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ABSTRACT 

The ageing process has been traditionally regarded as a universal, natural and inevitable process unworthy of 

medical attention. However, recent studies demonstrate that life and healthspan can be manipulated by 

pharmacological and genetical interventions, meaning that the degenerative process of aging can be delayed. 

Focusing research, medical and economical efforts in slowing down the aging process, instead of a “disease 

target” approach, might be a more effective and affordable strategy for delaying the onset of all age-related 

conditions and increase healthspan. Here, I first discuss the possible advantages of considering aging as a 

treatable condition, and then introduce the aging concept, current advances and possible interventions, 

focusing on the relationship between senescent cells, inflammation and aging. Finally, an immunotherapeutic 

intervention against senescent cells for mice is proposed, in which dysfunctional T cells are periodically 

removed from the blood by magnetic sorting in order to trigger homeostatic proliferation of the naïve 

compartment, with the intention of boosting the immune response and mimicking healthy aging of 

centenarian people. 

 

 
 
1. INTRODUCTION 

 

Shifting the focus of medicine: aging as a treatable condition 

Biological aging can be defined as a universal process characterized by a progressive deterioration of tissue 

structure and function (Balcombe & Sinclair, 2001), that increases the risk of developing several pathological 

conditions, commonly known as age related diseases (i.e. cancer, cardiovascular, autoimmune, 

neurodegenerative, etc.), leading finally to death (Bürkle et al., 2007; Stepanova, Rodriguez, Birerdinc, & 

Baranova, 2015). 

Despite its serious effects on morbidity and well-being, aging has been regarded as a natural, inevitable 

process unworthy of medical intervention (Gladyshev & Gladyshev, 2016). As a result, scientific, economic and 

medical efforts have been focused on combating each of its associated pathologies as individual diseases. 

Although improvements in public health and quality of life had led to an unprecedented increase in life 

expectancy during the past decades, this appears as a result of reducing mortality in people that already 

presents disability and chronic diseases, and so we are also experiencing higher rates of morbidity, meaning 

that the relative healthspan remains unchanged or is even shorter (Crimmins, 2015; Nikolich-Zugich et al., 

2016). 

This scenario is generating an increased concern about the future financial burden of disease and disability, as 

several modelling studies estimate a significant increase in medical and social costs (Vos et al, 2012). A 

prediction of the lifetime Medicare spends for 2030 can be visualized in Figure 1. A more affordable and 

effective strategy to deal with this increase in morbidity is therefore urgently needed. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this regards, a shift from a “disease target” to an anti-aging strategy might be a better approach for 

preventing the onset of disease and extending healthspan. Indeed, recent studies have managed to expand 

life expectancy and healthspan in a variety of animal models by using genetical and pharmacological 

interventions (Anisimov, 2013; Baati et al., 2012; Baker et al., 2011; Colman et al., 2014), meaning that the 

degenerating mechanisms of aging can be regarded as a medically-treatable condition. It is therefore a 

plausible strategy to develop medical treatments focused on prevention of the whole cluster of age-related 

diseases by slowing down the aging process.  

 

 

 

 

 

 

 

 

Figure 1. Net present value of lifetime Medicare spending per person aged 65 in 2010 and 2030. Figure is based 
on projections from the Future Elderly Model using data from the Health and Retirement Study, the National 
Health Interview Study, and the Medicare Current Beneficiary Survey. Spending projections assume cost growth 
consistent with the targets set in the Affordable Care Act, that is, below Gross Domestic Product growth until 2019 
and 1% above GDP growth from 2019 to 2030. Spending is discounted with a 3% rate from age 65 onward. 
Reprinted from “Preparing for an Aging World: Engaging Biogerontologists, Geriatricians, and the Society” by 
Nikolich-Zugich et al., 2016, J Gerontol A Biol Sci 2016;71(4):435-444 



Defining aging 

One of the main impediments for developing successful anti-aging therapies is that both the aetiology and the 

pathological process of senescence is still poorly understood. Aging is a very complex, multisystemic condition 

that commonly comes associated with other chronic and degenerative pathologies, therefore extremely 

difficult to study senescence as a separate process. Indeed, many different theories of aging have been 

suggested over the past decades, ranging from the genetic programming of senescence to the long-term  

accumulation of external damage (Medvedev, 1990). A model that integrates both extrinsic (environmental) 

and intrinsic (genetic) mechanisms would better explain the complexity of this multifactorial process. 

