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Abstract: HER2-enriched tumors are responsible for 20% of breast tumors and have high rates
of immune infiltrates in the tumor stroma that respond favorably to neoadjuvant chemotherapy.
In the context of tumors, telomeres control cell death and prevent tumor cells from replicating
discontinuously, leading to their immortalization. This study aimed to evaluate the presence of tumor-
infiltrating lymphocytes, hTERT expression, hTERT promoter mutation, and leukocyte telomere
length in HER2-enriched breast tumors. A total of 103 cases were evaluated, 19 with pathologic
complete response. The TILs percentage was above >10 in 44 cases (43%) and significantly present in
patients >50 years of age. hTERT staining positivity was mostly nuclear, significantly present in the
non-pCR group, and associated with a lower survival rate. Leukocyte telomeres were elongated for
HER2-enriched tumors, and in multivariate analysis, shortening was associated with an increased
risk of death. Overall, our results show that the nuclear and cytoplasmic presence of hTERT may
indicate a worse prognosis and that leukocyte telomere elongation is a protective factor.

Keywords: breast cancer; telomeres; hTERT;, HER2-enriched; pathological complete response;
telomere length; tumor-infiltrating lymphocytes; TERT promoter mutation

1. Introduction

About 20% of breast tumors are defined by the overexpression or amplification of
human epidermal growth factor receptor 2 (HER2). Using the immunohistochemical
technique, these tumors are divided into luminal type B tumors (HER2 expression together
with the expression of estrogen hormone receptors [ER] or progesterone [PgR]) which
make up approximately 40-50% of HER2+ tumors; and HER?2 enriched (HER2-E) tumors
(~60% of HER2 tumors) that do not express hormone receptors (HR) [1]. Regarding their
histological profile, HER2-E tumors present a higher grade and tumor staging at diagnosis
and are clinically more aggressive. However, with the current anti-HER2 therapies, such
as trastuzumab, pertuzumab, trastuzumab-emtansine (T-DM1), lapatinib, tucatinib, and
trastuzumab deruxtecan, the survival of these patients has improved remarkably [2], with
30-40% surviving 8 years after the metastatic disease diagnosis [3].

Unlike normal breast tissues, where there is a significant immune aggregate absence,
breast tumors may present high levels of immune infiltrates in the tumor stroma [4]. Most
antigens present in breast cancer are self-proteins that can stimulate T cells and induce
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a regulatory immune response [5]. The relationship between the immune system and
cancer is based on the level of cellular immunity promoting tumor growth, or also eradi-
cating the disease hypothesis [6]. The so-called tumor-infiltrating lymphocytes (TILs) are
present in 10%, 15%, and 20% of ER+ HER2—, HER2+, and HR-HER2— breast tumors,
respectively [7]. Recent studies have demonstrated the prognostic and predictive role
of TILs. In HER2+ breast cancer, elevated TILs at diagnosis result in a greater response
to adjuvant trastuzumab treatment [8], and TILs are predictors of complete pathologic
response (pCR) after neoadjuvant treatment [9]. Furthermore, it has been shown that the
lymphocytes present in the bloodstream are directly related to tumor regression. Interest-
ingly, it has been reported that the clonal expansion of T lymphocytes with the elongation
of telomeres in the bloodstream has favored better responsiveness [10]. As a result of this
mechanism, lymphocytes remain in the blood for longer, favoring the memory immune re-
sponse against the tumor [10]. In this context, there is a link between the systemic immune
response, the presence of TILs, and telomere activity. T lymphocytes with the elongation of
their telomeres have been associated with tumor regression, unlike those with shortened
telomeres [10,11]. Patients with a shorter relative lymphocyte telomere length (RLT) showed
significantly poorer overall survival (OS) and progression-free survival (PFS) than patients
with longer RLT [11].

