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Summary

Highly differentiated CD8" CD28~ CD27~ T cells have short telomeres,
defective telomerase activity and reduced capacity for proliferation. In
addition, these cells express increased levels of inhibitory receptors and
473) phosphorylation following activation. It is
not known whether signalling via programmed death 1 (PD-1) contributes
to any of the attenuated differentiation-related functional changes in
CD8" T cells. To address this we blocked PD-1 signalling during T-cell

receptor (TCR) activation using antibodies against PD-1 ligand 1 (PDL1)
473
)

display defective Akt(ser

and PDL2. This resulted in a significant enhancement of Akt(ser”’”) phos-
phorylation and TCR-induced proliferative activity of highly differentiated
CD8" CD28™ CD27™ T cells. In contrast, the reduced telomerase activity
in these cells was not altered by blockade of PDL1/2. We also demon-
strate that PD-1 signalling can inhibit the proliferative response in pri-
mary human CD8" T cells from both young and older humans. These
data collectively highlight that some, but not all, functional changes that
arise during progressive T-cell differentiation and during ageing are main-

tained actively by inhibitory receptor signalling.
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Introduction

The immune system undergoes dramatic restructuring
with age, with an increase in the proportion of dysfunc-
tional T cells and a decline in immune responses.”” These
changes are associated with an increase in frequency and
severity of infections and autoimmune diseases, and a
higher occurrence of malignancies in older adults.” This
immune decline is manifested at the cellular level by a
marked decline in the number of naive T cells as a result
of thymic atrophy.®® This reduced thymic output leads to
the ongoing requirement for peripheral expansion of
naive and memory T cells to maintain the T-cell pool
and this leads to the accumulation of oligoclonal expan-
sions of functionally impaired T cells in older subjects.®’
These defects include decreased interleukin-2 synthesis,g’9
reduced proliferation, in part because of defects in cell
signalling'® and in particular loss of the ability to phos-
phorylate Akt at the ser®”’
erosion."!

.9 .
site” and excessive telomere

One of the key phenotypic changes that occurs in
T cells during ageing and differentiation is the loss of the
cell surface co-stimulatory molecules CD27 and CD28,
with the phenotypic shift being more pronounced on the

CD8" than the CD4" T-cell subset.'*™"* Initially, it was
thought that the loss of CD28 was a major factor in the
reduced activation and function of these cells;'> however,
there is considerable redundancy in co-stimulatory recep-
tor usage in highly differentiated T cells and alternative
receptors may be engaged instead to promote T-cell acti-
vation in CD28~ CD8" populations.”'®'” The increase in
highly differentiated CD8" CD28~ CD27" T cells during
ageing">'* with their functional defects, may explain the
decreased efficiency of the immune system in older indi-
viduals.'® However, it is not clear how the decreased
functionality is controlled. We hypothesize here that the
decreased functionality of highly differentiated primary
human T cells may be directly regulated by inhibitory sig-
nals, as the inhibitory receptors killer cell lectin-like recep-
tor Gl (KLRG1),'”" programmed death 1 (PD-1),2%
cytotoxic T lymphocyte antigen 4 (CTLA-4),>** T cell
immunoglobulin mucin 3 (TIM-3)>>"" and lymphocyte
activation gene 3 (LAG-3)*?® have all been shown to
induce T-cell unresponsiveness. Although these inhibitory
receptors have been strongly associated with T-cell
exhaustion, the expression of these receptors per se does
not indicate that a T cell is exhausted. For example,
human T cells that express PD-1, CTLA-4 and other
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inhibitory receptors can exhibit functional activity after
activation.”” However, late stage, differentiated T-cell
populations can express relatively high levels of these
inhibitory receptors compared with undifferentiated cells,
suggesting their potential to affect T-cell function in older
humans in whom these cells accumulate.

