wills MR, Carmichael AJ, Weekes MP, Mynard K,
Okecha G, Sissons JGP. Human virus-specific CD8+
CTL clones revert from CD45R0high to CD45RAhigh in
vivo: CD45RA high CD8+ T cells comprise both naive
cells and memory cells. J Immunol 1999;162:7080-7.
Reddehase MJ, Weiland F, Munch K, Jonjic S, Luske A,
Koszinowski UH. Interstitial murine cytomegalovirus
pneumonia after irradiation: characterization of cells
that limit viral replication during established infection
of the lungs. J Virol 1985;55:264-73.

Reddehase MJ], Mutter W, Munch K, Buhring H]J,
Koszinowski UH. CD8-positive T lymphocytes specific
for murine cytomegalovirus immediate-early antigens
mediate protective immunity. ] Virol 1987;61:3102-8.
Steffens HP, Kurz S, Holtappels R, Reddehase M]J.
Preemptive CD8 T-cell immunotherapy of acute cyto-
megalovirus infection prevents lethal disease, limits the
burden of laten viral genomes, and reduces the risk of
virus recurrence. ] Virol 1998; 72:1797-804.

Podlech J, Holtappels R, Wirtz N, Steffens HP,
Reddehase M]J. Reconstitution of CD8 T cells is essen-
tial for the prevention of multiple-organ cytomegalo-
virus histopathology after bone marrow transplanta-
tion. J Gen Virol 1998;79:2099-104.

Riddell SR, Watanabe KS, Goodrich JM, Li CR, Agha
ME, Greenberg PD. Restoration of viral immunity in
immunodeficient humans by the adoptive transfer of
T-cell clones. Science 1992;257:238-41.

Walter EA, Greenberg PD, Gilbert MJ, Finch R]. Recon-
stitution of cellular immunity against cytomegalovirus
in recipients of allogeneic bone marrow by transfer of
T-cell clones from the donor. N Engl ] Med 1995;334:
601.

Einsele H, Roosnek E, Rufer N, Sinzger C, Riegler S,
Loffler J, et al. Infusion of cytomegalovirus (CMV)-
specific T cells for the treatment of CMV infection not
responding to antiviral chemotherapy. Blood 2002;99:
3916-22.