Telomeres are repetitive DNA sequences (5'-TTAGGG-3') located at the ends of chro-
mosomes, essential for protecting their final portions against degradation, fusion, and
end-to-end rearrangement [12]. In more aggressive breast tumors, such as luminal B,
HER?2-E, and basal, shortened telomeres have been associated with a worse prognosis [13].
Telomerase is the enzyme responsible for telomere maintenance and elongation, but it is not
expressed in mature somatic cells. On the other hand, it is reactivated in most tumor cells
responsible for the lack of cell cycle control that leads to tumor cell immortalization [14].
Interestingly, telomere shortening with telomerase reactivation is associated with worse
OS in HER2+ breast tumors [15], as it is present in the most aggressive breast cancer cell
lines [16]. The hTERT gene, which is responsible for encoding reverse transcriptase, is
located at the chromosomal position 5p15.33 and has 15 introns and 16 exons, with exons
5 to 9 responsible for encoding reverse transcriptase [17,18]. From splicing, the gene can
encode 22 isoforms, in addition to the fact that, in its promoter region, the numerous CpG
islands act as ligands for transcriptional factors, reducing or accelerating the coding pro-
cess [17-19]. Furthermore, the somatic mutations C228T and C250T present in the promoter
region of the h'TERT gene are prevalent in about 12% of solid tumors. They are responsible
for telomerase reactivation, disease progression, and recurrence. Although rare in common
forms of breast cancer [20], they have been reported at high frequencies in metaplastic and
phyllode malignant breast tumors [21,22].

The objectives of this study were to evaluate the possible correlation between TILs,
hTERT expression, h"TERT promoter mutation (C228T and C250T mutations), and leuko-
cyte telomere length (LTL) with the response to neoadjuvant chemotherapy based on
anthracycline-taxane-trastuzumab or fluorouracil-anthracycline-taxane-trastuzumab regi-
men (AC-T/FAC-T) in a retrospective Brazilian cohort from HER2-E breast cancer patients.

2. Materials and Methods
2.1. Patients

Patients diagnosed with HR— (ER and PR score <1%) and HER2+ (3 or 2+ with FISH
amplification) breast cancer that were treated with neoadjuvant therapy at the Instituto
Nacional de Cancer (INCA) in Rio de Janeiro, Brazil between January 2010 and Decem-
ber 2015 were included. Patients received neoadjuvant chemotherapy with anthracycline
plus cyclophosphamide, followed by paclitaxel plus trastuzumab neoadjuvant therapy at
institutional-recommended doses and trastuzumab (adjuvant target therapy) for a total du-
ration of one year. All correlations of the biomarkers studied here were based on responses
to neoadjuvant chemo/targeted therapy. The Ethics Research Committee approved this
study. Data on age, breast cancer family history (1st-degree relative), tumor type, immuno-
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histochemical profile, size, nodal involvement, grade, and pathological complete response
(pCR) were obtained from hospital records. All breast lesions obtained were formalin-fixed
paraffin-embedded (FFPE) tissues. The histologic classification was graded according to
the current (2012) World Health Organization criteria [23], and nuclear grade was defined
as grades I to III, according to Elston and Ellis [24]. The histologic classification and the
nuclear grading were performed by a medical pathologist (CMN).

2.2. Tumor Infiltrating Lymphocytes (TILs) Determination

The Stromal TILs” quantification was performed before neoadjuvant chemotherapy,
according to the TILs Working Group recommendations [25], by counting all mononuclear
cells in the stromal compartment within the invasive tumor borders and reporting them as
a percentage value.

2.3. hTERT Immunohistochemistry

hTERT immunohistochemistry analyses were performed using FFPE before neoadju-
vant chemotherapy. Briefly, 3-micron slices were deparaffinized and antigen retrieval
was performed in a Trilogy Buffer (Cell Marque, Sigma-Aldrich, Rocklin, CA, USA),
at 98 °C, using the steam process for 30 min. Endogenous peroxidases were blocked
with a NovoLink Max Polymer Detection kit (Leica Microsystems, Wetzlar, Germany) for
5 min. Anti-TERT (Thermo Fisher— Monoclonal Antibody-2C4-Cat Number MA5-16034,
1:1500 dilution) antibody was incubated overnight at 4 °C. After incubation, the post-
primary antibody and the polymer (Novolink, Newcastle upon Tyne, UK) were added and
incubated for 30 min, rinsed, and exposed to a solution of diaminobenzidine for 3 min.
Next, the samples were dehydrated with alcohol, cleared in xylene, and mounted. Negative
controls were acquired using the same protocol described above, omitting the primary
antibody. Immunoreactivity was determined based on the intensity and percentage of the
staining of nuclear and cytoplasmatic tumor cells. For nuclear labeling, 100 tumor cell
nuclei were evaluated. Tumors with <15% of nuclear immunoreactivity, were classified as
negative, and those >15% were positive tumors. For cytoplasmic staining, the expression
was quantified by stabilizing the score based on the positive cells” percentage (0, <5%,
1, >5-35%, 2, >35-65%, and 3, >65-100%). The evaluation of counts was performed at
10X magnification by an experienced pathologist (CMN).

