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RÉSUMÉ

Expression des marqueurs CD8, CD68 et HER2 
dans le carcinome du sein chez diabétiques

Introduction.  Le diabète de type 2 (DT2) est recon-
nu comme un facteur de risque de cancer du sein, 
influençant potentiellement l’agressivité tumorale et 
la réponse immunitaire via le microenvironnement 
tumoral (MET).
L’objectif de l’étude a  été d’évaluer l’expression de 
marqueurs immunitaires tels que CD8, CD68 et le 
récepteur HER2/neu dans le MET du carcinome mam-
maire invasif chez les patientes diabétiques par rapport 
aux patientes non diabétiques.
Materiel et méthodes.  L’étude a inclus des patien-
tes atteintes d’un carcinome mammaire invasif, dia-
bétiques (n = 29) et non diabétiques (n = 43), dans 
l’Institut d’Oncologie de la République de Moldova, 
pendant 2018-2020. L’analyse immunohistochimique 
(IHC) a évalué l’expression des marqueurs CD8, CD68 
et HER2/neu. L’analyse statistique a porté sur la moy-
enne, la médiane et les associations avec les caractéris-
tiques clinicopathologiques. 

ABSTRACT

Introduction.  Type 2 diabetes mellitus (T2DM) is rec-
ognized as a risk factor for breast cancer, potentially 
influencing tumour aggressiveness and immune re-
sponse through the tumour microenvironment (TME).
The objective of the study  was to evaluate the ex-
pression of immune markers such as CD8, CD68 and 
HER2/neu receptor in the TME of invasive breast car-
cinoma in diabetes compared to non-diabetes patients.
Material and methods.  The study included inva-
sive breast carcinoma patients with T2DM (n=29) 
and without T2DM (n=43), from the Oncological 
Institute of Republic of Moldova, between 2018–
2020. Immunohistochemical (IHC) analysis evaluated 
the expression of CD8, CD68, HER2/neu markers. 
Statistical analysis aimed the mean, median and asso-
ciations with clinicopathological features. 
Results.  In patients with T2DM, the TME showed 
a significantly lower density of intratumoural CD8+ 
T lymphocytes (mean 15.2 vs 17.5 in non-diabetics, 
p=0.0005) and a significantly higher infiltration of 
intratumoural CD68+ macrophages (mean 10.61 vs 
9.5 in non-diabetics, p=0.02). Although overall HER2 
expression was comparable between the groups, 
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Résultats.  Chez les patients atteints de DT2, le TME 
a montré une densité significativement plus faible de 
lymphocytes T CD8+ intratumoraux (moyenne de 15,2 
contre 17,5 chez les non-diabétiques, p = 0,0005) et 
une infiltration significativement plus élevée de mac-
rophages CD68+ intratumoraux (moyenne de 10,61 
contre 9,5 chez les non-diabétiques, p = 0,02). Bien 
que l’expression globale de HER2 ait été comparable 
entre les groupes, l’analyse de corrélation a révélé des 
associations significatives spécifiques au diabète. Dans 
la cohorte DT2, les cellules CD8+ intratumorales 
étaient positivement corrélées à l’invasion périneurale 
(r = 0,42, p = 0,01), et les macrophages CD68+ intratu-
moraux étaient fortement corrélés à l’extension gangli-
onnaire (pN) (r = 0,42, p = 0,01).
Conclusions.  Le DT2 induit des altérations signifi-
catives des populations de cellules immunitaires et 
des interactions moléculaires au sein du TME du 
carcinome du sein. Ces modifications spécifiques au 
diabète suggèrent une biologie tumorale distincte, 
soulignant la nécessité de stratégies thérapeutiques 
personnalisées chez les patientes diabétiques atteintes 
d’un cancer du sein.

Mots-clés:  HER2/neu, microenvironnement tumor-
al, diabète de type 2, carcinome du sein

correlation analysis revealed significant, diabetes-spe-
cific associations. In the T2DM cohort, intratumoural 
CD8+ cells positively correlated with perineural inva-
sion (r=0.42, p=0.01), and intratumoural CD68+ mac-
rophages strongly correlated with nodal extension (pN) 
(r=0.42, p=0.01). 
Conclusions.  T2DM induces significant alterations in 
immune cell populations and molecular interactions 
within the breast carcinoma TME. These diabetes-spe-
cific changes suggest distinct tumour biology, empha-
sizing the necessity for personalized therapeutic strate-
gies in diabetes patients with breast cancer.