In this regards, a recent review by  López-Otín et al., (2013) proposes an interesting model of 9 hallmarks that 

represent the common denominators of senescence (see Figure 2). These are classified into three groups that 

explain their relative contributions to the aetiology, evolution and final development of the aging phenotype. 

These categories are summarized in the following subpoints. 

 

Primary hallmarks 

Comprised by genomic instability, telomere attrition, epigenetic alterations and loss of proteostasis, these 

hallmarks are regarded as the primary causes of cellular damage, being intrinsically negative and accumulative. 

One of the most studied factors has been the accumulation of DNA damage throughout life, as it is a universal 

process among living organisms (Moskalev et al., 2013), that can be triggered by several factors such as 

reactive oxygen species (ROS) or DNA replication errors. Although DNA repair mechanisms are naturally 

present in cells, this random, deleterious damage eventually accumulates with time.  

Telomere attrition is also highly associated with cellular and organismal aging (Blasco, 2007). The progressive 

loss of telomeres is commonly regarded as an “aging clock”, being the basis for genetic programming theories 

of aging. When shortening of telomeres reaches a threshold, a permanent cell cycle arrest is triggered in which 

the cell remains viable but with a dysfunctional phenotype known as cell senescence (Kuilman, Michaloglou, 

Mooi, & Peeper, 2010). It is worth mentioning that loss of telomerase in stem cells can be a major impediment 

for normal tissue regeneration (Blasco, 2007).  

In addition, epigenetic alterations such as changes in DNA methylation and chromatin remodelling may affect 

regulation of several intracellular pathways, being capable of changing cell metabolism and behaviour (Sinclair 

& Oberdoerffer, 2009).  

 

 

Antagonistic hallmarks  

These are compensatory mechanisms that activate in response to the accumulated damage generated by the 

primary factors. Although they are a positive homeostatic process in the short term that compensate the 

damage, chronic dysregulation of these pathways becomes harmful and promotes the development of an 

aging phenotype.  

As an example, cellular senescence is a potent tumour suppressor mechanism that hinders cell division in 

damaged cells (Campisi, 2005; Kuilman et al., 2010), gaining a senescence associated secretory phenotype 

(SASP) that stimulates migration of immune cells for their clearance. However, because senescent cells 



accumulate with time, this highly pro-inflammatory phenotype is chronically maintained, favouring the onset 

of several pathologies like cancer (Coppé et al., 2010; Velarde et al., 2013). 

Other homeostatic mechanisms include generation of reactive oxygen species (ROS), which lead to an 

excessive oxidative damage if they are not balanced (Dröge, 2002; Hekimi et al., 2011), and deregulation of 

other nutrient sensing pathways (e.g. insulin, mTOR or AMPK pathways). 

 

Integrative hallmarks  

They are the final expression of aging, a dysfunctional phenotype that arises when homeostatic mechanisms 

are not sufficient to compensate the damage. Importantly, the same phenotype can be triggered by many 

different types of damage (e.g. telomere dysfunction, stressors like ROS or radiation, and oncogene 

overexpression can all lead to cell cycle arrest and cellular senescence, with the expression of SASP as a 

common end-point).  

Another important phenotype is the loss of regenerative capacity in several tissues due to stem cell 

exhaustion. Widely known is the age-related decline of muscle and bone repair mechanisms that results in 

sarcopenia and osteoporosis in elderly (Conboy & Rando, 2012). Haematopoiesis is also compromised, which 

contributes to maintain an exhausted immune system and a permanent low grade inflammation, a common 

denominator of several age-related diseases (Shaw et al., 2010).  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Interrelation between the primary hallmarks, homeostatic mechanisms 
and the final aging phenotype. Reprinted from “The hallmarks of aging” by Lopez-
Otín et al., 2013, Cell 153 (6) 



Current advances 

One of the most studied and effective strategies that significantly increases health and lifespan is caloric 

restriction (CR). Its favourable effects have been observed in a wide variety of organisms including primates 

