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ABSTRACT
T lymphocytes expressing CD57 and lacking costimulatory receptors CD27/CD28 have been reported to 
accumulate with aging, chronic infection, and cancer. These cells are described as senescent, with inability 
to proliferate but enhanced cytolytic and cytokine-producing capacity. However, robust functional studies 
on these cells taken directly from cancer patients are lacking. We isolated these T cells and their CD27/28+ 
counterparts from blood and tumor samples of 50 patients with previously untreated head and neck 
cancer. Functional studies confirmed that these cells have enhanced ability to degranulate and produce 
IFN-γ. They also retain the ability to proliferate, thus are not senescent. These data suggest that CD27/28- 
CD57+ CD8+ T cells are a subset of highly differentiated, CD45RA+ effector memory (TEMRA) cells with 
retained proliferative capacity. Patients with > 34% of these cells among CD8+ T cells in the blood had 
a higher rate of locoregional disease relapse, suggesting these cells may have prognostic significance.
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Introduction

As the median age of the world population continues to rise, 
there is an expanding population of geriatric cancer patients. It 
is estimated that by 2030, the proportion of cancer patients 
who are over age 65 will reach 70%.1 Treatment of this patient 
population can be challenging, due to increased medical com-
plexity and a higher risk of morbidity and mortality associated 
with surgery and other forms of cancer treatment. Risk factors 
for head and neck squamous cell carcinoma (HNSCC) include 
exposure to tobacco, alcohol, and high-risk subtypes of human 
papillomavirus (HPV). However, advanced age is often the 
only risk factor among patients over 70 years of age. As such, 
there is a growing interest in understanding how anti-tumor 
immune responses change with aging, leading to increased 
susceptibility to HNSCC and other cancers. Of additional 
importance, immune checkpoint blockade is a relatively new 
treatment modality in HNSCC, with equivalent benefit seen in 
older versus younger patients.2 However, as in other cancers 
treated with immune checkpoint blockade, biomarkers of 
response are needed for HNSCC.

A population of T lymphocytes expressing the differentia-
tion marker CD57 and lacking expression of costimulatory 
receptors CD27/CD28 have been noted to accumulate with 
aging and chronic infection.3–5 A high proportion of these 
cells have been documented in some patients with cancer, 

both within the tumor microenvironment (TME) and the 
peripheral blood6–8. Whether these cells contribute to the for-
mation of cancer, versus accumulating as a result of chronic 
stimulation by tumor antigens, is unclear. Emerging studies in 
different cancer types have suggested that a high proportion of 
T cells in the peripheral blood expressing CD57 or lacking 
CD28 expression is associated with poor responses to immune 
checkpoint blockade and other forms of therapy;8–10 however, 
other reports have shown the exact opposite, 6,7,11–13 with data 
suggesting that these cells may be directly beneficial or indirect 
evidence of a strong anti-tumor immune response. In order to 
make sense of these discrepancies, a better understanding of 
the functional phenotypes of these CD27/28-CD57+ T cells is 
critical.

Early reports suggested that these are senescent T cells, 
lacking the ability to proliferate and expressing cellular mar-
kers of senescence.14 As a result, CD28-negative T cells are 
commonly called senescent T cells (even in studies where 
senescence is not assessed). Accumulation of these cells, 
along with other features of immune aging, have been collec-
tively called “immunosenescence”.8,14,15 However, conflicting 
studies show that these cells may in fact maintain proliferative 
capacity.16–18 These CD27/28-CD57+ T cells have also been 
described to contain high levels of perforin and granzymes,17,19 

but it is unclear whether this increase is a result of increased 
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production of enzymes or impaired release of cytolytic gran-
ules. It has also been suggested that CD27/28-CD57+ are 
terminally differentiated effector memory cells that produce 
large amounts of effector cytokines upon stimulation.17

Conflicting reports regarding the functional phenotypes of 
these cells may be a result of how they were defined (i.e., 
looking at CD28 or CD57 in isolation), where they were 
obtained (human versus murine systems), how they were cul-
tured, and how they were assayed. To better understand and 
characterize their function, we isolated CD27/28-CD57+ 
T cells and their CD27/28+ counterparts from peripheral 
blood and tumor tissue of 50 patients with previously 
untreated, HPV-negative HNSCC of the oral cavity, larynx, 
and hypopharynx. We then investigated associations with 
other shared cellular markers and clinical features, including 
age and disease stage. Next, we subjected the sorted cell popu-
lations to well-validated functional assays to definitively show 
whether these cells are senescent and/or capable of secreting 
large amounts of cytolytic enzymes and effector cytokines. 
Lastly, we also assessed the relationship between the propor-
tion of these cells in the peripheral blood and disease relapse.