Keywords:  HER2/neu, tumour microenvironment, 
type 2 diabetes mellitus, breast carcinoma.

List of abbreviations: 
AGE = advanced glycation end-products
CD = cluster of differentiation
CD8it = intratumoural CD8+ T lymphocytes
CD8pt = peritumoural CD8+ T lymphocytes
CD68it = intratumoural CD68+ macrophages
CD68pt = peritumoural CD68+ macrophages
DAB = 3,3′-diaminobenzidine
HE = hematoxylin-eosin
HER2/neu = human epidermal growth factor recep-
tor 2
IHC = immunohistochemistry
IGF-1 = insulin-like growth factor 1
M1 = classically activated macrophage phenotype
M2 = alternatively activated macrophage phenotype
NF-κB = nuclear factor kappa-light-chain-enhancer of 
activated B cells
NK cells = natural Killer cells
NST = no special type (ductal carcinoma)
pM = distant metastases status (TNM classification)
pN = regional lymph node status (TNM classification)
pT = primary tumour size/extent (TNM classification)
PnI = perineural invasion
RAGE – receptor for advanced glycation end-products
SD = standard deviation
STAT3 = signal transducer and activator of transcrip-
tion 3
T2DM = type 2 diabetes mellitus
TAMs = tumour-associated macrophages
TCR = T cell receptor
TME = tumour microenvironment 
WHO = World Health Organization
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INTRODUCTION

Breast cancer is a major global public health con-
cern, representing the most common malignancy in 
women and one of the leading causes of cancer-related 
mortality. Its incidence continues to rise worldwide, 
with multifactorial and interrelated risk factors, in-
cluding genetic predisposition, hormonal influences, 
lifestyle behaviors, and comorbidities. According to 
GLOBOCAN 2018 and 2022 estimates, breast cancer 
accounts for more than 2.3 million new cases and 
nearly 685,000 deaths annually, underscoring not 
only its medical relevance but also its substantial so-
cioeconomic impact on healthcare systems and socie-
ties worldwide1–3. Among various risk factors, type 2 
diabetes mellitus (T2DM) has been recognized as an 
independent risk factor for the development of breast 
cancer, also being associated with a poorer prognosis 
and increased tumour aggressiveness4. Diabetic wom-
en face a 20–27% higher risk of developing breast 
cancer, and this comorbidity is linked to higher recur-
rence and mortality rates5.

The tumour microenvironment (TME) plays 
a crucial role in the initiation, progression, and re-
sponse to therapy of breast cancer5. It is a complex 
ecosystem composed of cancer cells, stromal cells 
(including fibroblasts, endothelial cells), a variety of 
immune cells, and the extracellular matrix6. Dynamic 
interactions between these components modulate 
tumour growth, angiogenesis, invasion, and metas-
tasis. In the context of T2DM, systemic metabolic 
dysregulations, such as chronic hyperglycemia, hy-
perinsulinemia, insulin resistance, and low-grade 
chronic inflammation, can profoundly remodel the 
TME, influencing both cancer cells and immune 
system components. Molecular mechanisms include 
the activation of insulin/IGF-1 signaling pathways, 
which promote cell proliferation and angiogenesis5, 
and the creation of a pro-tumourigenic microenviron-
ment through the activation of pro-survival pathways 
like NF-κB and STAT3. Oxidative stress induced 
by hyperglycemia contributes to DNA damage and 
genomic instability5, and the advanced glycation 
end-products (AGE) – receptor for AGE (RAGE) axis 
is also implicated in activating pro-inflammatory and 
pro-oncogenic pathways4,5. There is growing evidence 
that metabolic alterations related to T2DM may fa-
cilitate tumour initiation and fuel evolution toward 
more aggressive phenotypes by sustaining chronic in-
flammation and immune dysregulation5,7,8.

CD8+ cytotoxic T lymphocytes are key players 
in antitumour immunity, capable of recognizing 
and destroying cancer cells, and their density in the 
TME is often correlated with a favorable prognosis9. 
Tumour-associated macrophages (TAMs), frequently 

identified by the CD68+ marker, can exhibit plastic-
ity from an antitumour M1 role to a pro-tumour M2 
role, with high M2 density associated with tumour 
progression10. The human epidermal growth factor 
receptor 2 (HER2/neu) is overexpressed in 15-20% 
of breast cancers, associated with an aggressive phe-
notype. Other immune cells like CD4+ T helper 
cells, CD3+ total T cells, CD45+ total leukocytes, 
and CD56+ natural killer (NK) cells also modulate 
the TME11. Recent studies highlight the importance 
of analyzing a broad panel of immune and stromal 
markers, as TME complexity cannot be understood 
by investigating single markers in isolation.