2.4. Qualitative Evaluation of h"TR/WTERT and Splice Variants in Breast Cancer Tissues and
Leukocytes plus Investigation of Mutations in the h\TERT Promoter Region

The qualitative molecular evaluation of "TR/HTERT gene expression and the alternative
hTERT gene (x+/ 3+) splicings in paraffin-embedded tissues and leukocytes were evaluated
following the previously described methodologies [26,27]. In addition, the evaluation of
mutation in the h"TERT promoter region (C228T and C250T mutations) in breast tumor
tissues was performed according to the methodology described by Trung et al. (2020) [28].

2.5. Leukocytes Telomere Length (LTL)

LTL from patients with HER2-E breast cancer was compared to leukocytes from a
group of patients with HR+ breast tumors (n = 35) [29] and controls with no history (n = 89)
or other conditions of breast pathologies (cohort from another study approved by the local
ethics committee from the hospital of the Rio de Janeiro State University [UER]/HUPE]).
The evaluation of the LTL of the tumor groups and controls had an exploratory and
comparative objective, in addition to determining the correlation of telomere shortening
that is expected with age.

To maintain the exclusion of any red blood series from leukocytes archived at
—20 °C, these were rapidly thawed at 37 °C and subjected to erythrocyte lysing solution
4 °C) (10 mmol/L Tris-HCl, 5 mmol/L MgCl2, and 10 mmol/L NaCl). The pellet
was resuspended in a 600 pL lysis solution (10 mmol/L TRIS, 2 mmol/L EDTA, and
400 mmol/L NaCl) and 15 puL SDS 20%. The DNA extraction was performed using the
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Phenol-Chloroform method. DNA was quantified on the NanoDrop 1000 Spectrophotome-
ter (Thermo Scientific, Wilmington, DE, USA) and Qubit dsDNA HS Assay Kit (Invitrogen,
Waltham, MA, USA), according to the manufacturer’s protocol. Telomere length (TL) was
measured using the real-time quantitative PCR method developed by Cawthon, which
consists of determining the ratio of telomere repeat copy number (T) to single copy gene (S),
T/S [30]. The single-copy gene used in this study was human (3-globin (Hbg). The cycling
conditions, primers, and reagents used in this study were as previously described [31]. The
PCR runs were duplicated on a StepOnePlus Real-Time PCR System (Applied Biosystems).

2.6. Statistical Analysis

Contingency tables were used to assess the association between age, presence of TILs,
nuclear and cytoplasmic hTERT staining, and pCR. For the purpose and evaluation of
the statistical analysis of the correlation between variables, women were divided into
age groups of <50 and >50 years old. The x2 and Fisher’s exact tests were adopted
to evaluate the statistical significance of the association between these variables. The
Kruskal-Wallis non-parametric test was used to assess the significance of the difference
between the telomere lengths of the evaluated groups. Linear regression was used to
evaluate the correlation between age and telomere length between evaluated groups [11].
Survival distributions were estimated with the Kaplan—-Meier method, and the significance
of differences between survival rates was ascertained with the log-rank test. In addition,
Cox regression (proportional hazards model) was used for multivariate analyses [11].
The survey data were processed in GraphPad, version 9.4.1. In all statistical tests, a
5% significance level was considered. Thus, statistically significant associations were
considered to be identifiable in those whose p-value was <0.05.

