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Abstract
Epidemiological evidence points to a link between insulin resistance (IR) and breast cancer (BrCA). Insulin plays a role in CD8+
Tcells (CD8T) differentiation and function and affects adipocytokines levels. CD8Tactivity in BrCA is associated with favorable
outcome; while PD1 and TIM3 are markers of CD8T exhaustion and play critical roles in the negative regulation of T cell
responses. Patients with (BrCA) have high expression levels of PD1 on circulating. Therefore, we hypothesized that BrCA and
IR could affect PD1 and/or TIM3 expression on circulating CD8T. We determine PD1 and TIM3 expression on CD8T and
analyze the relationship of CD8T phenotype with serum insulin and plasma adipocytokines levels in the different groups. We
enrolled four groups of treatment-naive patients: women without neoplasms (Neo-)/without IR (IR-), Neo−/with IR (IR+), BrCa/
IR- and BrCa/IR+. We found interactions between BrCA and IR with respect to TIM3 on naïve and central memory (CM) CD8T
subsets. Furthermore, BrCA had a greater PD1 + TIM3- CD8T frequency in CD8T subsets than Neo-. IR+ presented a signif-
icantly lower PD1 + TIM3- frequency in CD8Tsubsets compare to Non-IR. In addition, we found a negative correlation between
insulin levels, HOMA and frequency of PD1 + TIM3- in CD8T and a positive correlation between adiponectin levels and the
frequency PD1 + TIM3- in CD8T. The increased expression of PD1 on different subsets of CD8T from BrCa patients is
consistent with immunological tolerance, whereas IR has a contrary effect. IR could have a deleterious role in the activation
of CD8T that can be relevant to new BrCa immunotherapy.
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Introduction

Breast cancer (BrCA) is the most frequent malignancy in
women which impacts over 1.5 million of women each year
and is the leading cause of cancer-related deaths among wom-
en in the world accounting for 570,000 deaths in 2015 [1].
Recent epidemiological evidence points to a link between in-
sulin resistance (IR) and BrCA, some of these studies have
shown that IR is a risk factor in BrCA patients and that it can
be used as a prognostic factor for these patients [2–4].
However, the potential pathophysiological mechanisms of this
association are not fully understood, but hyperinsulinemia,
which is often a driver and consequence of IR [5], has been
identified as a potential factor that participates in BrCA initi-
ation and progression by multiple mechanisms [6]. Insulin
alters adipocytokines concentration; it decreases adiponectin
levels [7] and stimulates leptin synthesis and secretion [8]. It is
known that these adipocytokines influence the progress of the
tumor and have effects in T lymphocytes [9]. Nevertheless,
little is known about the effects of insulin or IR on CD8 T
cells, which have a crucial role in the prevention and control of
BrCA [10, 11]. Recently a study in a murinemodel has proven
that the silencing of the insulin receptor impairs selective T
cell functions causing a decrease of CD8 T cells cytotoxicity
in response to alloantigens [12]. Furthermore, Tregs from vis-
ceral adipose tissue (VAT) of diet-induced obese mice with IR
have a significant reduction in IL10 expression at mRNA and
protein level. This effect could be mediate by the high level in
insulin in this model [13]. This panorama indicates that
hyperinsulinemia and IR can influence activation and differ-
entiation of immune cell populations. On the other hand, it
was observed that in children with diabetes type one, the per-
centage of PD1+ (Programmed cell death protein 1) CD8 T
cells is altered before and after 4–6 months of insulin therapy
[14]. PD1 is a member of the B7 / CD28 family that inhibits T
cell proliferation and production of interferon-γ (IFN-γ), tu-
mor necrosis factor-α (TNFα) and IL-2 and reduces T cell
survival through binding to ligands, PD-L1 or PD-L2 [15,
16], regulating the balance between T cell activation, toler-
ance, autoimmune diseases and cancer immune escape [17].
During responses to chronic pathogens and tumors, PD1 ex-
pression can limit antigen specific protective immunity [18].
For example, PD-1 expression in the tumor infiltrating lym-
phocytes (TIL) of BrCA patients is associated with lower sur-
vival and correlates with poor prognostic factors such as larger
tumor size, high histological grade and triple negative types
[19, 20]. In addition, expression of PD1 on CD8 T cells of
peripheral blood of patients with BrCA in the early stages is
higher than in patients with benign lesions [21]. In fact, PD-1
expression is a hallmark of Bexhausted^ Tcells in conjunction
with other molecules like TIM3 (T cell immunoglobulin and
mucin domain 3). This phenotype is common in other tolerant
cells of immune system [15, 22, 23]. In melanoma, it has been