Evidence suggests T2DM can alter CD8+ T lym-
phocyte function 12, promote a pro-tumour pheno-
type of macrophages, and influence oncogenic sign-
aling pathways. However, the specific interactions 
among the CD8+ T cell immune infiltrate, CD68+ 
macrophages, HER2/neu expression, and an extend-
ed panel of other immune and angiogenic markers, 
in breast carcinoma patients with T2DM compared 
to non-diabetics, are still insufficiently elucidated8,12. 
Most available studies have focused on single cell 
types or limited endpoints, leaving a gap in under-
standing the comprehensive TME remodeling in dia-
betic versus non-diabetic breast cancer patients13,14.

THE OBJECTIVE OF THE STUDY was to investigate and 
compare the expression patterns of immune mark-
ers (CD8, CD68), and HER2/neu, within the TME 
of invasive breast carcinoma in patients with T2DM 
versus non-diabetic patients. The research hypothesis 
was that T2DM alters the density, distribution and 
interrelationships of these markers, contributing to 
distinct tumor biology. 

MATERIAL AND METHODS

Study design and patient selection. This de-
scriptive and retrospective study included specimens 
collected from patients diagnosed with invasive 
breast carcinoma of ductal no special  (NST) type, 
who underwent surgical treatment at the Oncological 
Institute of the Republic of Moldova between 
2018-2020. The patients did not undergo preopera-
tive chemo- or radiotherapy. Two study groups were 
formed: group I included 43 patients with breast 
carcinoma without T2DM; group II included 29 pa-
tients with breast carcinoma and T2DM. The serum 
glycemia was evaluated in all patients pre-operatively, 
fasting, in venous blood, by the colorimetric method 
(Selectra Pro XL, NL). The control group consisted of 
30 normal breast tissue samples, collected from wom-
en aged 50-86 years (who died accidentally, with ma-
terial collected within the first 24 hours post-mortem 
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from the Center of Forensic Medicine of the Republic 
of Moldova). Relevant clinicopathological data (pa-
tients’ age, histological type, grade of differentiation, 
tumour size (pT), regional lymph node status (pN), 
presence of distant metastases (pM) and perineural 
invasion (PnI) were collected from clinical observa-
tion charts and histopathological reports.

Informed consent and ethical approval. The 
study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The approval 
for the research was obtained from the Research 
Ethics Committee of the Nicolae Testemitanu State 
University of Medicine and Pharmacy of the Republic 
of Moldova (no. 7/70 of 12.11.2021). Written in-
formed consent was obtained from all participants 
prior to enrollment, and the confidentiality of per-
sonal data was strictly maintained throughout the 
study.

Tissue sample processing and histopatho-
logical analysis. Specimens were fixed in 10% buff-
ered formalin solution (pH 7.2-7.4) for 6-36 hours. 
Subsequently, selected tissue fragments were dehy-
drated in graded alcohols, cleared in xylene, and em-
bedded in paraffin (BioWax Plus 56/58, Biognost, 
HR), according to standard laboratory protocols. 
Paraffin blocks were sectioned at a thickness of 3-5 
μm using a rotary microtome (Accu-Cut® SRM™ 
200 Rotary Microtome, Sakura, JP). For initial his-
topathological diagnosis and evaluation of morpho-
logical characteristics, sections were stained with he-
matoxylin-eosin (HE). The histological type of breast 
carcinoma was determined according to the World 
Health Organization (WHO) classification ed. 5-th. 
Tumour differentiation grade was assessed using the 
Nottingham grading system (Elston-Ellis), which con-
siders tubule formation, nuclear pleomorphism, and 
mitotic activity.

Immunohistochemical analysis. Paraffin sec-
tions were immunostained for HER2/neu, CD8 and 
CD68 (Dako Autostainer Link 48). After PT Link 
deparaffinization, rehydration and heat-induced 
epitope retrieval (Table 1), mono/polyclonal anti-
bodies (Dako/Agilent) were applied. Dako detection 
systems with DAB were used. Nuclei were counter-
stained with Mayer–Lille hematoxylin. Positive and 
negative controls accompanied each run.