PD-1 signalling during T-cell stimulation has been
shown to inhibit phosphoinositide 3-kinase (PI3K) activa-
tion through the binding of either SH2 domain-contain-
ing protein tyrosine phosphatase 1 (SHP-1) or SHP-2 to
the immunoreceptor tyrosine switch motif.>° A key down-
stream effector of PI3K is the serine-threonine kinase Akt
which, in response to PI3K activation, phosphorylates and
regulates the activity of a number of targets including
kinases, transcription factors and other regulatory mole-
cules.’ The activation of Akt requires the binding of its
pleckstrin homology domain to the phosphoinositide
products of PI3K resulting in its recruitment to the
plasma membrane. Once there, Akt activation is con-
trolled by phosphorylation at two different sites, Thr**®
and Ser"””. We have previously shown that highly differ-
entiated CD8" CD28~ CD27” T cells are unable to phos-
phorylate Akt(ser’”?), with the Thr’® phosphorylation
site being unaffected.” We demonstrate here that the
blockade of PD-1 signalling restored the defective
Akt(ser*”?)  phosphorylation in highly differentiated
CD8" CD28” CD27~ T cells. This indicates that the
defective Akt phosphorylation is not a passive conse-
quence of antigen-driven differentiation of CD8" T cells
but is instead actively maintained by inhibitory receptor
signalling.

We demonstrate here that the defective Akt(ser
phosphorylation and proliferation of highly differentiated
CD8" CD28™ CD27~ T cells are actively regulated by
PD-1 signalling and that these defects can be reversed by

473)

blocking the interaction of this molecule with its ligand.
Furthermore, the combined use of PD-1, CTLA-4 and
KLRGI blockade did not enhance proliferation, indicating
that these molecules operate via a similar signalling path-
way. However, PD-1 blockade did not reverse the telo-
merase activity defect in these cells after activation,
indicating that other Akt-independent mechanisms are
involved in telomerase down-regulation in these cells. The
manipulation of inhibitory signals mediated by PD-1 and
other inhibitory receptors on T cells may be potentially
useful for increasing selective T-cell functions during
immunotherapeutic regimens such as vaccination in older
subjects.

Methods

Blood sample collection and isolation

Heparinized peripheral blood samples were taken from
healthy volunteers. Where the data are stratified by age,

young is defined as individuals between 20 and 35 years
(median age 30) and old as people over 65 years (median
age 78). All samples were obtained in accordance with the
ethical committee of Royal Free and University College
Medical School. Old donors did not have any co-morbid-
ity and were not on any immunosuppressive drugs and
retained mobility and independence. Peripheral blood
mononuclear cells were isolated using Ficoll-Hypaque
(Amersham Biosciences, Amersham, UK) and either anal-
ysed immediately or cryopreserved as described previ-
ously."”

Flow cytometric analysis and cell sorting

Five-colour flow cytometric analysis was performed using
the following antibodies: phycoerythrin (PE) -conjugated
anti-PD-1 (kind gift from G. Freeman, Dept Medical
Oncology, Dana-Faber Cancer Institute, USA), anti-CTLA-
4 PE (clone BN13), peridinin chlorophyll protein-conju-
gated anti-CD8 (clone SK1), FITC-conjugated anti-CD27
(clone M-T271), allophycocyanin-H7-conjugated anti-
CD27 (clone M-T271) allophycocyanin-conjugated anti-
CD28 (clone CD28.2), PE-Cy7-conjugated anti-CD45RA
(clone 1L48), PE-Cy7-conjugated anti-CCR7 (clone 3D12),
all from BD Biosciences (Oxford, UK). All samples were
run using LSRII and analysed using FrowJo software
(Treestar, Ashland, OR).

CD8" T cells were purified by negative selection using
the VARIOMACS system (Miltenyi Biotec, Bisley, UK)
according to the manufacturer’s instructions. Negatively
selected CD8" T cells were stained with anti-CD28 biotin
(clone CD28.2; BD Biosciences), washed, and then incu-
bated with anti-biotin microbeads according to the
manufacturer’s instructions. Positively selected cells were
CD8" CD28" CD27'. The CD8" CD28 fraction was
further  separated into CD8' CD28” CD27" and
CD8" CD28~ CD27~ using CD27 microbeads (Miltenyi
Biotec).