reported that PD1 + TIM3+ CD8 T cells are more dysfunc-
tional than cells expressing only PD1+ [24]. In contrast to
PD1 that has always an inhibitory effect, TIM3 has been re-
ported to be bifunctional, acting as either inhibitor or as acti-
vator, depending on the cell context [25]. However, it is not
known if this phenotype is overexpressed in BrCa patients and
if RI can increase or counteract it. Therefore, in this study we
evaluated in peripheral blood CD8 T cells from patients with
BrCA and/or IR, the expression of PD1 and/or TIM3, individ-
ually and in conglomerate.

Materials and Methods

Study Population

We analyzed 31 treatment-naïve BrCA patients (16 without IR
(Non-IR) and 15 with IR (IR+)) and 34 women without neo-
plasms (Neo-) (17 Non-IR and 17 IR+). The clinical data of
the individuals that participated in this study are summarized
in Table 1. Women with diabetes or known comorbidities
(autoimmune disease, viral infections, hyperthyroidism, hypo-
thyroidism, acute infectious process) were excluded. We ob-
tained 20 mL of fasting venous blood to analyze glucose,
insulin, leptin, adiponectin, hematic biometry and expression
of PD1 and TIM3 on CD8 T cells.

Glucose, Insulin, IR and Adipocytokines
Determination

Fasting glucose and insulin levels were determined in the
Central Laboratory of General Hospital of Mexico BDr.
Eduardo Liceaga^, Mexico City. Serum glucose and insulin
were determined in fresh by measurement of rate oxygen con-
sumption with LX-20 and LX-20 PRO equipment and by
using the paramagnetic particle chemiluminescent immunoas-
say Beckman Coulter Access Ultrasensitive Insulin Reagent,
respectively. The cut-off score to define IR was homeostasis
model assessment (HOMA-IR) >2.5. The plasma for
adiponectin, and leptin was stored at −80 °C until its determi-
nation with BioVendor’s human ELISA and PEPROTECH’s
human ELISA commercial kits, respectively.

Flow Cytometry

Peripheral blood mononuclear cells (PBMCs) were separated by
density gradient centrifugation with Histopaque®-1077 (Sigma)
and immediately subjected to flow cytometry analysis. All ex-
periments were performed using fresh cells. PBMCs were
stained with the following fluorochrome-conjugated monoclonal
antibodies: CD3-FITC (clone OKT3), CD8-Alexa 700 (clone
Hit88a), CD45RA-PeCy5 (clone HI100), CCR7-PECy7, (clone
G043H7), TIM3-PE (clone F38-2E2), PD1-APC (clone
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EH12.2H7); all antibodies from Biolegend. Data acquisition was
performed with cytometer BD FACScantoII, the data were proc-
essedwith FACSDivaVersion 6.1.3. Gating strategy can be seen
in Online Resource 1.