Evaluation of immunostaining and quantifi-
cation of markers. Two experienced pathologists 
independently performed the immunohistochemical 
evaluation using light microscopes (Olympus BX53, 
equipped with a digital camera Olympus SC180, 
integrated into the OLYMPUS cellSens dimension 
analysis system, version 4.2, JP). Image evaluation 
and quantitative analysis were performed using the 
dedicated software with the Count & Measure Full 
module. The expression of CD8 and CD68 was quan-
tified by counting positive cells in at least 10 micro-
scopic fields at 400x magnification, within the tumor 
and in the adjacent stroma. The results were reported 
as the average number of positive cells. HER2/neu ex-
pression was scored based on the updated College of 
American Pathologists/ American Society of Clinical 
Oncology guidelines, ranging from 0 to 3+. A score 
of 3+ was considered HER2-positive, while scores 
of 0, 1+, and 2+ were considered HER2-negative. 
Hybridization in situ techniques were not used.

Statistical analysis. A MS Access database 
was created (MS Access 2016) and data were ana-
lyzed (SPSS Statistics 23.0). Continuous variables 
were reported as mean±SD, median and the range. 
Group differences were determined using Welch’s 
t or Mann–Whitney U test, depending on data 
type. Associations were explored with Pearson (r) or 
Spearman coefficients (rs), interpreted as negligible 

Table 1. Summary of antibodies and IHC protocols used

Marker Clone/Code/ Source/ 
Dilution/ Incubation time

Antigen retrieval 
solution

Detection system/ Dilution / 
Incubation time

HER2/neu Polyclonal rabbit/ A0485/ 
Dako/ 1:600/ 20 min

Dako EnVision™ FLEX Target 
Retrieval Solution, Low pH (Link), 

K800521-2, (1:50, 20 min)  

Dako Real™ EnVision™ Detection 
Kit (K5007)/ 1:1000/ 30 min

CD8 C8/144B/GA62362-2/ Dako/ 
RTU/ 20 min Dako Target Retrieval Solution, 

High pH (Link), K800421-2, (1:50, 
20 min)

Dako EnVision FLEX (DM842)/
HRP/ RTU/ 20 min

CD68 KP1/M081401-2/ Dako/ 
RTU/ 20 min

Dako EnVision FLEX+, Mouse, 
High pH (K8002)/ 1:100/ 30 min

Note: Immunohistochemistry was performed using HER2/neu (polyclonal rabbit, Dako A0485, 1:600, 20 min, low pH 
retrieval), CD8 (clone C8/144B, Dako GA62362-2, RTU, 20 min, high pH retrieval), and CD68 (clone KP1, Dako M0814, 
RTU, 20 min, high pH retrieval). Detection was carried out with Dako EnVision™ FLEX or FLEX+ HRP systems, with 
incubation times ranging from 20–30 minutes. CD – cluster of differentiation; HER2/neu – human epidermal growth fac-
tor receptor 2; HRP – horseradish peroxidase; IHC – immunohistochemistry; min – minutes; pH – potential of hydrogen; 
RTU – ready to use; Dako EnVision™ FLEX – detection system based on a dextran polymer conjugated with horseradish 
peroxidase.
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(<0.12), low (0.12–0.24), moderate (0.24–0.41) or 
strong (>0.41). Significance was set at p≤0.05.

RESULTS

Expression of CD8, CD68 and HER2 in con-
trol breast tissue. CD8+ T lymphocytes demonstrat-
ed similar mean densities intraepithelially (10.8±6.7, 
median=11.5, range 2-18) and periductally (10.2±5.6, 
median=8.5, range 4-17), without significant regional 
differences (p=0.25). CD68+ cells exhibited higher 
densities in the periductal stroma (29.5±10.3, me-
dian=29, range 16-41) compared to intraepithelial 
compartments (11.8±8.1, median=12.5, range 0-24, 
p=0.03). HER2 expression was not detected in con-
trol breast tissue, consistent with expected findings 
for normal, non-pathological breast samples.