3. Results
3.1. Clinical Data, pCR, and TILs

This study included 103 cases of HER2-E breast cancer. A total of 53% of patients
were younger than 50 years of age (1 = 55), and the remaining 48% (n = 47) were aged over
50 years. Regarding race, 51% (n = 53) were black and 33% (n = 34) were white. In total,
33 patients (32%) reported having a positive family history, with 12/33 (36%) being breast
cancer. Regarding the tumor stage, all were locally advanced, predominantly stages IIIA
(n =38/103 [37%]) and IIIB (n = 36/103 [35%]), with infiltrating ductal carcinoma (IDC)
encompassing 99% of the sample size. A total of 19 (19/103 [18%]) had pCR and TILs; <10
were present in 43/103 (42%) and >10 in 44/103 (43%) of the tumor specimens (Table 1).

Table 1. Patient and tumor characteristics.

Patients
N =103 (%)
Characteristic
Age, years
Mean 50.3
SD 10.1
Cases < 50 55 (53%)
Cases > 50 years 48 (47%)
Race *
Brazilian White 34 (33%)
Brazilian Black/Brown * 53 (51%)
NI 16 (16%)
Menarche
<12 22 (21%)
>12 65 (63%)

NI 16 (16%)
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Table 1. Cont.

Patients
N =103 (%)
Alcoholism Intake *
Yes 9 (9%)
No 78 (76%)
NI 16 (15%)
Tobacco use *
Yes 17 (17%)
No 60 (58%)
Ex-tagagist 10 (10%)
NI 16 (15%)
Familial history
Yes ** 33 (32%)
Second Cancer 2 (2%)
No 52 (50%)
NI 16 (15%)
Histopathologic Classification
1LC 1 (1%)
IDC 102 (99%)
Stage Classification
1B 25 (24%)
A 38 (37%)
111B 36 (35%)
Imc 4 (4%)
Pathologic complete response
Yes 19 (18%)
No 84 (82%)
TILs
<10 43 (42%)
>10 44 (43%)
NI 16 (15%)

* self-reported data obtained from medical records. ** considering family history only first-degree relatives.
NI—not informed or not possible to be evaluated.

3.2. hTERT Expression by Immunochemistry

The nuclear and cytoplasmic labeling of hTERT could be evaluated in 81 cases. hTERT
was predominantly expressed in the nucleus of 80% (n = 65/81) and with no or low
expression (labeling 0 or 1) in the cytoplasm of 52% (n = 53/81) of the cases (Table 2).

Table 2. Nuclear and cytoplasmic labeling of hTERT.

Nuclear hTERT Patients (N = 103)
Yes 65 (63%)
No 16 (16%)
NI 22 (21%)
Citoplasmatic hTERT
0,1 53 (52%)
2,3 28 (27%)
NI 22 (21%)

NI—Unable to be analyzed due to the absence of tumor material in the analyzed slides.

hTERT expression by immunohistochemistry between the nucleus and cytoplasm was
present in 39/81 (48%) cases, with 26/81 (32%) and 5/81 (6%) cases showing unique nuclear
and cytoplasmic expression (Figure 1), respectively. Also, 11/81 (13%) showed negative
cases for cytoplasm and nucleus expression (Table 3). These data were in agreement with
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the results of the evaluation of hTERT qualitative expression by PCR, where negative cases

for hTERT expression were also negative in the expression evaluation by PCR (Section 3.4).

(A,B) Negative controls.

immunohistochemistry.

hTERT expression by
D) Absence of hTERT nuclear and cytoplasmic staining in infiltrating ductal breast carci-
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igure
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F) Predominant nuclear hTERT staining (grade 3) in infiltrating ductal breast carcinoma.

7

H) Diffuse cytoplasmatic and nuclear hTERT staining (grade 3) in infiltrating ductal breast

’

(G

carcinoma. All images are at 10x and 20 x magnification.
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Table 3. Exclusive and concomitant expression detailing of hTERT between nucleus and cytoplasm.