Statistical Analysis

The sample size calculation was carried out in the R program
using the balanced one-way analysis of variance power calcu-
lation, using a 0.05 type I error probability, a 0.8 type II error
probability and an effect size of 0.57. The effect size was
obtained from PD1mean fluorescence intensity (MFI) graphic

between control and BrCA groups from Poschke’s et al. article
(2012) [21]. The result of the sample size calculation was 9
subjects per group. The normal distribution and homoscedas-
ticity were evaluated by the Kolmogorov-Smirnov and
Levene tests, respectively. Comparisons of means and fre-
quencies from Table 1 were performed with the Student’s t
tests or one-way ANOVA and χ2 test, respectively.
Differences between groups were analyzed using two-way
ANOVA (factor 1: BrCA, present or absent; factor 2: IR, pres-
ent or absent) or the generalized linear model gamma function.
One-way ANOVA and Tuckey analysis were used to compare
different groups in case an interaction between the two factors

Table 1 General women and
tumor characteristics Characteristics Neo- Neo- BrCA BrCA

Non- IR IR Non-IR IR
n = 17 n = 17 n = 16 n = 15

Age ± SD 52 ± 9 51 ± 7 49 ± 9 49 ± 7

TNM classification

Stage II NA NA 3 4

Stage III NA NA 9 8

Stage IV NA NA 4 3

Tumor diameter cm ± SD

Stage II NA NA 2.3 ± 1 2.9 ± 0.2

Stage III NA NA 8.3 ± 3.8 7.6 ± 3.8

Stage IV NA NA 9.0 ± 3.1 8.9 ± 3.8

Histological grade

G1 NA NA 1 1

G2 NA NA 11 6

G3 NA NA 3 4

No Data 1 4

Histological type

Ductal NA NA 14 14

Lobular NA NA 1 1

Mixed NA NA 1 0

Molecular Classification

No data NA NA 1 1

Luminal A NA NA 4 2

Luminal B NA NA 8 9

Her2-neu NA NA 2 2

Triple Negative NA NA 1 1

IMC 27.2 ± 3.7a 32.6 ± 5.3b 28.1 ± 4.8ab 32.5 ± 6.5b

Postmenopausal 11 9 7 6

With Metabolic Syndrome 1 10 0 10

Hypertension 2 3 3 5

Triglycerides ≥ 150 mg/dl 6 9 6 10

HDL Cholesterol < 39 mg/dl 8 7 1 4

Obesity 4 13 8 10

Quantitative variables are described as means and ± standard deviations (SD) and qualitative variables are defined
as frequencies

Neo-: women without neoplasms, BrCA: Breast cancer patients, Non-IR: non-insulin resistant, IR: insulin resis-
tant, NA: does not apply. Different letters indicate significant differences between groups (p < 0.05)

Interaction of Breast Cancer and Insulin Resistance on PD1 and TIM3 Expression in Peripheral Blood CD8 T... 1235



was observed. Correlations were calculated with the
Spearman or Pearson correlation coefficient. Subsequently,
Principal Component Analysis (PCA) was done using immu-
nological variables that were found to be significant in the
one-factor ANOVA to determine possible clusters. Next, the
scores of the first principal components were clustered using a
Fuzzy C-Means (FCM) clustering. Additionally, simple cor-
respondence analysis (CA) was performed in order to better
visualize the association between the computed immunologi-
cal clusters and the groups of Neo- and BrCA patients, IR+ or
Non-IR. Finally, we analyzed immunological clusters to de-
termine any possible relationships between the immunologi-
cal variables of the subjects. SPSS v.21.0 software and R
Statistical Software v.3.4. were used and statistical signifi-
cance was set at p < 0.05 for all tests.

Results

CD8 T Cell Subsets Proportions Are Modified
in Patients with Breast Cancer

CD8 T cells were divided into four subsets based on CCR7
and CD45RA markers: Naïve (Naïve, CCR7 + CD45RA+),
Central memory (CM, CCR7 + CD45RA-), Effector
Memory (EM, CCR7-CD45RA-) and terminally differentiat-
ed memory cells (TEMRA, CCR7-CD45RA+) were identi-
fied using the method described in materials and methods.
When analyzing the frequencies of these subsets by two-way
ANOVA, no interaction was detected between BrCA and IR.
However, as reported before, BrCA patients had significantly
lower percentage of Naïve CD8 T cells (p = 0.005) and
higher frequency of EM (p = 0.002) and TEMRA CD8 T
cells (p = 0.001) than Neo- [21] (Fig. 1). In contrast, no
difference was detected when comparing IR+ and Non-IR.
It is known that CD8 T cell subsets are inherently different
in the expression of inhibitory receptors, which are tightly
linked to the differentiation status, and this link is present