Patient cohort characteristics and tumour 
morphology. The study cohort consisted of 43 pa-
tients with invasive NST breast carcinoma without 
T2DM (mean age 63.7±6.9 years) and 29 patients 
with similar tumour and T2DM (mean age 64.5±7.9 
years). Comparative morphological analysis of tu-
mours revealed certain trends. Although the differ-
ence was not statistically significant (p=0.089), the 
mean tumour size was apparently bigger in patients 
with T2DM (2.9±2.2 cm) compared to those without 
T2DM (2.1±0.8 cm). Patients with T2DM showed 
a numerically higher, but statistically non-significant 
(p=0.35), frequency of advanced tumours. In the 
non-diabetic group, the tumour distribution was: 
pT1 in 23 cases (53.5%), pT2 in 18 cases (41.9%), 
and pT3 in 2 cases (4.7%). In contrast, the diabetic 
group presented with: pT1 in 13 cases (44.8%), pT2 
in 12 cases (41.4%), pT3 in 3 cases (10.3%), and pT4 
in one case (3.4%). Regarding nodal metastases (pN), 
although most cases in both groups were pN0 or pN1, 
a higher incidence was observed in diabetic group (7 
cases, 24.1%) compared to the non-diabetic group (6 
cases, 14.3%) (p=0.16). Reduced mitotic activity (Mt 

1) was more frequent (p=0.02) in patients with T2DM 
(58.6%) than in those without T2DM (48.8%), while 
moderate mitotic activity (Mt 2) was predominant 
in patients without T2DM (39.5% vs 24%, p=0.001). 
Increased mitotic activity (Mt 3) was slightly higher in 
patients with T2DM (17.2% vs 11.6%, p=0.05). G2 tu-
mours predominated in both groups, accounting for 
22 cases (52.4%) in the non-diabetic group and 19 cas-
es (65.5%) in the T2DM group, but G3 tumours were 
more frequent (p=0.01) in patients without T2DM 
(38.1%) compared to those with T2DM (27.6%). The 
correlation between tumour grade and mitotic activ-
ity was strong in both groups but more pronounced 
in patients with T2DM (r=0.69, p=0.00002 vs r=0.54, 
p=0.0002 in non-T2DM).

Immunohistochemical expression of markers 
and comparison between cohorts. The immunohis-
tochemical analysis revealed notable distinctions in 
the TME of compared groups. The density of intra-
tumoural CD8+ T lymphocytes of diabetic cohort 
was found to be significantly lower compared to the 
non-diabetic group (15.2±11.3, M=12, range 0-40 vs 
17.5±13.4, M=14, range 0-57, p = 0.0005), suggest-
ing a compromised cytotoxic immune response in 
this kind of tumours. In contrast, the infiltration of 
CD68+ macrophages within the tumour mass and 
in the surrounding peritumoural tissue was higher 
among patients with T2DM. Specifically, intratu-
moural CD68+ cells showed a modest, but statis-
tically significant increase in the diabetic cohort 
(10.6±9.85, M=9, range 0-27 vs 9.5±7.5, M=6, range 
1-27, p = 0.02), while peritumoural CD68+ mac-
rophages also tended to be more abundant in the dia-
betic group (16.3±16.1, M=13, range 0-36) compared 
to the non-diabetic group (12.4±12.2, M=11, range 
0-34), though this difference did not reach statistical 
significance (p>0.05) (Fig. 1).

Regarding HER2 expression, no substantial dif-
ference was observed between the two groups, with the 
percentage of tumours exhibiting strong (3+) HER2 

Table 2. Expression of CD8, CD68 and HER2 in case of breast NST tumors

Marker
Breast cancer Breast cancer with T2DM p-value

(differences between 
groups)X±SD; M X±SD; M

CD8
it 17.5±13.4; 14 15.2±11.3; 12 0.0005

pt 29.4±15.2; 28 28.0±18.3; 25 0.73

CD68
it 9.5±7.5; 6 10.61±9.85; 9 0.02

pt 12.4±12.2; 11 16.3±16.1; 13 0.27

HER2+ - 18.6% 16.7% >0.05

Note: Values are presented as mean±standard deviation (X±SD) and median (M). Comparisons between groups were 
performed using p-values to indicate statistical significance.CD – cluster of differentiation; HER2/neu – human epidermal 
growth factor receptor 2; it – intratumoral; NST – no special type; p – probability value; pt – peritumoral; T2DM – type 2 
diabetes mellitus.
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positivity being statistically similar (18.6% in non-dia-
betic patient’s vs 16.7% in those with T2DM, p=0.51).