Nuclear and Cytoplasmatic hTERT

Patients (N =81) (%) pCRN=15(%) Relapse (N=14) (%) TILs<10(N=7)(%) TILs >10(N =7) (%)

Nucleus and cytoplasm 39 (48%) 5 (33%) 5 (36%) 3 (43%) 2 (27%)
Nucleus 26 (32%) 3 (20%) 5 (36%) 3 (43%) 2 (27%)
Cytoplasm 5 (6%) 0 0 0 0
No expression 11 (13%) 7 (47%) 4 (28%) 1 (14%) 3 (43%)
Total 81 15 14 7 7
3.3. hTERT Expression by Immunochemistry and Correlation between the Clinical Variables
The statistical evaluation of clinical data regarding age, pCR, TILs, and cytoplasmic
and nuclear hTERT labeling are shown in Table 4. hTERT expression in the nuclear portion
of tumor cells showed a significant relationship with non-pCR (p = 0.008). For the other
evaluations, there was no statistically significant relationship (Table 4).
Table 4. Significance assessment between hTERT expression and the clinical variables.
Age
Nuclear hTERT p-Value
<50 (N =51) >50 (N =52)
Negative (N = 16) 10 (20%) 6 (12%)
Positive (N = 65) 30 (59%) 35 (67%) 027
NA (N =22) 11 (21%) 11 (21%) :
Total 51 52
. Age
Cytoplasmatic hTERT p-value
<50 (N = 50) >50 (N = 53)
Grade 0,1 (N = 53) 24 (48%) 29 (55%)
Grade 2,3 (N =28) 15 (30%) 13 (24%) 0.49
NA (N =22) 11 (22%) 11 (21%) .
Total 50 53
A
pCR 8¢ p-value
<50 (N = 50) >50 (N = 53)
pCR (N = 19) 7 (14%) 12 (23%)
nonpCR (N = 84) 43 (86%) 41 (77%) 0.31
Total 50 53
A
TILs & p-value
<50 (N = 59) >50 (N = 54)
<10 (N = 43) 26 (44%) 17 (31%)
>10 (N = 44) 15 (25%) 29 (54%) 031
NA (N = 16) 8 (31%) 8 (15%) :
Total 49 54
pCR
Nuclear hTERT p-value
pCR (N =19) nonPCR (N = 84)
Negative 7 (37%) 9 (11%)
Positive 8 (42%) 57 (68%) 0,008
NA 4 (21%) 18 (21%) :
Total 19 84
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Table 4. Cont.

CR
Cytoplasmatic hTERT P p-value
pCR (N =19) nonPCR (N = 84)
Grade 0, 1 (N =53) 13 (68%) 40 (48%)
Grade 2,3 (N =28) 2 (10%) 26 (31%) 0.07
NA (N =22) 4 (22%) 18 (21%) )
Total 19 84
CR
TILs P p-value
pCR (N =19) nonPCR (N = 84)
<10 (N =43) 7 (37%) 36 (43%)
>10 (N =44) 10 (53%) 34 (40%) 0.59
NA (N =16) 2 (10%) 14 (17%) ’
Total 19 84
Nuclear hTERT
TILs - — NA (N =22) p-value
Negative (N = 16) Positive (N = 65)
<10 (N =36) 8 (50%) 28 (43%) 7 (32%)
>10 (N =34) 6 (37%) 28 (43%) 10 (45%) 076
NA (N =11) 2 (13%) 9 (14%) 5 (23%) ’
Total 16 65 22
Cytoplasmatic h-TERT
TILs NA (N =22) p-value
Grade 0,1 (N =53) Grade 2, 3 (N = 28)
<10 21 (40%) 14 (50%) 7 (32%)
>10 25 (47%) 10 (36%) 10 (45%) 0.45
NA 7 (13%) 4 (14%) 5 (23%) ’
Total 53 28 22

NA—not possible to be evaluated.

3.4. hTR/WTERT Transcripts Qualitative and hTERT Promoter Region Evaluation

The qualitative expression evaluation of "TR/ATERT genes was compatible with the
molecular data previously presented, where 11/81 (13%) of the cases did not present any
transcripts expression (Table 3). In other cases evaluated by immunohistochemistry (81/103
[79%]), even when the staining was exclusive to the cytoplasm or nucleus, the expression
was present in the qualitative assessment and justified by the tumor total portion evaluation
in the molecular analysis.

All 103 cases had hTR/WTERT expression present in the leukocytes. These data are
consistent with those expected for blood cells, as the "'TR/h'TERT expression levels for these
cells have already been described as independent of telomerase activity [32].

The hTERT splicings also identified failed qualitative and quantitative techniques [26,27].
The HL60 cell line, known to express the main h'TERT splicings (TERT-2164 and TERT-2620),
was used as a positive control and proved the reaction’s success. As these samples were
preserved in paraffin and blood, stored for a prolonged period (>5 years), and the mRNA
proved unstable, the analyses may have been unfeasible.