in healthy immune homeostasis; for instance, PD1 is par-
ticularly expressed in EM and TEMRA cells, while TIM3
is mainly present on naïve T cells [26]. We found PD1
expression on CM, EM and TEMRA populations, TIM3
expression on Naïve and on the CM groups, and co-
expression of PD1 and TIM3 in the CM subsets. Because
patients with cancer have a lower frequency of Naïve and a
higher frequency of EM and TEMRA cells, correlations
were made between the percentage of this subsets, the
percentage of the different subpopulations within the sub-
sets (PD1 + TIM3-, PD1-TIM3, PD1 + TIM3+, PD1-
TIM3-) and the expression of PD1 and TIM3 within the
subsets. We took into consideration the correlation found
between Naïve cells percentage and Naïve TIM3 expres-
sion (r = 0.4, p = 0.002) for the subsequent comparative
analysis.

Interactions between Breast Cancer and Insulin
Resistance Were Observed in TIM3 Expression
on Naïve and CM CD8 T Cells Subsets

A generalized linear model for TIM3 expression on Naïve
CD8 T cells revealed an interaction between BrCA and IR
(p = 0.04). In Neo- group, Post-hoc Tuckey analysis showed
that Non-IR have less TIM3 expression on Naïve CD8 T cells
than IR+ (p = 0.01). BrCA patients Non-IR or IR+ have less
expression than Neo-, (p = 0.001, p < 0.001 respectively) but
there was no difference between IR+ and Non-IR in BrCA
patients (Fig. 2). We also found that there is no overall effect
of either BrCA or IR factors for TIM3 expression in CM PD1-
TIM3 + T CD8 cells, but there is a significant crossover inter-
action (p = 0.02), suggesting that the effect of IR on TIM3
expression is inverse, depending on BrCA presence or ab-
sence. We didn’t find any other interaction between BrCA
and IR in the rest of the variables analyzed, percentage of
the distinct subpopulations (PD1 + TIM3-, PD1-TIM3,
PD1 + TIM3+, PD1-TIM3-) or expression of PD1 and TIM3
in CD8 T cells subsets.

Fig. 1 BrCA patients had significantly lower percentage of
Naïve CD8 T cells subsets and a higher frequency of EM
CD8 T cells subsets. Frequency of Naïve, CM, EM and

TEMRA CD8 T cell subsets in breast cancer patients (BrCA)
and women without neoplasms (Neo-)
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Breast Cancer and Insulin Resistance Induce Changes
in the Frequency of CD8 T Cells Expressing TIM3
and PD1

As we mention above, we found TIM3 expression on Naïve
(Fig. 3a) and CM (Fig. 3b) subsets. Unexpectedly, BrCA pa-
tients had a lower percentage of PD1-TIM3 + CD8 T cells in
these subsets compared with Neo- (p = 0.003). BrCA patients
had greater PD1 + TIM3-CD8 T cell frequency in CM (p =
0.004, Fig. 4a), EM(p < 0.001, Fig. 4b) and TEMRA(p =
0.006, Fig. 4c) CD8 T cells subsets than Neo-. By contrast,
IR+ women present a lower frequency than Non-IR (CM p =
0.036, EM p < 0.001, TEMRA p = 0.005, Fig. 4d-f).
Furthermore, PD1-TIM3- frequency was lower in BrCA than
in Neo- in EM (p < 0.001) and TEMRA (p < 0.001) subsets,
whereas it was higher in IR+ than Non-IR women (p = 0.001,
p = 0.05 respectively). In Naïve and CM subsets, the percent-
age of PD1-TIM3- is higher in IR+ than in Non-IR (p = 0.03,
p = 0.02 respectively).