Methods

Human subjects

Blood and tumor tissue from patients with previously untreated 
head and neck cancer were obtained under a protocol approved 
by the Institutional Review Board at Emory University (Study 
#00002286) with written informed consent from each patient 
prior to participation and prior to surgery. Blood and tumor 
tissue were collected on the day of surgery. The electronic 
medical record was reviewed and sociodemographic, histo-
pathologic, and tumor staging details were recorded for each 
subject. Age was recorded as the patient’s age at the time of 
surgery, and locoregional control was defined as the length of 
time between surgery and local or regional disease recurrence 
(where applicable). Pathology reports were used to record his-
topathologic details including overall disease stage and the pre-
sence or absence of high-risk features including perineural/ 
lymphovascular invasion and extracapsular extension.

Isolation of PBMCs and tumor infiltrating lymphocytes

Blood samples were diluted 1:1 in sterile PBS, then centrifuged 
with Lymphoprep in EasySep tubes (Stem Cell Technologies) 
to create a density gradient, followed by collection of PBMCs. 
Tumor samples were mechanically and enzymatically digested 
using the human tumor digestion kit from Miltenyi per man-
ufacturer instructions, then filtered. Cell pellets from blood or 
tumor were then resuspended in freezing media consisting of 
40% fetal bovine serum, 10% DMSO, and 50% RPMI, then 
frozen at −80°C until further use.

Cell sorting

PBMCs were labeled for CD3, CD8, CD27, CD28, and CD57, 
rinsed, then sorted into live CD27/28-CD57+ and CD27/28+ 
populations of CD3+CD8+ T cells with a BD FACS Aria II 
SORP Cell Sorter. Cells were then rested in T cell media, consist-
ing of ImmunoCult-XF (Stem Cell Technologies) and 0.33 units/ 
mL DNase (Invitrogen), overnight prior to use in functional 
assays.

Head and neck cancer cell lines

JHU029 cells were obtained from Dr. David Sidransky at Johns 
Hopkins University. UM-SCC-74A cells were obtained from 
Dr. Thomas Carey at the University of Michigan. UPCI SCC- 
90 cells were purchased from ATCC. Cell lines were validated 
by short tandem repeat testing and/or HLA typing. For long- 
term storage, cells were kept in liquid nitrogen. Cells were 
regularly tested for Mycoplasma contamination and passaged 
for no more than 3 months or 20 passages before discarding.

Flow cytometry

PBMCs and single-cell suspensions from tumors were rinsed in 
FACS buffer, then stained with surface antibodies for 30 min-
utes, rinsed again, fixed, then permeabilized with the eBioscience 
kit where needed prior to intracellular staining. Samples were 
then analyzed on a BD Symphony A3 cytometer, then further 

Table 1. Demographic and clinicopathologic details of the included patients.

Characteristic n = 50

Patient Demographics
Age, mean (SD) 69 (10.7)
Gender

Male, n (%) 25 (50)
Female, n (%) 25 (50)

Race
White, n (%) 39 (78)
Black, n (%) 8 (16)
Asian, n (%) 2 (4)

Ethnicity
Hispanic, n (%) 1 (2)
Non-Hispanic, n (%) 49 (98)

Anatomic sites, n (%)
Oral Cavity 38 (76)
Hypopharynx 2 (4)
Larynx 10 (20)

Tumor Grade, n (%)
G1 10 (20)
G2 35 (70)
G3 5 (10)

pT Stage (AJCC 8th edition), n (%)
T1 3 (6)
T2 7 (14)
T3 11 (22)
T4a 24 (48)
T4b 5 (10)

pN Stage (AJCC 8th edition), n (%)
N0 27 (54)
N1 3 (6)
N2a 2 (4)
N2b 7 (14)
N2c 1 (2)
N3b 10 (20)

Overall Stage
I 3 (6)
II 4 (8)
III 11 (22)
IVA 20 (40)
IVB 12 (24)