Inhibitory receptor blockade

Inhibitory receptors on purified CD8" T cells and CD28/
27-defined CD8" subsets were blocked using either 10 pg/
ml anti-CTLA-4 (clone BN13; BD Biosciences), anti-
PDLI, anti-PDL2 (kind gift from G. Freeman), anti-E-
cadherin (clone 67A4; Chemicon, Watford, UK) or iso-
type controls, anti-IgG2a (clone MG2a-53), anti-IgG2b
(clone MPC-11) (both from Abcam, Cambridge, UK),
anti-IgG1l (clone MOPC31¢; Sigma, Gillingham, UK) at
the start of culture during the 3-day stimulation period
with anti-CD3 (purified OKT3, 0-5 pg/ml) and irradiated
antigen-presenting cells (APCs), in a 1 : 1 ratio. Irradiated
APCs are used as a source of multiple co-stimulatory sig-
nals to activated T-cell subsets sorted on the presence or
absence of CD28.”
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Proliferation assays

CD8" T cells were stimulated with anti-CD3 (purified
OKT3, 0-5 pg/ml) and irradiated APCs, in a 1: 1 ratio,
for 3 days and proliferation was assessed by [*H]thymi-
dine incorporation. Proliferation was expressed either as
the mean [3H]thymidine incorporation (counts/min;
c.p.m.) of triplicate wells = SD or a proliferation index
was calculated. The proliferation index was determined by
calculating the ratio of c.p.m. in cells proliferating in
response to anti-CD3 stimulation versus the c.p.m. in
cells proliferating in response to antibody blockade.

Western blot analysis

Purified CD8" CD28/27 populations were activated in the
presence of anti-CD3 (0-5 pg/ml) and irradiated APCs for
3 days. After which time cell lysates were obtained by
sonicating cells in 50 mm Tris-HCl (pH 7-5), 2 mMm
EGTA, 0-1% Triton X-100 buffer. Lysates from 2 x 10°
cells were fractionated on SDS—polyacrylamide electro-
phoresis gels and analysed by immunoblotting with
anti-pAkt1/2/3 (Ser*”), anti-pAkt (Thr’®®), anti-Akt, anti-
Cyclin D1/2/3 or anti-f-actin, all from Santa Cruz
Biotechnology (Wembley, UK) using the ECL Advanced
Western Blotting Detection kit (Amersham Biosciences),
according to the protocol provided by the manufacturer.

Measurement of telomerase activity

Purified CD8" T-cell populations (2 x 10° cells) were
snap-frozen after stimulation for 3 days with anti-CD3
(purified OKT3, 0-5 pg/ml), and irradiated APCs. Telo-
merase activity was determined using the TeloTAGGG tel-
omerase ELISA kit from Roche (Burgess Hill, UK)
according to the protocol provided by the manufacturer.
The absolute numbers of CD8" T cells were enumerated
using Trypan blue (Sigma) and Ki67 analysis. ELISAs was
performed with samples adjusted to 500 Ki67" T cells per
reaction as described previously.”

Statistical analysis

Statistical significance was evaluated using a paired one-
way Student’s t-test. Differences were considered signifi-
cant when P was < 0-05.

Results

The expression of PD-1 on CD8" T cells from
young and old donors

Three main subsets of CD8" T cells can be identified on
the basis of CD28 and CD27 expression (Fig. la):
CD28" CD27" (relatively undifferentiated), CD28~ CD27*

Inhibitory receptor blockade

(intermediate differentiation) and CD28~ CD27~ (highly
differentiated), as described previously.”?*™> Although
human CD8" T cells can be identified and isolated using
combinations of different sets of surface markers such as
CCR7 and CD45RA,* the use of CD28/CD27 enabled the
isolation of sufficient CD8" cells from three discrete
stages of differentiation for functional analysis. The per-
centage of highly differentiated CD28™ CD27 T cells
within the CD8" T-cell pool increases significantly during
ageing (Fig. 1b; P < 0-0001). These highly differentiated
CD28™ CD27" T cells show reduced proliferative responses
to stimulation and have the shortest telomeres, resulting
from a reduced ability to up-regulate telomerase following
activation. However, it is not known how the functional
defects in these highly differentiated cells are regulated.’
PD-1 is the most investigated inhibitory receptor but
little is known about how the expression of this molecule
changes during human T-cell differentiation. When we
examined the expression of PD-1 on CD28/CD27-defined
CD8" T-cell subsets, we found the highest levels on the
intermediate (CD28~ CD27") subsets (Fig. 1c). The
highly differentiated population expressed significantly
higher levels of this molecule than undifferentiated CD28/
CD27 CD8" T cells (Fig. 1c). Although we found signifi-
cant differences in the level of PD-1 expression between
the three CD28/CD27 subsets (Fig. 1d), we found there
to be no difference in the expression of PD-1 with age
(data not shown), supporting previous observations.'”