Insulin Concentration and HOMA Are Associated
with the Frequency of PD1 + TIM3- CD8 T
Lymphocytes, Adiponectin and Leptin Concentration

As we observed that CD8 T cells percentage expressing PD1
in IR+ is lower than Non-IR regardless of the presence or
absence of BrCA, and hyperinsulinemia is often both a result
and a driver of IR, we hypothesized that insulin levels and
HOMA could be related with the percentage of CD8 T cells
expressing PD1. We found a negative correlation between
insulin levels, HOMA and the frequency PD1+ TIM3- in
the EM cells (r = −0.3 p = 0.03 for both) (Fig. 5a, c) and in
the TEMRA cells (r = −0.3 p = 0.007; r = −0.3 p = 0.01
respectively) (Fig. 5b, d). We also found a negative corre-
lation between insulin levels, HOMA and adiponectin
concentration (r = −0.4 p = 0.002; r = −0.4 p = 0.003 re-
spectively) (Fig. 6a, b) and a positive correlation between
insulin levels, HOMA and leptin concentration (r = 0.4
p = 0.001 for both) (Fig. 6c, d).

Adiponectin Concentration Is Associated
with the Frequency of PD1 + TIM3- CD8 T
Lymphocytes

As we mention above insulin alters adipocytokines concentra-
tion, which have effects in T lymphocytes, so we analyze the
relation between adiponectin, leptin and the frequency of the
variables that were significantly different. We found a positive
correlation between adiponectin levels and the frequency
PD1 + TIM3- in the CM cells (r = 0.3 p = 0.007) (Fig. 7a), in
the EM cells (r = 0.3 p = 0.008) (Fig. 7c) and in the TEMRA
cells (r = 0.2, p = 0.048) (Fig. 7e). Also, we detected a nega-
tive correlation between adiponectin levels and the frequency
of PD1-TIM3- in the CM lymphocytes (r = −0.3 p = 0.02)
(Fig. 7b) and in the EM lymphocytes (r = 0.3, p = 0.008)
(Fig. 7d), but not in the TEMRA subset (r = −0.2, p = 0.05)
(Fig. 7f). By contrast no correlation was found between the
leptin concentration and the variables analyzed.

Fig. 2 Interaction between BrCa and IR for TIM3 expression on
Naïve T cells. Mean fluorescence intensity (MFI) of TIM3 on Naïve
CD8 T cells in Neo-/Non-IR, Neo-/IR, BrCa /Non-IR, BrCA/IR. White
triangle represents the mean MFI of TIM3 expression on CD8 T cells.
Vertical lines within the groups represents the range of Standar deviation
(SD). *p < 0.05**p < 0.01, ***p < 0.001

Fig. 3 PD1-TIM3+ CD8 T cells frequency is diminished in BrCA
patients. Percentage of PD1-TIM3+ in Naïve CD8 T cells(a) and in
CM CD8 T cells (b) in Neo- and BrCA. White triangle represents the

mean percentage of PD1-TIM3+ on the CD8Tcells subsets. Vertical lines
within the groups represents the range of Standard deviation (SD).
**p < 0.01
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PD1 and TIM3 Expression on CD8 T Cells
Subpopulations

We implemented a PCA to perform dimensional reduction of
five immunological variables, the same that showed significant
differences on one-factor ANOVA. Fig. 8a shows that the five

principal components explain the complete variance and two
principal components explain 80.6% of such variance.
Online Resource 2 shows variable loading and correlation coef-
ficients for principal components scores. We integrated these as
follows: First component: Percentage of PD1 +TIM3- in CM,
EM and TEMRA CD8 T cells. Second component: TIM3