High-risk Pathologic Features
Positive margins, n (%) 2 (4)
Perineural invasion, n (%) 25 (50)
Lymphovascular invasion, n (%) 19 (38)
Extracapsular extension, n (%) 12 (24)
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analyzed using FlowJo software. Clustering and creation of tSNE 
plots was performed using FlowJo with default settings. Live cells 
were gated based on negative staining for FVS575 viability dye 
(BD Biosciences). “Fluorescence minus one” controls were tested 
for each multicolor flow panel. Antibodies used for flow cyto-
metry and FACS sorting were from Cell Signaling Technology 
(anti-p16INK4A, AF647 clone D7C1M), Biorbyt (anti-β- 
galactosidase, FITC, polyclonal rabbit IgG), Sigma Aldrich (anti- 
Phosphatidylserine, AF488, clone 1H6), Miltenyi (anti-CD45RO, 
APC/Vio770, clone UCHL1), BD Biosciences (anti-CD3, 
BUV563, clone HIT3α; anti-CD4, BUV496, clone SK3; anti- 
CD8, BUV395, clone RPA-T8; anti-CD28, BB700, clone L293; 
anti-CD45RA, BUV805, clone 5H9; anti-interferon-γ, BUV737, 
clone 4S.B3), or Biolegend (anti-TIGIT, BV421, clone A15153G; 
anti-KLRG1, BV711, clone 2F1/KLRG1; anti-CD57, BV785, 
clone QA17A04; anti-granzyme B, PE/Dazzle 594, clone 
QA16A02; anti-CD27, Pe/Cy7, clone O323; anti-perforin, 
APC/Fire750, clone B-D48; anti-CCR7 (CD197), BV650, clone 
G043H7; anti-CD62L, AF647, clone DREG-56; anti-CD107a, 
FITC, clone H4A3; anti-Ki67, PE, clone Ki-67).

T cell proliferation assay

PBMCs or sorted CD8+ T cells from the peripheral blood were 
labeled with CellTrace Violet (ThermoFisher) per manufac-
turer instructions, then incubated in DNase (0.33 units/mL) 
and stimulated with CD2/CD3/CD28 beads (Miltenyi) per 
manufacturer instructions and human IL-2 (50 IU/ml) or IL- 
15 (20 ng/ml), both from Biolegend and repleted every 2 days, 
for 4–5 days. Cells were then labeled for CD3, CD8, CD27, 
CD28, and CD57, then analyzed by flow cytometry.

T cell degranulation and cytokine assays

PBMCs or sorted CD8+ T cells from the peripheral blood 
were cultured for 4 hours with eBioscience Cell Stimulation 
Cocktail (PMA/ionomycin, 1:500) with or without 
GolgiPlug (brefeldin A, BD Biosciences, 1:1000). Cells 
were then stained for intracellular granzyme B, perforin, 
and IFN-γ, in addition to surface CD107a. Samples were 
then analyzed by flow cytometry.

Statistical analyses

Experimental data were analyzed by Student’s t test, one- or 
two-way ANOVA with post-hoc Tukey analyses where appro-
priate. The relationship between T cell populations and disease 
recurrence were analyzed with a receiver operating curve, 
followed by Chi squared test. GraphPad Prism software was 
used for statistical testing, with p < .05 considered statistically 
significant.

Results

CD27/28-CD57+ T cells are enriched in the peripheral 
blood and TME of HNSCC patients

Peripheral blood mononuclear cells (PBMCs) and tumor cell 
suspensions were analyzed by flow cytometry and gated into 

CD4+ and CD8+ subsets of CD27/28-CD57+ T cells versus 
their CD27/28+ counterparts for each sample (Figure 1a). Prior 
reports suggest that T cells lacking CD28 and/or expressing 
CD57 also express high levels of KLRG1 and TIGIT.4,20 We 
found that KLRG1 expression was indeed high on both CD4+ 
and CD8+ T cells (versus CD27/28+ cells) within the periph-
eral blood, but the difference on CD8+ tumor infiltrating 
lymphocytes (TIL) was not statistically significant 
(Figure 1b). TIGIT expression was higher among CD8+ versus 
CD4+ T cells in the blood, but lower among CD4+ TIL; there 
was no difference in TIGIT expression among CD8+ TIL 
(Figure 1c). Overall, the proportion of CD27/28-CD57+ 
T cells was higher in the peripheral blood versus TIL, but 
there was a strong correlation between the proportions in the 
blood versus TIL (Figure 1d).