PD-1 blockade reverses defective Akt(ser*”?)
phosphorylation in highly differentiated CD8" T cells

Activation of the kinase Akt is essential for many cellular
functions and is controlled by phosphorylation of this
molecule at two different sites, Thr’®® and Ser*’?.’¢?’
We have reported that highly differentiated CD8"
CD28” CD27 T cells are unable to phosphorylate Akt at
the Ser*”® phosphorylation site.” We showed, by Western
blot analysis, that in the presence of PDL1/2 blockade,
there is an enhancement of Akt(ser*”?) phosphorylation
in CD8" CD28~ CD27" T cells following a 3-day stimula-
tion with anti-CD3 and autologous irradiated APCs
(Fig. 2a,b). This increase reached the level of undifferenti-
ated CD8" CD28" CD27" T cells. We found there to be
no effect on Akt at the Thr’®® site following anti-PDL1/2
block (Fig. 2¢).

PD-1 blockade enhances CD8" T-cell proliferation

The PI3K/Akt signalling pathway has been shown to play
a key role in regulating cellular proliferation®®. Therefore,
we investigated whether the proliferative defect in highly
differentiated cells could be reversed through blockade of
PD-1 signalling, We found that the addition of anti-
PDL1/2 significantly enhanced the proliferative capacity of
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Figure 1. Changes occurring to CD8" T cells with age and differentiation. (a) CD28/CD27 staining using purified peripheral blood mononuclear

cells isolated from a young donor (< 35 years) gated on CD8" T cells. (b) Graph showing the correlation between highly differentiated
CD28 CD27" T cells, expressed as a percentage of CD8" T cells, and age. (c) Programmed death 1 (PD-1) staining on CD28/CD27-defined
CD8" T-cell subsets from a young individual. (d) Graph showing the mean fluorescence intensity (MFI) of CD8" T cells expressing PD-1 in

young and old donors on CD28/CD27-defined subsets. Horizontal lines depict mean values and P-values were calculated using one-way paired

Student’s t-test.

unfractionated CD8" T cells measured by [*H]thymidine
incorporation (representative example Fig. 3a) in both
young (Fig. 3b, P < 0-05) and old (Fig. 3¢, P < 0-01) sub-
jects. We next investigated the effect of anti-PDL1/2 block
on CD28/CD27-defined CD8" T-cell subpopulations. We
found that the addition of anti-PDL1/2 blocking antibod-
ies significantly increased proliferative activity in all three
populations isolated from young individuals (Fig. 3d).
The greatest enhancement observed was among the inter-
mediate CD28~ CD27" CD8% T-cell subset (P < 0-01).
CD28/CD27-defined CD8" T-cell populations from old
individuals also responded to the anti-PDL1/2 blocking
antibodies, with significantly enhanced proliferation being
observed in the intermediate CD28~ CD27* and highly
differentiated CD28~ CD27  populations (P < 0-01 and
P < 0-05, respectively; Fig. 3e).

We then investigated the change in expression of cyclin
D1,2,3 by Western blot analysis after activation of the
CD8" T cells in the presence of anti-PDL1/2 blockade
(Fig. 3f). After activation, cyclin D1,2,3 was significantly
increased in the highly differentiated CD28" CD27" sub-
set (Fig. 3f, P < 0-05), confirming the change in proli-
ferative responses as determined by [’H]thymidine
incorporation after blocking PD-1 signalling (Fig. 2).