Fig. 4 PD1 + TIM3- CD8 T cells frequency is increased in BrCA
patients and diminished in IR women. a-c Percentage of PD1 +
TIM3- in CM (a), EM (b) and TEMRA CD8 T cells subsets(c) of
BrCA and Neo-; (d-f) percentage of PD1 + TIM3 negative in CM (d),

EM(e), TEMRA (f) CD8 T cells subsets of IR+ and Non-IR. White
triangle represents the mean percentage of PD1 + TIM3- on the CD8 T
cells subsets. Vertical lines within the groups represents the range of
Standard deviation (SD). *p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 5 HOMA-IR and Insulin correlate with PD1+TIM3- EM and TEMRA CD8 Tcells subsets. a-b Pearson correlation between insulin and PD1+
TIM3- EM (a) and TEMRA (b) CD8 Tcell subsets; (c-d) Pearson correlation between HOMA and PD1+TIM3- EM (c) and TEMRA (d) CD8 Tcells subsets



expression on Naïve and CM PD1-TIM3+ T CD8 cells. A FCM
clustering algorithm was computed to the first two scores of
principal components, in order to form clusters according their
immunophenotypic profiles. The statistical clustering analysis
yielded six different clusters. The Fig. 8b shows that 86% of
BrCA/Non-IR are on cluster 6. Then, we applied correspondence
analysis (CA) to associate the immunological clusters with the
groups of Neo- andBrCA,Non-IR or IR+. The total Chi-squared
value of CA was 40.69 (d.f. = 15, p< 0.001), and the first two
dimensions explain 83.7% of the total inertia. According to this,
visual analysis on Fig. 8c shows that clusters 2, 3 and 6 are
associated with Neo-/IR, Neo-/Non-IR and BrCA/Non-IR, re-
spectively. Finally, subjects in cluster 3 have overexpressed
TIM3 on CM T CD8 cells that clusters 2 and 6, and in cluster
3 have higher percentage of PD1 negative TIM3 positive in
Naïve and CM CD8 T cells that cluster 6 as shown in the table
(Online Resource 3).

Discussion

In this study we found that both cancer and IR either together or
separately have an effect on the different CD8 T subsets. We
found that BrCA patients have a higher percentage of TEMRA

and EM cells and a lower percentage of Naïve cells in peripheral
blood; these are in accordance with results of previous studies
made in early stages of BrCA [21] as in head and neck cancer
[27]. Interestingly, Poshke et al. (2012) reported that the subset
composition observed in peripheral blood of BrCa partially
reflected the situation in tumor and that the pronounced tumor-
induced T cell differentiation may be due to cytokine-driven
expansion of the memory subsets in view of the low tumor
antigen-specific T cell frequencies observed [21]. Furthermore,
studies in head and neck cancer patients suggest that lower thy-
mic output combined with rapid turnover of Naïve CD8 T cells
account for altered lymphocyte homeostasis [27]. On the other
hand, we found in IR+ no differences in CD8 T subsets, as
reported by Fischer et al., probably because they are mostly
Naïve and do not express the insulin receptor, but they start to
upregulate it briefly after stimulation [12].

To our knowledge, the interaction between cancer and IR
on CD8 T cells has not been fully explored. Remarkably, we
found that TIM3 expression on Naïve CD8 T cells is lower in
Neo-/IR+ and in BrCA Non-IR or IR+ than in Neo-/Non-IR
and that the effect of IR on TIM3 expression on CM PD1-
TIM3+ CD8 T cells may be inverse, depending on the pres-
ence or absence of BrCA. Although TIM3 is one of the most
important molecules that mediate T cell exhaustion [28] and
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its expression on circulating CD8 T cells has been associated
with advanced tumor stage, metastasis, and high tumor grade
[29–31], TIM3 function on CD8 T cells is still controversial.
Actually, in murine model TIM3 may enhance activation of
antigen-specific T cells both during acute stimulation and
within the memory compartment. Moreover, in the setting of
TIM3-KO mice, there are fewer T cells getting initially acti-
vated, with poor memory recall response in both the acute and
chronic setting [32]. Several studies have demonstrated that
TIM3 function varies depending on the circumstance [25],
and TIM3 can also promote T cell responses [33–35].
Furthermore, the crossover interaction observed in this study
between BrCA and IR on TIM3 expression on CM CD8 T
cells, strengthens the theory that the role of TIM3 varies ac-
cording to the context. Taken together, we suggest that this