CD27/28-CD57+ T cells are enriched in HNSCC patients 
over age 75

Within the peripheral blood and TIL, there was no significant 
correlation between age and the proportion of CD27/28-CD57 
+ T cells (Figure 2). However, the mean proportion of CD27/ 
28-CD57+ cells was significantly higher in the CD8+ subset 
among patients over age 70 (not shown) and in both CD4+ and 
CD8+ subsets among patients over age 75 (Figure 2c,f). These 
data suggest that the prevalence of these cells may be more 
pronounced in head and neck cancer patients over age 75. 
However, several outliers were noted to have high levels of 
these cells during the sixth decade of life, suggesting that some 
patients experience these changes earlier for reasons that are 
unclear. Multiple studies have shown high numbers of these 
cells in patients who are seropositive for CMV, EBV, HIV, and 
other viruses.4,19,21–23 Thus, the degree to which a particular 
person has been exposed to infection and other sources of 
chronic antigen stimulation during their lifetime may impact 
this aspect of immune aging. High numbers of CD27/28-CD57 
+ T cells could also be a result of the cancer itself, which is also 
a source of chronic antigen stimulation. In keeping with this 
idea, we did see a possible association between high numbers of 
CD27/28-CD57+ CD8+ T cells and advanced (stage IV) dis-
ease (Figure 2g), although this did not reach statistical signifi-
cance, and there was no association between disease stage and 
composition of CD4+ cells (Figure 2h). Looking at other clin-
ical factors, we saw a significant difference in the percent of 
CD27/28-CD57+ T cells in oral cavity tumors versus larynx 
tumors, but only in the CD8+ subset (Figure 2i,j). Interestingly, 
the distribution among oral cavity tumors appears to be bimo-
dal (Figure 2i). Since few hypopharynx tumors were included 
in the cohort, we did not include those tumors in the compar-
ison. When comparing based on patient sex, there was no 
difference in T cell populations in male versus female patients 
(Figure 2k,l). Interestingly, we noted a higher percentage of 
CD27/28-CD57+ CD8+ T cells in cases with perineural inva-
sion, but not with other high-risk pathologic features (lympho-
vascular invasion and extracapsular nodal spread; Figure 2m, 
n). Given the role of CD8+ cytotoxic T lymphocytes in tumor 
control and the lack of any difference in CD4+ subsets accord-
ing to disease stage, we focused most of our functional analyses 
on CD8+ T cells.
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Figure 1. CD27/28-CD57+ T cells and their CD27/28+ counterparts were isolated from the peripheral blood and tumor tissue of HNSCC patients. (a) Flow cytometry 
gating strategy used for CD8+ and CD4+ subsets. (b) KLRG1 expression among T cell subsets in the peripheral blood (left) and tumor infiltrating lymphocytes (TIL, right). 
MFI, mean fluorescence intensity. (c) TIGIT expression among T cell subsets in the peripheral blood (left) and TIL (right). (d) Correlation (Pearson correlation coefficient, 
squared) between percent of CD27/28-CD57+ T cells in the peripheral blood versus TIL for CD8+ subsets (left) and CD4+ subsets (right). Data in B and C represent mean  
± one SD. **p < .01, ***p < .001, ****p < .0001 by two-way ANOVA with post hoc Tukey analyses.
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CD27/28-CD57+ T cells exhibit mildly impaired 
proliferation but are not senescent

Because CD27/28-CD57+ T cells have been described as 
senescent, we examined intracellular markers associated 
with senescence. An isoform of β-galactosidase (β-gal) 

known as “senescence-associated” β-gal is thought to func-
tion best at low pH, and its origin is linked to the GLB1 gene 
that produces the β-D-galactosidase within lysosomes.24 

High β-gal is often associated with, though not required 
for, cellular senescence.24 p16INK4A has also been associated 

Figure 2. CD27/28-CD57+ T cells are more abundant in the peripheral blood of HNSCC patients over age 75. (a) Correlation between percent of CD27/28-CD57+ CD8+ 
T cells in the peripheral blood versus age. (b) Correlation between percent of CD27/28-CD57+ CD8+ T cells in the tumor versus age. (c) Percent of CD27/28-CD57+ CD8+ 
T cells in the peripheral blood of patients <age 75 versus ≥age 75. (d) Correlation between percent of CD27/28-CD57+ CD4+ T cells in the peripheral blood versus age. 
(e) Correlation between percent of CD27/28-CD57+ CD4+ T cells in the tumor versus age. (f) Percent of CD27/28-CD57+ CD4+ T cells in the peripheral blood of patients 
<age 75 versus ≥age 75. (g, h) Percent of CD27/28-CD57+ CD8+ T cells (G) and CD4+ T cells (h) in the peripheral blood of patients according to disease stage. (i, j) 
Percent of CD27/28-CD57+ CD8+ T cells (i) and CD4+ T cells (j) in the peripheral blood of patients according to anatomic site. (k, l) Percent of CD27/28-CD57+ CD8+ 
T cells (k) and CD4+ T cells (l) in the peripheral blood of patients according to sex. (m, n) Percent of CD27/28-CD57+ CD8+ T cells (m) and CD4+ T cells (n) in the 
peripheral blood of patients according to histopathologic features including perineural invasion (PNI), lymphovascular invasion (LVI) and extracapsular spread (ECS). Box 
plot whiskers depict min and max. *p < .05 by student’s t test.
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with cellular senescence.25 To look for β-gal and p16 enrich-
ment, we performed intracellular staining for these markers 
and measured their expression with flow cytometry. We first 
verified that our p16 antibody was specific for the intended 
target by demonstrating robust staining in HNSCC cells 
positive for human papillomavirus, which are known to 
express high levels of p16 (Supplementary Figure S1). To 
validate p16 and β-gal as markers of senescence in our 
HNSCC cells, we then subjected cell lines to a low dose of 
doxorubicin, a well-established method for inducing 
senescence,26–28 and noted that β-gal and p16 increased 
along with morphologic changes associated with senescence 
(Supplementary Figures S2,3). These experiments suggested 
that senescent cells do stain strongly for p16 and β-gal by 
flow cytometry.