No mutations were found in the 103 cases for the h"TERT promoter region (C228T
and C250T).

3.5. Leukocyte Telomere Length

The LTL assessment was evaluated in 103, 35, and 89 cases of HER2-E, HR+, and
controls, respectively. The mean LTL ratio (T/S) for HER2-E, HR+, and controls was
1.06 (SD 0.10), 1.22 (SD 0.26), and 0.90 (SD 0.21), respectively, demonstrating statistically
significant values between the tumor groups evaluated with the control group (p < 0.0001)
(Figure 2A). The difference in TL between the HER2-E and RH+ groups did not present a
statistically significant value (p = 0.17). Since age and telomeres are dependent variables,
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linear regression evaluation showed a strong correlation between the decrease in TL with
age for HER2-E cancer cases and controls (Figure 2B,C, respectively), but not for HR+

tumors (Figure 2D).
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Figure 2. Evaluation of TL between groups and its correlation with age. (A) Significance TL assess-
ment between breast and control tumor subtypes. (B) Correlation between age and LTL from HER2-E
cases. (C) Correlation between age and LTL from controls. (D) Correlation between age and LTL

from HR+ cases.
3.6. Leukocyte Telomere Length in HER2-E Breast Cancer and Correlation with Other Variables

Regarding the other variables, the nuclear and cytoplasmic hTERT positivity, TILs
presence, and pCR were not statistically significant with telomere shortening in HER2-E
tumors (Table 5). In the control group, telomere shortening in relation to increasing age

was significant (p = 0.003) (Table 5).

Table 5. Significant evaluation between the length of the telomeres with the clinical data.

A
TL (HER2-E) (N = 103) Chi p-Value
<50 (N =47) >50 (N = 56)
LT (N = 84) 37 (79%) 47 (84%)
ST (N =19) 10 (21%) 9 (16%) 0.61
Total 47 56
Age
TL (HR+) (N =35) p-value
<50 (N =29) >50 (N =6)
LT (N = 25) 21 (72%) 4 (66%)
ST (N = 10) 8 (28%) 2 (34%) >0.99

Total 29 6




Curr. Oncol. 2023, 30 4103
Table 5. Cont.
Age
TL (Controls) (N = 89) <50 (N = 36) >50 (N = 53) p-value
LT (N = 33) 20 (55%) 13 (25%)
ST (N =56) 16 (45%) 40 (75%) 0.003
Total 36 53
Nuclear hTERT
TL ; _ -value
Negatllg)e N=" positive(N=65) NAN=22) |
LT (n = 84) 15 (94%) 50 (77%) 19 (86%)
ST (n=19) 1 (6%) 15 (23%) 3 (14%) >0.99
Total 16 65 22
Cytoplasmatic hTERT
TL Grade 0,1 (N = Grade 2,3 (N = p-value
53) 28) NA (N =22)
LT (n = 84) 42 (79%) 23 (82%) 19 (86%)
ST (n=19) 11 (21%) 5 (18%) 3 (14%) >0.99
Total 53 28 22
TILs
TL p-value
<10 (N =42) >10 (N = 44) NA (N =17)
LT (n=84) 36 (86%) 35 (80%) 13 (76%)
ST (n=19) 6 (14%) 9 (20%) 4 (24%) 0.57
Total 42 44 17
CR
TL P p-value
pCR (N =19) nonPCR (N = 84)
LT (n =84) 16 (84%) 68 (81%)
ST (n=19) 3 (16%) 16 (19%) >0.99
Total 19 84

TL, telomere length; LT, long telomere; ST, short length.

3.7. Survival Progression-Free Survival Assessment of HER2-E Cases

Patients with tumors pCR had a better clinical outcome compared to those with a
non-pCR (p = 0.04) (Figure 3A). A total of 26 patients (70%) belonging to the non-pCR
group died before the initial 3 years of follow-up, while for the 19 cases with pCR, there
were only 3 deaths, two before 3 years and the last one after five years.