358

It is evident from both the unfractionated CD8" T cells
and the CD28/CD27 subsets isolated from old individuals
that the T cells are hypoproliferative compared with cells
taken from younger donors (Fig. 3a and data not shown).
Furthermore, the enhanced proliferation upon anti-PDL1/
2 blockade was of a much less than that observed in the
young (Fig. 3b,c). This suggests that other age-related
defects contribute towards the characteristic dysfunctional
proliferative responses of highly differentiated CDS8"
T cells in old individuals.

It has been demonstrated that the combined blockade
of PDL1 with other co-inhibitory receptors such as TIM-
3,227 CTLA-4*° or LAG-3%"*" was more effective than
targeting pathway alone
responses. We therefore investigated whether we could

either in restoring T-cell
enhance the proliferative response of human CD8" T cells
further by blocking PD-1 together with other inhibitory
receptors. Expression of both CTLA-4 (Fig. 4a) and
KLRG1" was increased on CD8" T cells during ageing.
We showed previously that blocking KLRGI1 could
enhance proliferative activity of CD8" T cells and also
induce Akt(ser*”?) phosphorylation.'” However, when we
blocked PD-1, KLRG1 and CTLA-4 simultaneously we
observed no additive enhancement in proliferative ability

© 2011 The Authors. Immunology © 2011 Blackwell Publishing Ltd, /Immunology, 135, 355-363
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Figure 2. Programmed death 1 (PD-1) blockade increases Ser”

Akt phosphorylation. (a) Immunoblots of pSer*”?, pThr’®® and total
Akt for CD8" CD28/CD27 subsets following a 3-day incubation
with 10 pg/ml anti-PD-1 ligand 1/2 (PDL1/2) antibody block. The
CD28/CD27 T cells were isolated from a young donor (< 35 years)
(b) Densitometric analysis showing the ratio between pSer Akt/total
Akt in CD8" CD28" CD27" T cells and CD8" CD28™ CD27™ T cells
following anti-PDL1/2 blockade. (c) Densitometric analysis showing
the ratio between pThr Akt/total Akt following anti-PDL1/2 blockade
in CD28/CD27-defined subsets. Graphs show the mean * SE for
three donors and P-values were calculated using one-way paired
Student’s #-test.

of the CD8" T cells (Fig. 4b). We also found that, like
the blockade of PD-1 and KLRGI signalling, blocking
CTLA-4 signalling also enhanced Akt(ser*”’) phosphorylation
in CD8" CD28™ CD27~ T cells following activation
(Fig. 4c,d) but again, no additive effect was found when
all three receptors were blocked simultaneously. This sug-

Inhibitory receptor blockade

gests that PD-1, KLRGl and CTLA-4 may act on the
same pathway to inhibit the proliferative response of
human CD8" T cells.

PD-1 blockade does not enhance telomerase activity

We previously showed telomerase activity to be defective
in CD8" CD28~ CD27" T cells’ compared with their early
(P < 0-005) and intermediate (P < 0-05) differentiated
counterparts (Fig. 5). However, contrary to a previous
report’’, we find no enhancement of telomerase activity
following anti-PDL1/2 blockade.

Discussion

We show here that the proliferative defect in highly dif-
ferentiated human CD8" CD28~ CD27~ T cells can be
restored through the interruption of the PD-1 signalling
pathway in both young and old individuals. Furthermore,
the combined blockade of PD-1, CTLA-4 and KLRG1 did
not provide additional enhancement of T-cell responses.
This finding differs from reports where the combined tar-
geting of PDL1/CTLA-4, PDLI/interleukin-10** and
PDL1/LAG-3% during chronic viral infections, and of
PDLI/TIM-3% for the treatment of advanced melanoma
have all been shown to be more effective than PDL1
blockade alone. This suggests that in healthy individuals
with no ongoing illness the combined use of inhibitory
receptor blockade will be unlikely to boost T-cell
responses. However, it is possible that manipulation of
other signalling pathways such as p38 mitogen-activated
protein kinase (MAPK), which engages distinct signalling
components to PD-1,"** may provide an additional
enhancement to certain functional responses of CD8"
T cells.