(Colman et al., 2014; Speakman & Mitchell, 2011). However, due to the obvious difficulties of translating a 

chronic CR therapy to society, there is a growing interest on developing therapeutic drugs that target the same 

nutrient sensing pathways, such as Metformin (used for diabetes, targets insulin metabolism (Anisimov, 2013; 

Berstein, 2012)), Rapamycin (targets mTOR signalling, (Blagosklonny, 2012)) and Resveratrol (interferes with 

sirtuin activity, (Gertz et al., 2012)). However, it is important to note that these therapies are targeting very 

sensitive homeostatic mechanisms and might be able to cause unpredictable side effects after long-term 

administration. 

Similarly, the screening for new senolotic drugs that specifically kill senescent cells may also suffer from an 

impossibility of clinical translation, as senescent cells also play important roles in wound healing and 

embryonic development (Muñoz-Espin et al., 2013; Demaria et al., 2014). 

Another widely studied approach is the use of antioxidants to prevent oxidative stress by ROS, yet this is a 

very controversial strategy that lacks of consistent evidence for its efficacy. Results from different studies are 

contradictory, probably because ROS are also involved in homeostatic mechanisms and so an external intake 

of antioxidants may unbalance this equilibrium in a healthy organism (Dröge, 2002; Finkel, 2000).  

Genetic sequencing and comparison of epigenetic patterns in centenarians against short-lived people is also a 

promising approach that will provide highly valuable information and allow for future genetic interventions 

(Heyn et al., 2012; Winnefeld & Lyko, 2012). However, we still know very little about the role of genetic 

damage in aging and much more research is needed in this area before developing reliable and feasible 

interventions. 

Other interesting approaches are the use of anti-inflammatory agents in a daily basis like aspirin (Strong, 

2008), maintenance of the integrity of barriers like the gut microbiota (Ottaviani et al., 2011), and preventing 

shortening of telomeres by telomerase reactivation (Jaskelioff et al., 2011). 

It can be noted that these are all pharmacological treatments that play with highly sensitive homeostatic 

mechanisms, and might have unpredictable effects if administered long-term in complex organisms like 

humans. Also, the fact that these preventive therapies are meant to be prescribed for healthy people 

complicates even more their clinical and social approval, as they break the “first, do no harm” ethical principle: 

"given an existing problem, it may be better not to do something, or even to do nothing, than to risk causing 

more harm than good" (Primum non nocere, n.d.)  

For this reason, a targeted, external and periodic approach could be more effective and accepted by society. 

The focus can be placed in a depuration-like strategy, in which the harmful end-points of senescence are 

purged periodically, without the need of targeting the delicate homeostatic pathways that might still be 

balanced in young, healthy people.  

To this end, we can look at one of the most promising strategies that has been recently suggested: the periodic 

removal of senescent cells, which will be detailed in full in the following sections.  

 

 

 



The role of senescent cells in inflammation and aging 

As commented above, senescent cells acquire a harmful phenotype named as SASP (Coppé et al., 2010; 

Velarde et al., 2013), characterized by the release of several proinflammatory cytokines and chemokines, 

proteases that degrade the extracellular matrix and growth factors that stimulate cell division in the 

surroundings. Altogether creates an environment highly favourable for chronic inflammation and pathological 

conditions like cancer. Indeed, there is increasing evidence that these cells accumulate with age in several 

human tissues with cancer (Castro-Vega et al., 2015; Krtolica et al., 2001), atherosclerosis (Erusalimsky & Kurz, 

2005; Minamino & Komuro, 2007) or autoimmune disease (Manestar-Blažić & Volf, 2009).  

Paradoxically, it has been suggested that the evolutionary purpose of senescence is to prevent tumour 

development by: first, arresting the damaged cell in a non-proliferative state; and second, alerting the immune 

system for their clearance (senescence surveillance). Several studies report that senescent cells are indeed 

recognized and eliminated by the immune system, with both the innate and the adaptive systems implicated 

(Xue et al., 2007; Kang et al, 2011; Sagiv et al., 2016). An important question then is, why these cells still 

accumulate with age regardless of the immuno-surveillance? 