When we stained for p16 and β-gal in T cells from patient 
tumor and blood samples, we noted that these markers were 
not enriched in CD27/28-CD57+ T cells versus their CD27/28 
+ counterparts. This led us to question whether these cells are 
truly senescent. Given that we had seen a shift in the composi-
tion of CD8+ T cells in the peripheral blood of patients over 
age 75, we performed clustering analysis on the TIL from all 
patients over age 75 (Figure 3a,b). Although there was an 
obvious cluster of cells lacking CD27/28, enriched for CD57, 
and mildly enriched for KLRG1, these cells were not enriched 
for p16 or β-gal. This was confirmed when we compared the 
levels of these senescence markers across T cell subsets in the 
peripheral blood and TIL for all patients (Figure 3c–f).

We then looked at additional markers of cell death/stress 
and proliferation. To rule out the possibility that T cells may 
lose CD27/28 expression and/or gain CD57 while in culture, 
we sorted CD8+ T cells from peripheral blood samples into 
CD27/28-CD57+ or CD27/28+ populations. We did note that 
the CD27/28-CD57+ cells expressed higher levels of phospha-
tidylserine (Figure 4a), which may occur during apoptosis or 
cellular stress.29 However, the two populations expressed simi-
lar levels of the proliferative marker Ki67 (Figure 4b). We then 
labeled the two populations of T cells with CellTrace Violet and 
cultured them with CD2/3/28 beads and IL-2 for up to 5 days. 
When we performed flow cytometry on the treated cells five 
days after the sort, we noted that the sorted CD27/28+ T cells 
did not lose CD27 or CD28 during the culture period. We also 
noted that the proliferative capacity of CD27/28-CD57+ CD8+ 
T cells was intact but slightly reduced versus the CD27/28+ 
cells (Figure 4c), demonstrating that these cells are not senes-
cent. Since these cells do not appear to change their CD2728/57 
expression in culture, and since they do typically coexist 
together, we next stained all PBMCs with CellTrace Violet 
and cultured them together with different stimuli. We specifi-
cally compared proliferation with IL-2 versus IL-15, which has 
been reported to induce robust expansion of CD57+ T cells.23 

We noted that proliferation of CD27/28-CD57+ CD8+ T cells 
was slightly better with IL-15 (Figure 4d). Interestingly, when 
cultured together, all of the cells appeared to proliferate less 
readily, with about a third of even the CD27/28+ cells failing to 
divide at all over the same period of time. This finding raises 
the possibility that the CD27/28-CD57+ cells may exert some 
type of inhibitory effect on the effector functions of CD27/28+ 
T cells, although further studies are needed to explore this idea.

CD27/28-CD57+ T cells may have enhanced cytolytic 
potential and secrete more IFN-γ upon stimulation than 
their CD27/28+ counterparts

Numerous studies have shown high levels of granzyme and 
perforin within T cells lacking CD28 and/or expressing 
CD57 17,19,21,23. We confirmed this finding in both CD4+ 
and CD8+ subsets within peripheral blood and TIL 
(Figure 5a–c).

CD107a (also known as LAMP1) is expressed along the 
inner membrane leaflet of intracellular lytic vesicles, 
becoming exposed on the cell surface of immune effector 
cells upon fusion of these vesicles to the cell surface and 
release of cytolytic enzymes. Expression of CD107a on the 
surface of a T cell is considered a robust surrogate marker 
of degranulation.30 To our knowledge, expression of 
CD107a has not been investigated along with granzyme/ 
perforin in CD27/28-CD57+ T cells. When we compared 
CD107a expression in CD27/28-CD57+ versus CD27/28+ 
CD8+ T cells, we found that CD107a was significantly 
higher in the CD27/28-CD57+ T cells upon stimulation 
(Figure 5d). Taken together, these data suggest that the 
CD27/28-CD57+ T cells produce large quantities of cytoly-
tic enzymes and are capable of releasing them upon 
stimulation.