We observed that the increased phosphorylation of Akt
by PDL1/2 blockade caused an increase in CD8" T-cell
proliferative responses, in agreement with other find-
ings.*>*® Moreover, we found that by combining blockade
of PD-1 with CTLA-4 and KLRG1 we were unable to see
any additional enhancement to the T-cell proliferative
response in CD8" T cells from either young or old
donors. Both CTLA-4*>*" and KLRG1'”*® also inhibit the
PI3K pathway but via different phosphatases to PD-1.
CTLA-4 acts by recruiting SHP-2 and PP2A*® and KLRG1
mediates its effects through the recruitment of SHIP-1
and SHP-2."® As all three inhibitory molecules mediate
their inhibition via the PI3K pathway, one might not
expect to see an enhancement in T-cell responses in
healthy individuals, other reports showing that the com-
bined blockade of several inhibitory receptors further
boost T-cell responses may be the result of the ongoing
pressure of antigenic load or tumour burden driving
CD8" T cells to exhaustion.
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Figure 3. Blockade of programmed death 1 (PD-1) causes increased proliferation in CD8" T cells. (a) Representative example of anti-PD-1 ligand
1/2 (PDL1/2) blockade in CD8" T cells isolated from young (< 35 years) and old (> 65 years) donors measured after 3 days by [*H]thymidine
incorporation. Graphs showing proliferation of CD8" T cells following a 3-day incubation with 10 pg/ml anti-PDL1/2 antibody block measured
by [*H]thymidine incorporation, in young (b) and old (c) donors. Data showing the effect of 10 pg/ml anti-PDL1/2 antibody block on prolifera-
tive capacity in CD8" CD28/CD27-defined T-cell subsets in young (d) and old (e) donors. Proliferation index was calculated by determining the
ratio between cells proliferating in the presence of 0-5 pg/ml anti-CD3 stimulation versus 10 pg/ml anti-IgG2b isotype control or anti-PDL1/2
block. Horizontal lines depict mean values. (f) Immunoblots of cyclin D1,2,3 and f actin for CD8* CD28/CD27 subsets, from young individuals,
following a 3-day incubation with 10 pg/ml anti-PDL1/2 antibody block. Together with densitometric analysis showing the ratio between cyclin
D1,2,3/f actin in CD8" CD28" CD27" T cells and CD8" CD28~ CD27" T cells following anti-PDL1/2 blockade. Graphs show the mean + SE for
three donors and P-values were calculated using the Student’s t-test.

When we examined which of the CD28/CD27-defined CD8" CD28™ CD27" T cells as expressing the highest lev-

CD8" T-cell subsets responded to the anti-PDL1/2 block-
ade, we found that all three subsets responded in CD8"*
T cells from young donors and only the intermediate
and late differentiated CD8" T cells responded from old
individuals, with no significant difference observed
between the proliferative responses of any of the subsets.
This observation may seem at odds with our expression
data, where we identified the intermediate

360

els of PD-1. However, differing PD-1 expression levels
may engage distinct intracellular targets."” For example,
PD-1 binds the SH2 domain-containing protein tyrosine
phosphatases SHP-1 and SHP-2 in naive T cells, but in
exhausted cells the high levels of PD-1 expression can
recruit additional signalling molecules.*” Furthermore the
cytokine microenvironment can also control expression of
PD-1, with the common 7y-chain cytokines and inter-

© 2011 The Authors. Immunology © 2011 Blackwell Publishing Ltd, /Immunology, 135, 355-363
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Figure 4. Combined use of inhibitory receptor antibody block causes no additive enhancement in proliferative ability on CD8" T cells. (a) Graph
showing the correlation between cytotoxic T-lymphocyte antigen 4 (CTLA-4) expression on CD8" T cells and age. (b) Data showing the effect of
10 pg/ml anti-programmed death 1 ligand 1/2 (PDL1/2), anti-CTLA-4, anti-E-cadherin or all three antibody blocks on proliferative capacity in
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0-5 pg/ml anti-CD3 stimulation versus 10 pg/ml anti-IgG2b isotype control or anti-inhibitory receptor block. Horizontal lines depict mean val-
ues. (c) Immunoblots of pSer*”?, pThr’® and total Akt for CD8* CD28/CD27 subsets, from young donors, following a 3-day incubation with
10 pg/ml anti-CTLA-4 antibody block. (d). Densitometric analysis showing the ratio between pSer Akt/total Akt and pThr Akt/total Akt in
CD8" CD28" CD27" T cells and CD8" CD28~ CD27™ T cells following anti-CTLA-4 blockade. Graphs show the mean + SE for three donors and
all P-values were calculated using one-way paired Student’s t-test.