A common answer to this question is that the immune system also declines with age, leading to a dysregulated 

and less efficient response to both external and self-antigens. Although both the innate and adaptive systems 

are affected, the adaptive one -and especially T lymphocytes- is more vulnerable to aging (Weyand, Yang, & 

Goronzy, 2014) for several reasons. First, T memory cells have a long lifespan and thus are susceptible to cell 

senescence like any other long-lived cell. These cells gain several dysfunctional properties like excessive 

production of cytokines that promote inflammation, dysregulation of signalling pathways and effector 

programs, and apoptosis resistance (they occupy “immunological space”, decreasing the pool of healthy 

immune cells) (Weyand et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Hierarchical T cell exhaustion during chronic infection.  
 
After first presentation of the antigen, naïve T cells differentiate into effector T cells and undergo clonal expansion.  
After complete clearance of antigen (top), a subset of these effector T cells further differentiates in functional, long-lived memory T cells.  
During chronic infections (bottom), the antigen or viral load increases and effector T cells remain activated and become exhausted, 
gradually loosing effector functions and gaining inhibitory receptors. Changes in immunoregulatory cytokines like IL-10 and TGF-β have an 
important role in this process. The severity of T cell exhaustion is correlated with increased expression of inhibitory receptors, loss of CD4+ 
cell help, high antigen load and prolonged infection. The activity of each property is represented on a scale from high (+++) to low (-). 
 
Reprinted from “T cell exhaustion” by Wherry, 2011, Nature immunology 12 (6), 492-499. 



Second, during antigen exposure, naïve T cells become activated, differentiate into effector T cells and 

undergo a massive clonal expansion that generates a great proliferative stress. This is resolved after an acute 

infection in that most of the effector T cells die, while a few persistent memory cells become quiescent. 

However, after chronic exposure to several antigens, these cells remain activated and become exhausted, 

leading to oligoclonal populations that constrain T cell diversity (Wherry & Kurachi, 2015). Interestingly, this 

exhaustion occurs in a hierarchical manner, in which T cells gradually lose their effector functions and gain 

inhibitory receptors in their surface (Wherry, 2011). A more detailed explanation of this phenomena can be 

visualized in Figure 3. 

Third, T cells can gain a non-responsive phenotype termed anergy with the purpose of preventing 

autoimmunity, which is triggered after low or inadequate co-stimulation and/or high inhibitory stimulation. 

Although this mechanism serves as a protection from developing autoimmune disease, in a chronic infection 

context these inactive cells prevent the resolution of the inflammation and impair the differentiation of 

functional effector T cells (Crespo, Sun, Welling, Tian, & Zou, 2013). 

As a result, the population of naïve T cells strongly decreases with age, while accumulation of dysfunctional, 

highly differentiated effector T cells, as well as senescent and anergic cells is observed (Castelo-Branco & 

Soveral, 2013). These changes also favour the presence of a chronic, low-grade inflammation that is largely 

found in aged people, and that represents the common factor across all age-related conditions (Franceschi & 

Campisi, 2014). 

Given this, it seems that the decline of the immune system with age strongly contributes to the accumulation 

of senescent cells in other tissues, creating a positive feedback loop in which the continuous expression of 

SASP exacerbates immune exhaustion, leading to a less efficient immune response and the concomitant failure 

of senescent cell clearance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. THE PROPOSAL 

 

Hypothesis 

As commented above, periodic removal of senescent cells has been applied successfully in recent studies, 

achieving significant results in healthspan and even reversing the harmful phenotype of progeroid mice (Baker 

et al., 2011, 2016). However, these studies required the use of transgenic progeroid mice, in which a tumour 

suppressor gene p16, involved in cell cycle arrest prior to cell senescence, was targeted in a way that cells 

expressing the gene undergo apoptosis after the administration of a specific drug.  

In order to target senescent cells in humans, another perspective must be taken. An interesting approach then 

could be taking advantage of the inherent capacity of the immune system to remove senescent cells. Because 

the immune system also decays with age, this strategy could be focused on delaying aging in immune cells. 

Here, I hypothesize that purging the immune system of dysfunctional, exhausted and aged cells will boost the 

immune response and maintain a low population of senescent cells in other tissues, with the intention to 

mimic healthy aging of centenarian people. 