Taken together, these findings indicate that breast 
carcinomas arising in the context of T2DM are char-
acterized by a relative reduction in cytotoxic T cell in-
filtration and a concurrent increase in TAMs, whereas 
HER2 status remains largely unaffected by diabetic 
status. This altered immune landscape may have im-
portant implications for tumour progression and the 
response to therapy in this patient population. 

Correlations with clinicopathological charac-
teristics and markers correlations. T2DM-induced 
alterations in the TME become more pronounced 
when examining the correlations between immune 
markers, clinicopathological parameters and in-
ter-marker relationships (Table 3). CD8+ intratumour-
al T lymphocytes (CD8it) displayed notable shifts in 
their associations. In the non-diabetic cohort, CD8it 
correlated significantly with blood glucose levels 
(r = 0.37, p = 0.02), a relationship which was not 

Figure 1. Representative micrographs of tumour tissue stained with HE (A) and IHC: B – HER2/neu expression 
in breast cancer with T2DM; C – CD8+ cells in breast cancer with T2DM; D – CD68+ cells in breast carcinoma. 

E– CD8+ cells in breast cancer. F – CD68+ cells in breast carcinoma with T2DM; Mayer’s haematoxylin counterstained. 
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proved in patients with T2DM (r = −0.15, p = 0.22). 
Conversely, in the T2DM group, a significant positive 
correlation emerged between CD8it and perineural 
invasion (PnI) (r = 0.42, p = 0.01), a pattern absent in 
non-diabetics (r = 0.01, p = 0.47). 

For CD68it, correlations with nodal extension 
(pN) and patient age became prominent only in the 
diabetic cohort (pN: r = 0.42, p = 0.01; age: r = 0.40, 
p = 0.02), while remaining non-significant in non-di-
abetics (pN: r = –0.06, p = 0.38; age: r = 0.19, p = 
0.16). Interestingly, the correlation of CD68it with 
mitotic activity was significant only in the non-di-
abetic cohort (r = 0.33, p = 0.04), in comparison 
to T2DM group (r = −0.22, p = 0.13). Similarly, in 
the non-diabetic cohort, peritumoural macrophages 
(CD68pt) correlated positively with mitotic activity 
(r = 0.44, p = 0.01), suggesting a pro-tumoural role. 
In contrast, in patients with T2DM, these significant 
associations disappeared; the correlation with mitot-
ic activity weakened and became non-significant (r = 
0.09, p = 0.33).

These findings, summarized in Table 3, indicate 
that T2DM not only influences the quantity and spa-
tial distribution of immune cells but also reshapes 
their functional and molecular interactions with tu-
mour characteristics. 

DISCUSSION

This study investigated the complex interac-
tions between CD8+ T lymphocyte populations, 
CD68+ macrophages and HER2/neu expression in 
the TME of breast carcinoma in patients with and 
without T2DM. The findings underscore that T2DM 
is not merely comorbidity but an active factor that 
significantly modulates the tumour’s immune and 
molecular landscape, with potential prognostic and 
therapeutic implications.

Impact of T2DM on CD8+ T-lymphocytes infiltrate. 
It is well known that diabetic microenvironment is 
characterized by chronic low-grade inflammation, 
hyperglycemia and altered cytokine profiles, all of 

Table 3. Statistical associations (r) between CD8, CD68, HER2/neu and clinicopathological 
characteristics of breast tumors.