feron-o inducing PD-1, the differing response to PDL1/2 the telomerase assay to 500 Ki67" cells per sample, as we
blockade in the CD28/CD27-defined subsets may reflect have done, there remains the possibility that their obser-
the different levels of cytokine receptor expression in the vation merely reflects the increased proliferation of these
subsets.”> Alternatively, PDL1 may be interacting with cells. Apart from Akt, other key signalling molecules such
CD80 (B7-1), as both molecules are induced on activated as extracellular signal-regulated kinase (ERK) and nuclear
T cells and the interaction between PDL1/CD80 has been factor-kB are activated following PI3K activation.’® In
shown to inhibit T-cell activation.”® However, the extent one study, a small molecule inhibitor that activates the
to which these highly differentiated CD8* CD28~ CD27~ ERK/MAPK pathway enhanced proliferation, telomerase
T cells express CD80 remains to be determined. activity and replicative lifespan of T cells from HIV-
We then investigated whether PDL1/2 blockade merely infected patients.”’ Furthermore, we have recently shown
affected Go/G; cell-cycle checkpoints and the frequency of that the small molecule p38 MAPK inhibitor, BIRB796
cells entering mitosis, or whether it actively enhanced tel- increased telomerase activity in highly differentiated
omerase activity protecting the CD8" T cells from senes- CD4" CD45RA™ CD27™ T cells.** Ongoing studies in our
cence. We found no enhancement in telomerase activity laboratory are directed at understanding the role of p38
following blockade of the PD-1 pathway, again this is MAPK signalling in CD8" T cells.
contrary to published data demonstrating an increase in It is well recognized that older humans have decreased
telomerase activity following blockade of the PDL1/2 T-cell responses™>>> and it is possible that modulating
pathway in HIV-specific CD8" T cells following specific the signalling through certain inhibitory receptors like
peptide stimulation.*’ However, telomerase activity PD-1 may boost these responses. We observed a signifi-
increases in proliferating cells and without standardizing cant increase in the proliferative response in CD8" T cells

© 2011 The Authors. Immunology © 2011 Blackwell Publishing Ltd, /Immunology, 135, 355-363 361



S. M. Henson et al.

80 x

70

aRg|

50

40 e e

30

20

10

Relative telomerase/500 Ki67+ cells

0= T T T T T T
Stim + + + + + + + + +

algG2b + + +
aPDL1/2 + + +

28+27+ 28727+ 28727~

Figure 5. No increase in telomerase expression following pro-
grammed death 1 (PD-1) blockade. Graph showing telomerase activ-
ity after 3 days following 10 pg/ml anti-PD-1 ligand 1/2 (PDL1/2)
antibody blockade in CD8" CD28/27-defined T-cell subsets from
young donors. Telomerase activity was determined using the Telo-
TAGGG telomerase ELISA kit from Roche. Graph shows the
mean + SE for three donors and P-values were calculated using the
Student’s t-test.

isolated from old individuals after PDL1/2 blockade but
this enhancement was less than in young individuals
(1-5-fold to threefold increase compared with 1-5-fold to
eightfold increase, respectively). This suggests that other
age-related defects are contributing to the poor proliferative
responses of CD8" T cells from old donors and these
remain to be clarified. The current challenge is to iden-
tify the extent to which other signalling pathways such as
the MAPKSs are involved in the reduction of certain func-
tions in highly differentiated T cells and whether they
can be manipulated either alone or in combination with
other targets to improve immune responsiveness during
ageing.
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