To this end, an external, haemodialysis-like therapy that filters the blood and removes dysfunctional T cells 

with magnetic sorting is proposed.  

 

 

Objectives 

This study has two principal aims: 

1) Study the causal relation between the removal of dysfunctional T cells and the accumulation of 

senescent cells in mice. 

2) Study the influence of the therapy on the rate of aging in mice. 

 

 

Experimental procedure 

Materials 

The technology used for this therapy has been previously developed by Rebo et al, (2010), in which an 

automatic machine for mice that removes senescent T cells was constructed. This machine and its subunits 

are depicted in Figure 4. 

In order to target senescent, anergic and exhausted T cells, two biomarkers were chosen in this proposal: 

KLRG1, a NK cell marker widely used to target senescent T cells (Crespo et al., 2013), and LAG-3, a marker 

expressed by both anergic and exhausted T cells. This last one was chosen instead of a more commonly used 

marker, PD-1, as this is also normally expressed in healthy immune cells to prevent autoimmunity, while LAG-

3 is acquired in a later state of exhaustion (Wherry, 2011). 



Biotynilated antibodies for KLRG1 and LAG-3 can be linked to paramagnetic nanoparticles coated with 

streptavidin, resulting in magnetic antibodies that will be used in our haemodialysis-like device. In this case, 

superparamagnetic iron oxide nanoparticles (SPIONs) were chosen because they are regarded as 

biocompatible and are widely used in biomedical research for drug delivery and imaging purposes (Mahmoudi, 

Sant, Wang, Laurent & Sen, 2011). Moreover, only a minimal amount of magnetic particles would enter in the 

body after using this device, so we can expect a lack of toxicity (Rebo et al., 2010). 

A population of genetically heterogeneous mice will be used in the experiment, produced by a four way cross 

(CB6F1 females crossed with C3D2F1 males); thus, each animal is genetically unique. The use of an inbred 

stock such as C57BL/6 or F344 (which surprisingly entail the majority of the mouse orders for gerontological 

studies) was discarded for two main reasons: first, these strains are genetically identical, therefore impossible 

to extrapolate conclusions to other inbred stoks; and second, because homocygosity is forced in these animals, 

they generally have an impaired viability and fertility, and a higher incidence of disease (Miller & Nadon, 2000).  

Mice will be purchased at the adult age (12 months), as they are already fully mature with a competent 

immune system, but young enough to see their evolution with age in a longitudinal study. 

 

Operation of the machine 

Each mouse will go through 10 cycles in the machine in order to filter the whole blood, which takes over one 

hour. The cycles are performed in the following steps: 

- A magnet is sited in the sequestration chamber (SC), immobilizing the magnetic antibodies. This takes 1 

minute to allow immobilization. 

- 280 µL of blood are withdrawn from the mouse, filling the SC. 

- The magnet is then removed to allow mixing of the blood with the magnetic antibodies in the next step. 

- Inversion stirring: The blood mixes with the antibodies for 30 seconds, plus an increased 30 seconds in 

each subsequent cycle. 

- The magnet is replaced in the SC to induce pelleting. This takes again 1 minute. 

- The 280 µL of cleaned blood are reinfused into the mouse. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Schematic representation of the magnetic sorting device.  

This machine consists in three subunits (a syringe pump, inversion stirrer and magnetic positioner) and a consumable 

“harness” for each mouse, comprised by a blunt needle, a luer-lock and a sequestration chamber. The blunt needle 

is inserted into the jugular catheter of the mouse, and connected to the syringe pump through a large tube. Between 

these two ends, the tube is enlarged in a sequestration/mixing chamber that contains the magnetic antibodies, 

where the inversion stirring occurs. 
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Study design 

A group of 40 mice (statistically significant using power analysis) will be used for each experimental condition 

(a longitudinal study with both treatment and control conditions).  

A complete filtering will be performed for each mouse every 6 months, starting with adult mice of 12 months. 

The correlating values with human age can be seen in Table 1 (Sengupta, 2013). The control group will go 

through the same blood filtering process except that no antibodies are placed in the SC. Also, the blood levels 

of senescent, anergic and exhausted T cells will be measured before and after each treatment to check its 

effectiveness. 