Sugar 
level

Patient’s 
age PnI pT pN Mitotic 

activity Grade CD8it CD8pt CD68it CD68pt HER2/
neu

Sugar 
level – 0.37*

–0.15
–0.15
0.42*

0.30*
0.23*

–0.08
0.23*

0.06
–0.29

–0.10
–0.05

0.37*
-0.15

0.30*
–0.08

0.06
–0.10

–0.05
0.08

0.20*
–0.08

Patient’s 
age

0.37*
–0.15 – –0.06

0.42*
0.19*
0.23*

–0.10
0.23*

0.02
–0.29

0.19*
–0.05

–0.06
0.19*

–0.10
0.26*

0.19
0.40*

0.02
0.14*

–0.15*
0.04

PnI –0.15
0.42*

–0.06
0.42* – 0.01

0.23*
–0.04
0.23*

0.02
–0.29

0.03
–0.05

0.01
0.42*

–0.04
0.20*

0.02
0.22*

0.03
0.02

–0.17
–0.13

pT 0.30*
0.23*

0.19*
0.23*

0.01
0.23* – –0.23

0.25*
0.02

–0.28
0.51*
–0.22

–0.23
0.23*

0.02
0.25*

0.51*
0.09

0.33*
–0.03

0.06
0.03

pN –0.08
0.23*

–0.10
0.23*

–0.04
0.23*

–0.23
0.25* – –0.06

–0.28
0.05

–0.22
–0.06
0.23*

0.05
0.27*

–0.06
0.42*

–0.24
0.17

–0.04
–0.11

Mitotic 
activity

0.06
–0.29

0.02
–0.29

0.02
–0.29

0.02
–0.28

–0.06
–0.2 – 0.20*

–0.22
0.20*

–0.29*
–0.28
–0.28

0.33*
–0.22

0.44*
0.09

0.21*
0.23*

Grade –0.10
–0.05

0.19*
–0.05

0.03
–0.05

0.51*
–0.22

0.05
–0.2

0.20*
–0.22 – 0.12

–0.05
–0.04
–0.23

–0.05
–0.22

0.13
–0.12

0.15*
0.06

CD8it 0.37*
–0.15*

–0.06
0.19*

0.01
0.42*

–0.23
0.23*

–0.06
0.23*

0.20*
–0.29*

0.12
–0.05 – 0.68*

0.37*
–0.28
0.45*

–0.21
–0.09

0.17*
–0.22

CD8pt 0.30*
–0.08

–0.10
0.26*

–0.04
0.20*

0.02
0.25*

0.05
0.27*

–0.28
–0.28

–0.04
–0.23

0.68*
0.37* – 0.02

0.37*
0.09
0.31*

0.33*
0.15*

CD68it 0.06
–0.10

–0.19
0.40*

0.02
0.22*

0.51*
0.09

–0.06
0.42*

0.33*
–0.22

–0.05
–0.22

–0.28
0.45*

0.02
0.37* – 0.40*

0.38*
0.12

–0.15

CD68pt –0.05
0.08

0.02
0.14*

0.03
0.02

0.33*
–0.03

–0.24
0.17

0.44*
0.09

0.13
–0.12

–0.21
–0.09

0.09
0.31*

0.40*
0.38* – 0.34*

0.29*

HER2/
neu

0.20*
–0.08

–0.15*
0.04

–0.17
–0.13

0.06
0.03

–0.04
–0.11

0.21*
0.23*

0.15*
0.06

0.17*
–0.22

0.33*
0.15*

0.12
–0.15

0.34*
0.29* –

Note: Correlation coefficients (r) between immune markers (CD8, CD68, HER2/neu) and clinicopathological parameters 
in breast carcinoma (alone (first row) and associated with T2DM (second row)). Significant correlations are marked with 
an asterisk (*). CD8it – intratumoral CD8+ T lymphocytes, CD8pt – peritumoral CD8+ T lymphocytes, CD68it – intra-
tumoral CD68+ macrophages, CD68pt – peritumoral CD68+ macrophages, HER2/neu – human epidermal growth factor 
receptor 2, pT – primary tumor size, pN – regional lymph node status, PnI – perineural invasion, r – Pearson or Spearman 
correlation coefficient, * – statistically significant (p≤0.05).
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which can negatively impact T-cell homeostasis 
and function15,16. Recent research indicates that 
hyperglycemia and insulin resistance, hallmarks 
of T2DM, may impair T-cell receptor signaling and 
reduce T-cell migration into tumour tissues17. Our 
study supports these conclusions, by presenting 
a lower content of CD8+ cells in the tumours as-
sociated with T2DM.

Additionally, a study by Tobe et al.18 demon-
strated that in diabetic breast cancer patients, im-
mune infiltrates are less prognostically informative 
than in non-diabetics, likely due to altered im-
mune cell functionality. Moreover, in patients with 
T2DM, our study revealed a different pattern of 
correlations for intratumoural CD8+ T lymphocytes 
(CD8it) compared to the non-T2DM cohort. In the 
T2DM group, while CD8it did not show significant 
correlations with most clinicopathological param-
eters, it notably demonstrated a significant positive 
association with perineural invasion (PnI) (r = 0.42, 
p = 0.01). This contrasts with the non-T2DM group, 
where the only significant correlation of CD8it 
was with glucose levels (r = 0.37, p = 0.02). These 
findings suggest that T2DM may alter the clinico-
pathological relevance of CD8+ T cell infiltration in 
breast cancer, shifting its association from metabol-
ic factors to features of tumour invasion (Table 3). 

