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Abstract
Cytomegalovirus (CMV) is well known for producing severe life-threatening infection in immunocompromised hosts 

(HIV, organ transplant). CMV latently infects immune competent individuals as well and has been linked to Alzheimer’s 
disease. Nearly all elderly carry the CMV virus and the immune consequence of CMV can be overwhelming. This article 
reviews Alzheimer’s and its pathology, CMV and immune risk and how the immune dysfunction can lead to Alzheimer’s. 
Early risk detection with new biomarker imaging technology for Alzheimer’s along with antiviral drugs and immune sup-
port with telomerase activation may all mitigate the expected epidemic of Alzheimer’s disease.
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Introduction
Alzheimer’s disease (AD) is the most common cause of dementia 

with a worldwide prevalence of about 25 million in 2010, and is ex-
pected to double by 2030 because of increased life expectancy [1]. The 
earliest recognizable pathological event in AD is cerebral amyloid-β ag-
gregation [2]. This pathology may be present up to 20 years before the 
onset of dementia [3,4].

The driving force for the AD is disruption of the net balance be-
tween production and clearance of aggregated amyloid. The ubiquitin 
proteasome system (UPS) and autophagy are complementary mecha-
nisms that accomplish important cellular housekeeping functions: 
removal of protein aggregates, turnover of organelles as well as the 
elimination of intracellular pathogens [5,6]. Ubiquitin-tagged macro-
molecules - “cargo” - are delivered to the lysosome by various methods: 
endocytosis for extracellular elements [7] autophagy for intracellular 
cargo [8] and phagocytosis and xenophagy for pathogens [9]. 

Viruses, and CMV specifically, can subvert the UPS to aid their sur-
vival [10,11].

When not removed from the cell, amyloid is prone to form aggre-
gates [12,13] and this aggregated amyloid becomes a potent neurotoxin 
and plays a critical role in the pathogenesis of AD [14,15].

Immunosenescence

Aging is characterized by a progressive decline of physiologic func-
tion and this is markedly manifest in the immune system. Aging results 
in inadequate initiation and resolution of immune responses – immu-
nosenescence – and a chronic low-grade inflammation –inflammaging 
[16]. This chronic, yet subclinical status has been linked to metabolic 
syndrome, atherosclerosis, cancer and neurodegenerative disease, in-
cluded AD [17].

Senescent and hyperactive microglia have been detected in the 
aged and diseased brain [18]. Microglia are the innate immune cells 
of the central nervous system and are involved in several physiological 
and pathological brain functions [19,20].

Cytomegalovirus (CMV)

Chronic and repeated infections promote immunosenescence and 
inflammaging [21]. Cytomegalovirus (CMV) promotes age-like im-
mune changes [22,23] and CMV reactivation has been associated with 
increased levels of IL-6 and TNF and premature mortality [24,25].

CMV is part of the herpes family of viruses. CMV is most known 
as an opportunist causing life-threatening infection in HIV infected 
persons or immunosuppressed organ transplant recipients. In immune 
competent individuals, infection with CMV is usually asymptomatic, 
even in neonates, but once established, its containment becomes a pri-
ority for the immune system, which is unable completely to eliminate it. 
However, even healthy immune competent people may display symp-
toms of CMV infection more often than previously appreciated [26], 
sometimes even with serious consequences and with age implicated as 
a risk factor [27]. The consequences to the immune system for main-
taining this constant CMV vigilance may be severe. Reports on the very 
young and the very old show that CMV infection results in similar al-
terations to CD8+ T cell subset surface phenotypes [28,29]. This has 
given rise to the concept that what are apparent age-associated changes 
could rather be due to age-associated increases in prevalence of CMV 
infection. This suggests an overwhelming impact of CMV on the aging 
T cell immune system [29].

The persistent presence of CMV diverts an extraordinary amount 
of the T-cell resource to keep this virus in check and in doing so re-
sults in a high immune risk profile (IRP) inverting the normal CD4/
CD8 ratio. The clonally expanded CD8 cell population carrying recep-
tors for the CMV antigen are dysfunctional cells. This is consistent with 
the suggestion that these cells contribute to the pro-inflammatory state 
seen in the elderly thought to contribute to frailty and mortality [30,31]. 
In the elderly positive for CMV there is paucity of naïve T-cells and 
an accumulation of terminal T-cells with no proliferative capacity and 
with short telomeres [32]. 