Several studies have reported robust production and secre-
tion of effector cytokines, particularly IFN-γ, by CD27/28- 
CD57+ T cells.17,23 To investigate whether this is a feature of 
CD27/28-CD57+ T cells from HNSCC patients, we stimulated 
CD8+ T cells from the peripheral blood in the presence or 
absence of GolgiPlug and assessed intracellular IFN-γ by flow 
cytometry (Figure 5e,f). The level of intracellular IFN-γ was 
substantially higher in the CD27/28-CD57+ T cells versus their 
CD27/28+ counterparts. Thus, it appears that this distinct 
subset of T cells that have been portrayed in the literature as 
fragile and past their prime31 do excel at some very specific 
effector functions, including the production of effector 
enzymes and cytokines.

CD27/28-CD57+ T cells are likely to be a highly 
differentiated subpopulation of TEMRA cells

Costimulation is an early, critical component of T cell 
activation upon stimulation of the T cell receptor by 
a peptide-MHC complex.9,32 Loss of CD27 and CD28 con-
stitutes a late event, and terminally differentiated T cells 
often lack these costimulatory receptors. It has been sug-
gested that these CD27/28-CD57+ T cells are oligoclonal, 
terminally differentiated, CD45RA-positive effector mem-
ory (TEMRA) cells that accumulate as a result of chronic 
antigen stimulation.21,23,31,33,34 Consistent with other 
reports,35 flow cytometric analysis of our blood samples 
from HNSCC patients showed that these cells are univer-
sally positive for CD45RA and negative for CCR7 
(Figure 6), which are classic features of TEMRA cells along 
with lack of CD27 expression.36 Thus, our data indicate 
that these CD27/28-CD57+ T cells are likely to be a subset 
of TEMRA cells.
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CD27/28-CD57+ T cells are associated with early 
locoregional recurrence after surgery

Studies on the prognostic significance of T cells lacking CD27/ 
28 and expressing CD57 in patients treated with immune 
checkpoint blockade have shown mixed results.6–8 We next 
analyzed our dataset of 50 patients (Table 1) to determine 
whether there was any association between the proportion of 
these cells in the blood and locoregional (LR) disease relapse. 
We focused our analysis on LR relapse within 6 months rather 
than the development of distant metastatic disease, since dis-
tant sites were not specifically treated in this surgical cohort. 
We first performed a receiver operating curve to assess for any 
relationship between the percent of CD8+ T cells in the blood 
that were CD27/28-CD57+ (Figure 7a). We then chose a cutoff 
point of 34%, which was found to have 80% sensitivity and 

specificity. The rate of LR relapse in patients with < 34% CD27/ 
28-CD57+ CD8+ T cells in the blood was 2.7%, compared with 
over 30% of the patients with these cells comprising > 34% of 
the CD8+ T cells (Figure 7b). The one-year locoregional con-
trol rate was also significantly reduced in patients with > 34% 
of these cells in the blood (Figure 7c). These results suggest that 
patients wherein a third or more of the circulating CD8+ 
T cells lack CD27/28 and express CD57 may be at risk for 
early disease relapse and lower locoregional disease control.

Discussion

Our data show that a distinct subset of TEMRA cells lacking 
costimulatory receptors and expressing CD57 accumulate in 
the peripheral blood of some patients with head and neck 
cancer. These cells have reduced ability to proliferate but are 

Figure 3. CD27/28-CD57+ T cells are not enriched for markers of senescence. (a, b) Flow cytometry data gated on live CD3+CD8+ (a) and CD3+CD4+ (b) cells from 
tumor samples of 18 patients ≥ age 75 were concatenated and tSNE plots created. A cluster of CD27/28-CD57+ T cells was identified that was enriched for KLRG1 and 
granzyme B but not for senescence markers β-galactosidase or p16. (c,d) p16INK4A (c) and β-galactosidase (d) expression among T cell subsets in the TIL. (e, f) p16INK4A (e) 
and β-galactosidase (f) expression among T cell subsets in the peripheral blood. MFI, mean fluorescence intensity.

ONCOIMMUNOLOGY 7



not senescent, and they retain a strong ability to perform some 
important effector functions, including production of cytolytic 
enzymes and IFN-γ. Our results suggest that CD27/28-CD57+ 
T cells in both CD4+ and CD8+ subsets are more prevalent in 
the peripheral blood versus tumor, and in most cases the 
proportion of these cells in the blood can be used to predict 
the relative proportion of these cells among TIL. We found that 

these cells in the blood had increased expression of KLRG1, 
which has recently been associated with poor responses to 
neoadjuvant immunotherapy in head and neck cancer.37 

Contrary to other reports,4 we did not find increased expres-
sion of TIGIT in these cells.