 

 

 

 

 

 

 

 

 

 

 

In order to fulfil the first objective of this study (i.e. test the causal relation between removal of dysfunctional 

T cells and the accumulation of senescent cells), a cohort is used for measuring the percentage of senescent 

cells in biopsied skin, muscle and haematopoietic system every 6 months before each treatment, by using the 

senescence-associated β-galactosidase assay (SA-β-gal), an easy and useful histochemical assay widely used 

for detecting senescent cells in culture and in vivo (Itahana, Campisi, & Dimri, 2007). 

Regarding the second objective of this work (i.e. study the influence of the treatment in the rate of aging), a 

set of parameters will be also measured every 6 months before each treatment, to determine the overall 

health status of the animals and model their rate of senescence. These parameters were chosen based upon 

their use in several previous studies of human aging (Belsky et al., 2015; Gruenewald et al., 2006; Jackson, 

Weale, & Weale, 2003), and represent biomarkers for the health status of cardiovascular, neuroendocrine, 

immune and metabolic systems. Special emphasis is placed in the study of Levine, (2013) in which 10 

biomarkers were selected (see Table 2) with a correlation with chronological age of r > .10.  

An estimation of the aging rate by measuring these markers in several time points was chosen instead of a 

solely measurement of the maximum lifespan, because it allows for a better understanding of the alterations 

during the aging process and facilitates the generation of predictions about the risk of disease and mortality.  

 

 

 

Table 1. Correlation between rat age and human age. Reprinted from “The 

laboratory rat: Relating its age with human's”, by Sengupta, 2013, International 

Journal of Preventive Medicine, 4(6): 624-630. 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis 

SPSS will be use to perform the statistical analysis of the results.  

To see if the accumulation of senescent cells differs between the control and the treated mice, as well as 

between timepoints, a Student´s t test is applied. Differences in life span will be studied using the Kaplan-

Meier test (P<0.05 minimum level of significance). 

The estimation of the aging rate of the animals will make use of the Klemera and Dubal´s mathematical 

algorithm, which is meant for calculating the biological age of an individual given a set of relevant parameters. 

The election of this method is based upon a recent study in which the effectiveness of various common 

algorithms was tested, finding that the Klemera and Dubal´s method performed better in predicting mortality 

(Levine, 2013). For further details on this method, refer to the original study (Klemera & Doubal, 2006). 

 

 

 

 

 

Table 2. Biomarkers proposed for the present study. Adapted from “Modelling the rate of senescence: 

Can estimated biological age predict mortality more accurately than chronological age?”, by Levine, 

2013, Journals of Gerontology - Series A Biological Sciences and Medical Sciences, 68(6), 667–674. 

 

Biomarker 



Expected results 

Rebo et al., (2010) obtained a significant reduce of the total senescent T cells in mice after treatment with the 

magnetic sorting machine (see Figure 5), claiming that these values are typical for young animals. Similar 

results are expected in this study regarding all dysfunctional T cells (senescent, anergic and exhausted) after 

each treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although replenishment of the T cell compartment after the treatment will not to be measured, as it is not 

the aim of this study, a successful replenishment is however expected backing on the following findings: 

 After a depletion of the immune system (e.g. irradiation, chemotherapy or viral infections), the 

remaining naïve T cells undergo an homeostatic-driven proliferation, a thymus and haematopoietic-

independent mechanism in which naïve T cells expand and acquire a functional memory T cell 

phenotype, yet different from effector T cells activated by antigens (Goldrath, Bogatzki, & Bevan, 

2000). This phenotype is transient and they become naïve T cells after the lymphocyte compartment 

is replenished. Interestingly, this is mechanism has been observed also in NK cells transferred into a 

lymphopenic environment, resulting in a replenished population of long-lived NK cells that respond 

successfully against a viral infection (Sun, Beilke, Bezman, & Lanier, 2011). 