CMV has been implicated as a causal agent in AD [33,34]

Telomeres and telomerase

Telomeres are highly conserved repetitive DNA sequences that un-
dergo shortening with each cell division (reflecting cellular replicative 
history) [35,36]. Telomere shortening with concurrent cell senescence, 
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but can quantify it: assigning a number, the retinal amyloid index. The 
retinal amyloid deposition mimics and correlates with amyloid of the 
brain [62]. This exciting technology may detect the risk for AD years or 
even decades before dementia giving an opportunity to make lifestyle 
changes and study drugs at an early juncture where they may have more 
impact. Additionally, determination of the immune risk profile (IRP) 
particularly as it relates to CMV will allow opportunities to support the 
immune system and “treat” prodromal AD. 

References

1. http://www.who.int/mental_health/publications/dementia_report_2012?en 

2. Bateman RJ, Xiong C, Benzinger TL, Fagan AM, Goate A, et al. (2012) Clinical 
and biomarker changes in dominantly inherited Alzheimer’s disease. N Engl J 
Med 367: 795-804. 

3. Jack CR Jr, Holtzman DM ( 2013) Biomarker modeling of Alzheimer’s disease. 
Neuron 80: 1347-1358.

4. Sutphen CL, Jasielec MS, Shah AR, Macy EM, Xiong C, et al. (2015) Longitu-
dinal Cerebrospinal Fluid Biomarker Changes in Preclinical Alzheimer Disease 
During Middle Age. JAMA Neurol 72: 1029-1042. 

5. Correia SC, Resende R, Moreira PI, Pereira CM (2015) Alzheimer’s disease-
related misfolded proteins and dysfunctional organelles on autophagy menu. 
DNA Cell Biol 34 : 261-273.

6. Magraoui FE, Reidick C, Meyer HE, Platta HW (2015) Autophagy-Related Deu-
biquitinating Enzymes Involved in Health and Disease. Cells 4: 596-621. 

7. Platta HW, Stenmark, H (2011) Endocytosis and signaling. Curr. Opin. Cell Biol 
23: 393-403. 

8. Ryter SW, Cloonan SM, Choi AM (2013) Autophagy: A critical regulator of cel-
lular metabolism and homeostasis. Mol. Cells 36: 7-16. 

9. Sorbara MT, Girardin SE (2015) Emerging themes in bacterial autophagy. Curr 
Opin Microbiol 23: 163-170. 

10. Luo H (2015) Interplay between the virus and the ubiquitin-proteasome system: 
molecular mechanism of viral pathogenesis. Curr Opin Virol 2015 17: 1-10. 

11. Roy S, Arav-Boger R (2014) New cell-signaling pathways for controlling cyto-
megalovirus replication. Am J Transplant 14: 1249-1258.

12. Haass C, Selkoe DJ (1993) Cellular processing of beta-amyloid precursor pro-
tein and the genesis of amyloid beta-peptide. Cell 75: 1039-1042.

13. Ahmed M, Davis J, Aucoin D, Sato T, Ahuja S, et al. (2010) Structural conver-
sion of neurotoxic amyloid-beta(1-42) oligomers to fibrils. Nat Struct Mol Biol 
17: 561-570.

14. Selkoe DJ (1994) Alzheimer’s disease: a central role for amyloid. J Neuropathol 
Exp Neurol 53: 438-447.

15. Hardy J, Selkoe DJ (2002) The amyloid hypothesis of Alzheimer’s disease: 
progress and problems on the road to therapeutics. Science 297: 353-360.

16. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, et al. (2007) Inflammaging 
and anti-inflammaging: a systemic perspective on aging and longevity emerged 
from studies in humans. Mech Ageing Dev 128: 92-105. 

17. Wong WT (2013) Microglial aging in the healthy CNS: phenotypes, drivers, and 
rejuvenation. Front Cell Neurosci 7: 22. 

18. Deleidi M, Jäggle M, Rubino G. (2015) Immune aging, dysmetabolism, and 
inflammation in neurological diseases. Front Neurosci 9: 172. 