The proportion of these cells within the peripheral blood, 
which is logistically more practical to assess versus tumor 

Figure 4. CD27/28-CD57+ T cells have mildly increased expression of phosphatidylserine but are not senescent. (a) Box plots for surface phosphatidylserine expression 
by flow cytometry on CD8+ T cells sorted from the peripheral blood into CD27/28-CD57+ and CD27/28+ populations. (b) Box plots for Ki-67 expression by flow 
cytometry on CD8+ T cells sorted from the peripheral blood into CD27/28-CD57+ and CD27/28+ populations. (c) CellTraceTrace Violet dilution to depict cell division 
among CD27/28-CD57+ and CD27/28+ populations of CD8+ T cells from the peripheral blood stimulated with CD2/3/28 beads and cultured with IL-2, as shown by 
representative histograms (left) and quantification (right). (d) Comparison of proliferation achieved with IL-2 versus IL-15 when all lymphocytes were stimulated with 
CD2/3/28 beads and cultured together for 4 days. Data are combined from four independent experiments using blood from nine individual patients, except for D (two 
experiments using blood from three patients). Data represent mean ± one SD, box plot whiskers in a and B represent min and max. *p < .05, **p < .01, ****p < .0001 by 
student’s t test (a, b) or two-way ANOVA with post-hoc Tukey analyses (c, d).

8 B. L. C. KINNEY ET AL.



specimens, has been previously used as a biomarker of prog-
nosis and treatment response in cancer patients.6-8 At this 
point, based on our studies and others,38,39 it is unclear 
whether advanced disease leads to accumulation of these 
CD27/28-CD57+ T cells, or vice versa. To our knowledge, 
our study is the first to explore the prognostic significance of 
these cells in surgically-treated cancer patients. Our results 
suggest that patients with more than a third of their CD8+ 
T cells in the blood comprised of these cells may be at risk for 
early disease relapse after oncologic head and neck surgery. 

This information could have implications for patient counsel-
ing and shared decision making, particularly in older patients 
with a higher risk of postoperative morbidity and mortality. 
However, the relationship between age and the proportion of 
these cells in the peripheral blood was not as striking as we had 
expected, with our results showing a statistically significant but 
overall modest increase in patients over age 75.

He and Sharpless describe cellular senescence as “a stress- 
induced, durable cell-cycle arrest of previously replicative 
cells”.25 Numerous studies and review articles refer to CD27/28- 

Figure 5. CD27/28-CD57+ T cells secrete high amounts of cytolytic enzymes and cytokines upon stimulation. (a) Granzyme B expression among T cell subsets in the 
peripheral blood (left) and TIL (right). MFI, mean fluorescence intensity. (b) Perforin expression among T cell subsets in the peripheral blood (left) and TIL (right). (c) 
Representative flow plots showing baseline expression of granzyme B and perforin among CD8+ T cell subsets in the peripheral blood. (d) Box plots for surface CD107a 
expression among CD8+ T cell subsets in the peripheral blood after no treatment (control) versus treatment with PMA/ionomycin with or without GolgiPlug. (e) 
Representative flow plots of IFN-γ expression in CD8+ T cell subsets from the peripheral blood treated with PMA/ionomycin with or without GolgiPlug vs. control. (f) Box 
plots for quantification of IFN-γ expression among CD8+ T cell subsets from the peripheral blood. *p < .05, ***p < .001, ****p < .0001 by two-way ANOVA with post hoc 
Tukey analyses.
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CD57+ T cells as senescent, though primary data in support of this 
notion are limited. The idea that these cells are senescent is largely 
based on a series of experiments culturing T cells (mostly murine) 
ex vivo with tumor cells or regulatory T cells, which forces the cells 
to lose CD28 and gain senescence markers including p16 and β- 
gal.15,40–44 The loss of CD28 and gain of CD57 upon chronic 
antigen stimulation is a phenomenon that occurs in T cells from 
humans and other primates, but not in mice17; thus, murine T cells 
may not be the best system for studying the phenotype of CD27/ 
28-CD57+ T cells. To our knowledge, there is a lack of any data 
showing that CD27/28-CD57+ T cells taken directly from 
a human cancer patient (from blood or the TME, where tumor 
cells and regulatory T cells are present) are enriched for these 
markers. Experiments showing inability of CFSE-labeled, anti- 
CD3-treated CD27/28-CD57+ T cells to proliferate have been 
described.17,45 However, Chong et al. demonstrated that CFSE 
dye is toxic to these cells, which are clearly able to proliferate 
when cultured with IL-2.16 More recently, a study of CD28- 
CD57+ CD8+ T cells from blood samples of patients seropositive 
for HIV and CMV showed that these cells also proliferate well 
upon exposure to IL-15.23 We also found that these cells are able to 
proliferate reasonably well when cultured with IL-2 or IL-15. 
Taken together, data from our study and others16,18,23 clearly 
show that CD27/28-CD57+ T cells are able to proliferate (i.e., are 