For progression-free survival, cytoplasmic and nuclear hTERT expression was statisti-
cally significant and associated with worse survival (Figure 3B-E). However, multivariate
analysis (Cox regression) revealed that leukocyte telomere shortening increases the risk of
death with significant p (Table 6).
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Figure 3. Survival evaluation for HER-E cases with pCR, hTERT cytoplasmic and nuclear stain-
ing, TILs, and LTL. (A) Evaluation of significant value in the survival of HER-2 cases with pCR.
(B) Evaluation of significant value in the survival of HER-2 cases with hTERT cytoplasmic staining.
(C) Evaluation of significant value in the survival of HER-2 cases with hTERT nuclear staining.
(D) Evaluation of significant value in the survival of HER-2 cases with TILs. (E) Evaluation of
significant value in the survival of HER-2 cases with shortening (STL—short telomere length) and
lengthening (LTL—long telomere length) of leukocyte telomeres.
Table 6. Multivariate Cox regression.
Variable Hazard Ratio/Estimate VA p Value 95% CI (Profile Likelihood)
PCR [No] 2.34 1.50 0.133 0.8557 to 8.296
Nuclear hTERT [Yes] 0.67 0.89 0.376 0.2870 to 1.755
Cytoplasmatic hTERT [Yes] 1.51 1.02 0.307 0.6676 to 3.275
LTL [Short] 3.39 1.98 0.048 1.172 to 14.33
TILs [<10] 0.55 1.55 0.121 0.2560 to 1.168

4. Discussion

Positive HER?2 and triple-negative are described as the breast tumors with the highest
TILs percentage, so they respond better to neoadjuvant therapy [33,34]. Here, we found that
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TILs were uniformly distributed among HER2-E tumors, with 43/103 (42%) and 44 /103
(43%) cases having a percentage of TILs that was less than 10%, and above or equal to
10%, respectively. Interestingly, in patients aged 50 years or older, the presence of TILs,
although not statistically significant (p = 0.31), was mainly present in this group (29/54
[54%]) (Table 4). These data regarding the increase in TILs with age are contradictory to
the findings by Belkacem et al. (2021) [35] and Takada et al. (2022) [36], who describe a
reduction in TILs presence in HER2-positive tumors; however, although the first study
described this finding, it did not find a significant value between the variables, and the
second borderline statistical value of p = 0.04. The TILs” benefit in the response rate to
neoadjuvant therapy has already been reported in large experimental cohorts, but it is
controversial when segregated between different tumor subtypes. In a study by Hamy et al.
(2019) [33], TILs levels were higher in cases that reached pCR (p = 0.001). When tumors were
stratified, this association by multivariate analysis was seen only for triple-negative tumors
(luminal p = 0.058, triple negative p < 0.001, and HER2 p = 0.341). Furthermore, when
evaluating the TILs percentage in the tissues of these same cases obtained from surgery,
they tend to decrease in HER2 (p < 0.001) tumors with pCR. In the study by Denkert
et al. [34], the TILs presence in HER2 tumors contributed to pCR increase and consequently
increased OS rates in these tumor subtypes. Due to the number of cases evaluated here
and the uniform distribution of TILs, the association between pCR and TILs is limiting;
however, 19 (18%) cases achieved pCR and the remaining 84 (82%) cases showed partial
response to treatment, showing that pCR is a well-established surrogate marker for clinical
outcomes, especially for HER2 and triple-negative breast tumors [37,38].

With each cell division, telomeres shorten due to the loss of their repetitive sequences,
reaching a critical point where the cell loses its ability to divide and entering the senes-
cence phase. However, in tumor cells, telomeres tend to reveal an atypical behavior with
telomerase reactivation, the enzyme responsible for telomere regeneration, and integrity,
consequently leading to cell immortalization [10,12-16]. In this context, relative TL has
been identified as a potential cancer molecular biomarker based on the fact that tumor stage,
severity, recurrence, and overall patient survival data showed that shortened telomeres
are present in tumors with a worse prognosis [13,16,39]. Interestingly, TL data are not
concordant when comparing tumors and blood (leukocytes). The tumor TL evaluation was
not evaluated in this study due to material quality limitations. However, the qualitative
evaluation of hTERT expression was compatible with the findings achieved via immuno-
histochemistry, with 11/103 (11%) cases being negative for hTERT expression (Table 3).
Data from the TL evaluation in different subtypes of tumor cell lines revealed that cell lines
of the luminal subtype (MCF7) had the greatest TL, followed by HER2-E (SKBR3), and
triple-negative cell lines (MDA-MB-231), and also demonstrated that the cell lineages with
greater invasiveness had shortened telomeres compared to those with less invasiveness [16].
These data corroborate the evaluation in breast tumor tissues after neoadjuvant therapy,
where telomere shortening was associated with more advanced tumors (p = 0.030) and
lymph node involvement (p = 0.031). Increased hTERT expression was associated with
HR- tumors (p = 0.039). Thus, triple-negative tumors had shorter telomeres than other
subtypes. Furthermore, telomere shortening was associated with lower DFS (p = 0.0076)
and OS (p = 0.05) [15].