 

 Despite thymus attrition with age and the finite lifespan of effector memory T cells, the repertory of 

this central memory is still maintained during the whole life. This is likely due to the presence of central 

memory T cells that retain a stem-like phenotype, capable to self-renew and to generate antigen-

experienced effector T cells (Crespo et al., 2013). Importantly, recent studies revealed that Th17 cells 

(long-lived effector T cells with stem-like properties) have a great capacity for repopulating the T cell 

compartment in sublethally irradiated mice, and show an increased anti-tumour activity compared to 

effector memory T cells (Kryczek et al., 2011; Wei, Zhao, Kryczek  & Zou, 2012). 

Figure 5. Percentage of senescent T cells before and after treatment. Senescent KLRG1+ T cells were reduced 

by a factor of 7.3 (p value = .0066; n=7). NK KLRG1+ cells were also reduced by a similar factor (data not 

shown). Reprinted from “Whole-animal senescent cytotoxic T cell removal using antibodies linked to 

magnetic nanoparticles” by Rebo et al., 2010, Rejuvenation Research, 13(2–3), 298–300. 

 



If the hypothesis of this study is valid, senescent cells in treated mice will accumulate at a lower rate compared 

with the untreated group. To my knowledge, this hypothesis has not been tested before and thus there is 

currently no data regarding the effects of immunotherapy against senescent cells. However, the link between 

a robust immune system and senescence surveillance has been extensively explained in the introduction (see 

“the role of senescent cells in inflammation and aging” section), and is the theoretical framework that supports 

this hypothesis. 

This therapy should also slow down the aging process, which can be evidenced by an increased maximum 

lifespan in treated mice compared with the untreated group, as well as an extended healthspan. The overall 

survival of the two groups would ideally mimic the graph represented in Figure 6, where treated mice life 

significantly longer mimicking the healthy aging process of centenarians.  

Data collected from the 10 biomarkers of biological age will be analysed using the Klemera and Dubal´s 

method. Values for each biomarker are expected to increase with age in both groups, however in a faster 

manner for untreated mice. This should predict the risk of disease and mortality in animals with high values in 

these biomarkers (i.e. they are biologically older by means of the Klemera and Dubal´s model). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Ideal representation of a Kaplan-Meier cumulative survival plot, comparing treated (dashed line) 

and untreated mice (solid line). Adapted from “Immune function parameters as markers of biological age 

and predictors of longevity” by Martínez de Toda et al., 2016, Aging, 8(11), 3110–3119. 
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Discussion 

As I already mentioned in a previous work, multi-morbidity in aged people is a highly complex condition that 

should be regarded as the ultimate expression of aging (de Diego, 2017), and this would benefit from an 

integrative, holistic approach that focuses on the degenerative process of aging instead of targeting its 

associated diseases as separate conditions.  

This is however a very difficult task, as aging is a multisystemic process caused by several intrinsic and extrinsic 

mechanisms, and thus no single factor is likely to be the only culprit. On the other hand, many different types 

of damage can trigger the same aging phenotype, such as the emergence of senescent cells and the 

development of a chronic, low grade inflammatory response. Thus, the clearance of senescent cells was 

chosen among all the possible targets because it seems that most of the aging pathways converge in this 

phenotype, although other important endpoints should be addressed for an effective and integrated 

treatment of aging, especially stem cell exhaustion. This therapy, however, takes advantage of the multiple 

regulatory mechanisms that carry out the immune system. 

Nowadays, similar therapies to the one proposed here are well stablished for clinical use (e.g. haemodialysis) 

and the magnetic sorting technology is also widely used in science, meaning that translating a similar device 

to clinic for human use can be plausible.  

More difficult is to anticipate the possible consequences of removing KLRG1 and LAG-3 positive cells from the 

blood. The main inconvenient is that these markers are not exclusive for senescent, anergic and exhausted T 

cells, but also NK can acquire these markers at least to a certain degree. Nevertheless, NK KLRG1+ cells might 

be also dysfunctional (Wang et al., 2013) and they are rapidly replenished as part of the innate immune system. 

Problems with autoimmunity regarding the clearance of LAG-3+ cells are indeed a more important concern 

that should be further studied. 

On the other hand, because this therapy is meant to serve as a periodic purge or depuration, it might be more 

accepted by society than a daily prescription of a pharmacological therapy. In summary, it is a good candidate 

for slowing down the rate of senescence and decrease the burden of morbidity in current Medicare. 
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