not senescent) when cultured under the right conditions. In light 
of these findings and other definitive experiments in the 
literature,17 we posit that these cells should not be called “senes-
cent” T cells. Similarly, the term “immunosenescence” should not 
be used to refer to all aspects of immune aging.

Our study has some limitations. There are numerous assays 
to assess cellular senescence, and we could not perform all of 
them in this study. However, by the strictest definition, i.e., 
inability to divide/proliferate, our experiments suggest that 
these T cells are not senescent. Although our work confirms 
increased expression of perforin and granzymes in addition to 
increased CD107a expression suggesting that CD27/28-CD57+ 
T cells have enhanced cytolytic potential, we have not been able 
to directly demonstrate cytolysis of target cells. True compar-
ison of cytolytic capacity among CD27/28-CD57+ cells and 
their CD27/28+ counterparts is challenging without neoanti-
gen-specific, HLA-matched tumor cells to culture along with 
the above T cell subsets for a given patient. Although we have 
been trying to create cell lines from tumor tissue so that they 
can be cultured along with sorted T cells, this has been techni-
cally challenging. A prior study using CD28-negative T cells 
from HNSCC patients with partially HLA-matched tumor cell 
lines showed that these T cells are capable of killing tumor 
cells.46 Our prognostic data thus far are limited by short follow- 

Figure 6. CD27/28-CD57+ T cells are a subset of TEMRA cells. (a) Representative flow plots for CD45RA and CCR7 expression among CD8+ T cell subsets from the 
peripheral blood. (b) Quantification of TEMRA cells (CD45RA+CCR7-) among CD8+ T cell subsets from the peripheral blood. Data represent mean ± one SD. Data represent 
4 independent experiments with PBMCs from a total of 10 individual patients. ****p < .0001 by student’s t test.

Figure 7. CD27/28-CD57+ T cells are associated with early locoregional disease relapse in surgically-treated HNSCC. We performed a receiver operating curve (ROC) 
analysis (a) comparing the proportion of CD8+ T cells in the blood that are CD27/28-CD57+ versus the incidence of locoregional (LR) recurrence within 6 months after 
surgery. After selecting 34% as the cutoff with 80% sensitivity and specificity for LR recurrence, we then found that patients with > 34% of these cells within the 
peripheral blood were more likely to have LR disease recurrence within 6 months (b). On Kaplan-Meier analysis, patients with > 34% of these cells within the peripheral 
blood (red) had significantly lower locoregional disease control (c). AUC, area under the curve; OR, odds ratio.
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up. Long-term follow-up and multivariate analyses are needed 
to determine whether the proportion of CD27/28-CD57+ CD8 
+ T cells in the blood can be used as an independent predictor 
of treatment response and survival outcomes in HNSCC. 
Finally, the potential mechanism by which these cells may 
have a detrimental effect on prognosis is unclear. Our prolif-
eration data suggest that the CD27/28-CD57+ cells may have 
inhibitory effects on some of the effector functions of CD27/28 
+ T cells; however, these data are not sufficient to draw defi-
nitive conclusions. It is also possible that these cells are simply 
bystander cells specific for chronic viral antigens, causing det-
rimental effects simply by outnumbering the effector T cells 
available for anti-tumor immunity. Our ongoing studies will 
attempt to answer these important questions.

These cells also appear to be associated with advanced dis-
ease stage. Whether these CD28-negative TEMRA cells contri-
bute to the pathogenesis of cancer, or conversely, whether they 
accumulate as a result of aggressive cancer with chronic antigen 
stimulation, is unclear. Further, conflicting results seen in stu-
dies on the effects of these cells on prognosis and treatment 
response6-8 suggest that the role of these cells may be cancer- 
and context-specific. Additional human studies are needed in 
a variety of cancer types, and such studies should attempt to 
adjust for important clinical variables, including age, sex, race/ 
ethnicity, and disease characteristics including stage, treatment, 
and the presence or absence of high-risk features.
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