19. Nimmerjahn A, Kirchhoff F, Helmchen F (2005) Resting microglial cells are highly 
dynamic surveillants of brain parenchyma in vivo. Science 308: 1314-1318.

20. Kettenmann H, Hanisch UK, Noda M, Verkhratsky A (2011) Physiology of mi-
croglia. Physiol Rev 91: 461-553. 

21. Koch S, Larbi A, Ozcelik D, Solana R, Gouttefangeas C, et al. (2007) Cyto-
megalovirus infection: a driving force in human T cell immunosenescence. Ann 
N Y Acad Sci 1114: 23-35. 

22. Derhovanessian E, Maier AB, Hähnel K, Beck R, de Craen AJ, et al. (2011) 
Infection with cytomegalovirus but not herpes simplex virus induces the accu-
mulation of late-differentiated CD4+ and CD8+ T-cells in humans. J Gen Virol 
92: 2746-2756. 

oxidative stress, and aging are important factors in the pathogenesis 
of AD [37] and can also negatively influence telomere length [38-40]. 
Telomere length in T-cells of AD patients is shown to correlate with 
disease status, suggesting systemic immune system alterations in AD 
pathogenesis [41].

Up regulation of the enzyme telomerase, to add telomeres, is pro-
posed as a potential strategy for aging and AD because overexpression 
of TERT can protect neurons from amyloid induced apoptosis [42-49].

Amyloid aggregates play an important role in the inhibition of 
telomerase activity; the amyloid oligomers bind to telomeric DNA/
RNA hybrids. More and more studies have demonstrated that soluble 
oligomers of amyloid are active species that ultimately cause neuronal 
damage as well as the synaptic loss and dementia associated with AD 
[50-52]. 

While cellular senescence is generally considered to result from 
critical telomere attrition [53], this loss can be restored by the enzyme 
telomerase [54,55]. Telomerase is a reverse transcriptase with an intrin-
sic RNA template that produces new telomeric DNA; telomere erosion 
reflects the sum of the telomere loss and telomere restoration by telom-
erase [55,56].

Discussion – Is There an Opportunity to Treat AD?
The seminal Swedish OCTO and NONA immune longitudinal 

studies identified and confirmed an immune risk profile predictive of 
high 2-year mortality in elderly individuals – 86 to 94 years old. This 
immune profile was associated with persistent cytomegalovirus infec-
tion and characterized by an inverted CD4/CD8 ratio caused by expan-
sion of terminally differentiated T-cells [57]. Interestingly, an extension 
of the NONA study looked at those study participants who reached 100 
years of age. The results confirmed high IRP was a major predictor of 
mortality in this population of the very old and suggests that survival 
to the age of 100 years is associated with the maintenance of a low IRP 
[58]. The testing strategies were further used to test a younger group - 
66 years old. Termed the Swedish HEXA study, the findings of inverted 
CD4/CD8 ratio and associated CMV seropositivity, similar to those of 
the very old, were found in 15% of that population suggesting that the 
high risk immune profile (IRP) seen commonly in the very old already 
exists in some who are 20 years younger than very elderly [59]. 

Preventing or delaying infection would be an obvious first line 
strategy and prophylactic vaccination would be additive. However, for 
those already infected, reducing viral load with drugs is another option, 
and new approaches in AIDS and transplant patients are resulting in 
the development of improved antiviral agents with fewer side effects, 
such as ganciclovir, valganciclovir, foscarnet, or cidofovir. These drugs 
are now being used extensively, with a reasonable safety record, which 
could suggest use in the elderly [60].

By up-regulation of telomerase, an enzyme that adds telomeres, old 
cells can be “rescued” from senescence. A small molecule compound 
isolated from the Astragalus membranaceous plant is capable of up-
regulating telomerase activity [61]. This was identified in an empirical 
screen of traditional Chinese medicine plant extracts and compounds 
having reported properties of health maintenance and enhanced im-
mune function. 

A new imaging technology that will allow earlier detection of amy-
loid is currently under study. It involves simple imaging for amyloid in 
the retina of the eye. As the retina is an extension of the brain and amy-
loid deposits are seen in pathologic sections of the retina, new imag-
ing technology has been developed that can not only show the amyloid 
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