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Outline

 The transplant troll
* The “indirect” effects of CMV disease

— Immunosuppressive effects

— Proinflammatory effects

 The impact of antiviral prophylaxis




Cytomegalovirus

in organ transplantation

The transplant Troll in the 70’s...

e CMV disease was associated with a significantly increased
incidence of transplant nephrectomy and death

e 12/60 patients (20%) developed lethal CMV disease

e The only patients to die with serious bacterial, fungal or
protozoan infection during the period of this study had
concomitant overt CMV disease

Peterson DK et al. Medicine 1980; 59: 283 €, BV
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CMV is associated with Bronchiolitis
Obliterans Syndrome

Risk factors for OB m

Airway ischemia 0.004
Late bacterial pneumonia NS
CMV disease 0.0006
Pneumocystis NS
Acute rejection 3 times 0.00001
Acute rejection grade IlI/IV 0.0001

Bando K et al. J Thorac Cardiovasc Surg. 1995; 110: 4 ﬂV



Cytomegalovirus Infection Is Associated
With Cardiac Allograft Rejection
and Atherosclerosis
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CYTOMEGALOVIRUS INFECTION—AN ETIOLOGICAL FACTOR

% of patients with acute rejection

70

FOR REJECTION?

A PROSPECTIVE STUDY IN 242 RENAL TRANSPLANT PATIENTS

CMV infection is associated

with acute rejection
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Pouteil-Noble C et al. Transplantation 1993; 55: 851 ﬂV



CMV is a risk factor for invasive fungal
infection in liver transplant recipients

asive Fungal Disease
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George MJ et al. Am J Med 1997; 103: 106 &,V



Latent CMV infection

Organ transplantation

Surgery
Immunosuppressive drugs

Active CMV infection
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CMV genome structure

HCMV genome

. TRL1-14 . LUL1-132 IRL region Us1-34| | |TRSY

Genetic composition

— 2 unique regions of DNA — UL and US and flanking
terminal repeat regions (TR) and internal repeat
regions (IR)

— Encodes >150 proteins

— Gene expression occurs in a temporal cascade
(immediate-early, early, and late)




Many CMV-encoded immune evasion gene products!

Binds LIR1, Chemokine
ligand to HLA- receptor.
G (found on postulated Orphan 25% homology with human
lgG FC fetal to modulate host chemokine IL10. Reduces MHC class | /11 Chemokine receptor.
receptor trophoblasts). type 1711 receptors. May be expression. Sequesters CC chemokines
{function May have a interferon important in viral Regulates lymphocyte and fractaline.
unclear) role in utero effects dissemination proliferation May assist viral dissemination
! ! o I !
gpTRL11 gpUL1B gpUL27 gplUL33 gpULT8 gpUliiila gpUS28
] ITT1T1 [TIT11
.;IRUl' UL1-132 I IRL regin_rl usi-34 E
il il i | |
gpUL16 gpUL20 gpUL40 UL83 gpUL118 A
. _ o — gpUs2 gpuUsS3 gpUs6 gpUsiil
Binds to non-classic Inhibit T cell Encodes a Inhibits IgG Fo
MHC proteins (MICE, response peptide proteosomal receptor l l l l
ULBP1 andULBPZ), loaded into pProcessing (function
preventing NKG2D HLA-E, which of IE1 unclear)
receptor triggered MK binds to E‘HC classl le"_r“
cell activation inhibitory OWr-reguiation
MK receptor
CD24/MNKG2A l

*EBlocks TAP and tapasin-
dependent peptide loading

*Ubiguitin-dependent retrograde
dislocation of MHC from ER

*Prevent egress of MHC class |
from the ER to the Golgi

Gandhi M et al. Lancet Infect Dis 2004; 4: 725 BV




Viral immune evasion strategies

Uninfected cells CMV infected cells
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Schleiss M. J Clin Invest. 2010;120:4192 &, W



CMV-specific T cells from CMV viremic patients
showed a significant loss of IL-2 production

control _ dialysis

A 5.1 £7.0] "TLS v I

1l-2
Stimulates the growth, differentiation and survival of antigen-selected cytotoxic T cells
Necessary for the development of T cell immunologic memory

Sester U et al. Am J Transplant 2008; 8: 1486 ﬂV



Anti CMV prophylaxis is associated with
less opportunistic and other infections
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Hodson E et al. Lancet. 2005;365:2105 &,V
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CMYV infection up-regulates interleukin-8
gene expression in fibroblasts
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IL-8 mRNA
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11-8
Major mediators of the inflammatory response