Role of CD68+ macrophages in the T2DM con-
text. The study revealed an infiltration of CD68+ 
macrophages into the TME in T2DM patients. 
Moreover, the intratumural content of CD68it 
positively correlated with nodal extension (pN) 
(r = 0.42, p =0.01) and patient’s age (r = 0.40, p = 
0.02) in the diabetic group only. These data sug-
gest a pro-tumoural role for TAMs in the diabetic 
context. T2DM, by inducing a chronic pro-inflam-
matory environment and metabolic alterations, can 
favor TAM polarization towards an M2-like pheno-
type, which supports tumour growth, angiogenesis, 
invasion, and immunosuppression19,20. The strong 
correlation found between CD8it and CD68it (r 
= 0.45 in T2DM) is interesting, while it may indi-
cate co-recruitment, it could also ref lect complex 
interactions where macrophages modulate CD8+ 
T lymphocyte function, possibly in an immunosup-
pressive manner. Recent evidence21 further supports 
these observations, showing that the infiltration of 
CD68+ macrophages is increased both in peritu-
moural and intratumoural sites in breast cancers 
associated with T2DM, compared to non-diabetic 
cases, results similar to our data.

Previous studies have shown that the abun-
dance of TAMs is associated with poor prognosis 
and increased metastatic burden in breast cancer, 
especially in the presence of metabolic syndrome 

or T2DM19,22. Thus, our results further strengthen 
the hypothesis that T2DM modifies the tumour im-
mune microenvironment, fostering conditions fa-
vorable for tumour progression and immune escape 
via macrophage-mediated mechanisms.

Trialogical interaction (CD8, CD68, HER2) and 
clinical implications. Our data suggest a complex 
trialogical interaction between CD8+, CD68+ and 
HER2/neu in breast carcinoma, which seems to be 
altered by the diabetic status. The previous clini-
cal and experimental data show that CD68+ TAMs 
(TAMs) accumulate preferentially in HER2-positive 
tumours and correlate with nodal spread, under-
scoring a bidirectional HER2–macrophage axis 
that can be amplified by the diabetic status23,24. Our 
findings partially confirmed this, validating a sig-
nificant correlation between intratumoural CD68+ 
macrophages and nodal spread in patients with 
T2DM, but not a significant association with HER2 
status. The metabolic context of T2DM appears to 
create a distinct tumour microclimate, characterized 
by a possibly inefficient adaptive immune response 
(CD8+), an increased presence of macrophages with 
a potential pro-tumour role (CD68+), and a particu-
lar interaction with HER2-positive tumours, which 
might be more proliferative5. 

Study limitations. Limitations of this study in-
clude its retrospective design and the relatively 
small size of the T2DM patient cohort, which may 
influence the statistical power of some correlations. 
Also, detailed characteri zation of macrophage phe-
notypes (M1 vs M2) or the functional status (e.g., 
exhaustion markers) of CD8+ T lymphocytes was 
not performed. These aspects represent important 
directions for future research.

Future research directions. Prospective studies 
with a larger number of patients and more in-depth 
molecular analyses are needed to validate these 
findings and elucidate the precise molecular mech-
anisms. Close collaboration between oncologists 
and endocrinologists is essential for the optimal 
management of patients with breast carcinoma and 
T2DM. Strategies aimed at modulating the immune 
response and optimal metabolic control could be 
particularly relevant.

CONCLUSIONS

The study provides additional evidence of the 
substantial impact of T2DM on the tumour micro-
environment in breast carcinoma. T2DM was as-
sociated with a reduced intratumoural density of 
CD8⁺ T lymphocytes, suggesting a potential impair-
ment of adaptive immune responses. Furthermore, 
distinct correlations were observed between T-cell 
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subtypes and clinicopathological parameters such 
as patient age, Nottingham score, and HER2 sta-
tus in the context of T2DM, indicating a complex 
reorganization of adaptive immunity. T2DM also 
influenced the infiltration pattern of CD68⁺ mac-
rophages, with increased macrophage density being 
correlated with nodal extension, thereby pointing 
to a potential pro-tumourigenic role. Collectively, 
these findings highlight that interactions among im-
mune cell populations and molecular markers are 
distinct in the setting of T2DM, ref lecting a mul-
tifaceted reconfiguration of cellular and molecular 
networks within the TME under diabetic condi-
tions.
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