decrease in TIM3 expression is related with increased risk of
developing BrCA in insulin resistant women probably by two
potential mechanisms: i) CD8 T cells couldn’t respond ade-
quately to activation, or reactivation due to the diminution of
TIM3 ii) or TIM3 reduction in these subsets could be associ-
ated with the development of chronic inflammation. In accor-
dance with the second mechanism, it is known that CD8+ T
cells are crucially involved in initiating inflammatory cascades
in obese adipose tissue [36]. In addition, it is known that
chronic inflammation has been associated with cancer risk
and development [37, 38].

Unexpectedly, our study in circulating CD8 T cells revealed
a decrease in TIM3 expression in Naïve subpopulations, and a
reduction in the frequency of PD1-TIM3+ populations within
Naïve and CM subsets in BrCA patients compare with Neo-.

Fig. 7 Adiponectin correlates with PD1 + TIM3- and PD1-TIM3- in
CD8 T cell subsets. a,c,e Pearson correlation between adiponectin and
PD1 + TIM3- CM(a), EM(c) and TEMRA(e) CD8 T cell subsets; (b,d,f)

Pearson correlation between adiponectin and PD1-TIM3- CM(b) EM(d)
and TEMRA(f) CD8 T cells subsets
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Usually cancer patients express more TIM3 than controls
[29–31], maybe the decline of TIM3 expression could be attrib-
uted to the higher frequency of Naïve Tcells in controls since its
expression correlates positively with this percentage. In addi-
tion, it is important to considerate that in the studies where they
found an increased percentage of TIM3+ CD8 Tcells in cancer
patients, they evaluated TIM3 on circulating CD8 T lympho-
cytes in cancer patients surgically treated or with a higher fre-
quency of positive drinking history than controls [29–31].
While in our study, we evaluated treatment-naive cancer pa-
tients without a reported drinking history.

We also observed that PD1 + TIM3-CD8Tcells within CM,
EM and TEMRA subsets were lower in IR+ and that there was
a negative correlation between HOMA, insulin concentration
and PD1 + TIM3- EM and TEMRA frequencies. These results
suggest that high insulin levels can be related with an inflam-
matory state. According to results of a study performed in a
murine model of diet-induced obesity with hyperinsulinemia
and IR, Tregs had a significant reduction in IL-10 mRNA, a
diminution of IL-10 production and an increase in IFNγ ex-
pression compared with normal mice [13]. Moreover, in a mu-
rine model, silencing of insulin receptor caused decrease of
CD8 T cell cytotoxicity and reduced proliferation, suggesting
that insulin receptor was necessary for full T cell activity in a
physiological situation [12]. This impaired function could be
related with a higher expression of PD1 as in our study when
insulin levels are reduced, PD1+ populations are elevated.
Meanwhile, children with type one diabetes failed to upregulate
PD1 upon circulating CD8 T cell receptor stimulation and 4–
6 months after insulin therapy PD1 normalizes [14].
Interestingly, PD1 alters T cell metabolic reprograming by
inhibiting glycolysis and promoting lipolysis and fatty acid ox-
idation [39]. In contrast, insulin promotes glycolysis and

inhibits lipolysis and fatty acid oxidation. Based on this premise
the negative correlation that we found between insulin concen-
tration and PD1 + TIM3- CD8 T cells could result from the
contrary effects of PD1 and insulin. It is interesting to note that
a correlation was observed between HOMA and PD1 + TIM3-
CD8 T cells frequency, although no relationship was observed
between glucose levels and this subpopulation frequency.