Induction of chemotaxis in neutrophils
Plays a role in the pathogenesis of bronchiolitis

Craigen JL et al. Immunology. 1997;92:138 &, BV



Persistent CMV infection is associated with
increased expression of growth factors

Control CMV infection

TGF-B1

PDGF-AA

ICAM-1

Helantera | et al. NDT 2005; 20: 790 &, BV



CMV infection is associated with
endothelial inflammation in HTx recipients

CMV infection
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Possible role of MBL deficiency in CMV
diases and post transplant diabetes

Association Between Mannose-Binding Lectin Low Serum Mannose-Binding Lectin as a Risk Factor

Deficiency and Cytomegalovirus Infection After for New Onset Diabetes Mellitus After
Kidney Transplantation Renal Transplantation

Meritxell Ibernon,’ Francesc Moreso,” José M. Moreno,” Oriol Bestard,” Josep M. Cruzado,”

COriol Manuel,' Manuel Pascual,? Marten Trendelenburg,” and Pascal R, Meylan™® L . . i e
AR, AR th ! e & h i Josep M. Grinyé,”> Wifredo Ricart,” José M. Ferndandez-Real,” and Daniel Serén®*

v

Cytomegalovirus infection and new-onset
post-transplant diabetes mellitus

Leung Ki E-L, Venetz J-P, Meylan P, Lamoth F, Ruiz J, Pascual M.
Cytomegalovirus infection and new-onset post-transplant diabetes mellitus.
Clin Transplant 2008: 22: 245-249. © 2008 Blackwell Munksgaard
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1980s
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Viral culture /

2000s
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Acute rejection 50% 20-50%
rates
Immunosupresion AZA +/- Cyclo Cyclo/tacro +

AZA/MMF

CNI + MMF,
MTORs, etc

Chv



Antiviral prophylaxis reduces the rate
of acute rejection
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Lowance et al. N Engl J Med 1999; 340: 1462 € BV



Antiviral prophylaxis reduces graft loss
IN D+/R- patients (Collaborative Transplant Study)
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Opelz G et al. Am J Transplant 2004; 4: 928 €V



No differences in creatinine clearance in
patients with and without CMV disease

3 months of VGC

prophylaxis
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CMV prophylaxis reduces graft loss
compared to a preemptive approach
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Impact of Prophylactic Versus Preemptive
Valganciclovir on Long-Term Renal

Allograft Outcomes

Michael L. Spinner,’ Georges Saab,” Ed Casabar,? Lyndsey ]. Bowman,? Gregory A. Storch,’>

and Daniel C. Brennan™*

Freedom from Composite Endpoint
Acute Rejection, Graft Loss, or Death
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Spinner ML et al. Transplantation 2010; 90:412

Chv



B-herpesvirus detection in BAL is common
after lung transplantation

n=93

VGC CMV

B-Herpesvirus infection (%)

Time from transplant (months)

Manuel O et al. Transplantation. 2009; 87:719 ﬂV



CMV is not a risk factor for BOS and
acute rejection

Risk factors _ Acute rejection

Univariate analysis HR P-value HR P-value
CMV detection in BAL 1.04 0.89 0.81 0.30
HHV-6 detection in BAL 1.13 0.69 1.15 0.70
HHV-7 detection in BAL 1.31 0.15 0.90 0.57
Bacterial pneumonia 9.89 <0.001* 2.57 0.009*
Invasive fungal infection 10.39 0.002* 4.31 0.15
Acute rejection 10.08 <0.001*

Induction therapy 1.55 0.37 0.65 0.21
Multivariate analysis HR P-value

Invasive fungal infection 1.97 0.42

Acute rejection 8.72 <0.001*

Manuel O et al. Transplantation. 2009; 87:719ﬂV



Conclusions

 The indirect effects of CMV in transplant recipients are due to survival
mechanisms of the virus:
— Immunosuppressive effects: to avoid recognition by the immune system

— Proinflammatory effects: to replicate and disseminate

e The causal relationship between CMV infection and rejection is difficult to
determine due to multiple confounders:

— Differences in preventive strategies and diagnostic tools of CMV
— Differences in immunosuppression and rejection rates over time
— Concept of bidirectional relationship

* The stronger clinical evidence of the immunomodulatory effects of CMV is
the reduction of other infections and acute rejection with the introduction
of universal antiviral prophylaxis (3-6 months)




Universal preventive strategies

Improvement of immunosuppressive
regimens
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