In addition, we found a negative correlation between insu-
lin levels, HOMA and adiponectin concentration and a posi-
tive correlation between insulin levels, HOMA and leptin con-
centration. These outcomes are in accordance with results of
previous studies made in diet-induced insulin resistance mice
[40] in the case of adiponectin and in accordance with results
of previous studies made in Healthy North Indian Population
[41] as in morbid obesity women [42] in the case of leptin.
Furthermore, we detected a positive correlation between
adiponectin levels and the frequency PD1 + TIM3- in the
CM, EM and TEMRAT CD8 cells and a negative correlation
between adiponectin levels and the frequency of PD1-TIM3-
in the CM and EM lymphocytes. Suggesting that insulin could
be related with PD1 + TIM3- and PD1-TIM3- frequencies by
modulating the levels of some adipocytokines. It is known that
adiponectin is implicated in the regulation of immune re-
sponses. Adiponectin has anti-inflammatory properties and
several data suggest that adiponectin is a negative T cell reg-
ulator [43]. Notably, adiponectin treated dendric cells showed
an increase in the expression of PD-L1 compared to untreated
cells. In co-culture experiments of T cells and adiponectin-
treated dendritic cells, a reduction in T cells proliferation and
IL-2 production and a higher percentage of CD4 + CD25 +
Foxp3+ Treg cells was observed [43, 44].

By contrast, although insulin stimulates leptin synthesis
and secretion and this adipocytokine is able to regulate the

Fig. 8 Conglomerate analysis of PD1 and TIM3 on different
subpopulations of CD8 T cells from Neo- and BrCa, Non-IR or IR+
shows that the first two components explains most of the variance. a
Contribution of principal components to total variance of the
immunophenotypes variables. The first two components explains
80.60% of total variance. b The biplot shows the distribution of the
subjects according to two first principal components and analysis by

clusters. Cluster 2 has 67% of Neo-/IR+, cluster 3 has 75% of Neo-/
Non-IR and cluster 6 has 86% of BrCA/Non-IR. c The ordination
diagrams shows the associations between the computed immunological
clusters and the groups of Neo- and BrCA, IR+ or Non-IR. The dimen-
sions 1 and 2 explain 52.9% and 30.8% of the inertia, respectively. PCA
and Fuzzy C-Means clustering were applied with the R package
FactoMineR, Factoextra and Ppclust
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secretion of several cytokines from peripheral CD8 T cells
[45], we didn’t find any correlation between leptin levels
and the percentage of PD1 + TIM3- nor PD1-TIM3-. Maybe
this lack of association is related to a state of leptin resistance
associated with obesity.

Taking together, it is reasonable to think that PD1 diminution
within populations could be associated with BrCA progression,
perhaps by promoting chronic inflammation, which is associat-
ed with cancer risk and development. In addition, was notable
that most of BrCA/Non-IR were well differentiated by PCA but
this conglomerated immunoprofile is lost when IR is present.

Further studies evaluating the function of CD8 T cells of
each group used, as well as studies examining the possible
mechanisms that leads to PD1 diminution in IR individuals,
will be necessary to fully characterize changes in CD8 T cells
of BrCA patients and/or IR.

In conclusion, our results show that both BrCA and IR,
independently or in conjunction can affect co-inhibitory re-
ceptors on circulating CD8 T cells. The decrement in PD1+
and TIM3+ CD8 T cells populations in IR+ could be related
with BrCA progression by participating in chronic inflamma-
tion or by CD8 T cell activation impairment in case of TIM3.
Furthermore, our study suggests that insulin has an important
role in CD8 T cell modulation that could be related with its
regulation of adipocytokines. Finally, this study provides a
novel association among BrCA, IR and immune system that
needs further research for a better understanding. New thera-
peutic approaches like anti-inflammatory therapy could be
developed to treat BrCA patients with IR.
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