In this study, 81 cases were evaluated for hTERT labeling in the nucleus and cytoplasm.
The marking found was predominantly nuclear in 26/81 (32%) and only 6% (N = 5/81)
of cases with cytoplasmic labeling (Table 3). On the other hand, concomitant labeling
between the nucleus and cytoplasm was found in 39/81 of cases, representing almost half
of the evaluation (48%). Comparative evaluation with other studies of hTERT nuclear
and cytoplasmic expression in breast tumors is limited. However, the immunofluorescent
hTERT labeling in breast tumor cell lines HER2-E (SKBR3) shows that, in this tumor
type, the labeling is predominantly nuclear, contrary to other tumor subtypes, which are
more heterogeneous [16]. In this study, we evaluated hTERT nuclear and cytoplasmic
expression, the first being associated with nonPCR (p = 0.008) (Table 4), consequently
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representing a lower survival compared to those cases without nuclear labeling (p = 0.02)
(Figure 3C). These data are complementary to the findings of Uno et al. (2022) [40], given
that the hTERT nuclear expression associated with HER2+ tumors was (p = 0.00159) and
not found in HER2-E tumors. Furthermore, when cytoplasmic hTERT labeling was present
in HER2 tumors, it was associated with resistance to systemic therapy (r = —0.593). Such an
association cannot be shown, given the limited cases evaluable. Interestingly, in other tumor
types, nuclear and cytoplasmic staining differ. In two cohorts, regarding lung cancer and
lung cancer associated with idiopathic fibrosis, hnTERT expression showed intense nuclear
staining in the group of lung tumors associated with idiopathic fibrosis (p = 0.016). In
contrast, cytoplasmic staining was not significant (p = 0.46) [41]. However, in hepatocellular
carcinomas, the marking was predominantly and exclusively cytoplasmic in 86/135 (64%),
while only 3/135 (2.2%) were associated with nuclear marking. Furthermore, in these
cases cytoplasmic labeling was associated with the presence of hepatitis B surface antigen
(p = 0.007) and poor cell differentiation (p = 0.043) [42].

Of the 103 cases evaluated, none presented mutations in the promoter region of the
hTERT gene (C228T and C250T). In metaplastic breast tumors, known for their complex
genomics and aggressive histological subtype, rates can reach 15% [22]. However, the
absence of hTERT promoter hotspot mutations (C228T and C250T) is consistent with
previous studies, since in the common forms of breast tumors, the rate of mutations is
less than 1% [43]. When present in tumors, these mutations can stimulate telomerase
reactivation, favoring tumor progression [21,22].

LTL results are generally inverse to tumor assessment findings [44,45]. The LTL
assessment was evaluated in the 103, 35, and 89 cases of HER2-E, HR+, and controls,
respectively. The data presented here show telomere elongation in HER2-E and HR+ cases
(p < 0.001 for both) compared to controls, but do not differ from each other (p = 0.17)
(Figure 2A). Furthermore, the correlation of age with telomere shortening is present in
HER?2-E tumors and controls, contrary to HR+ cases (Figure 2A,B,D). No significant values
were found when LTL data were correlated with the other variables (positive nuclear and
cytoplasmic expression, presence of TILs, and pCR), as shown in Table 5. In other studies,
telomere shortening was associated with worse OS, i.e., telomere shortening is a risk factor
for toxicity after systemic treatment. Patients with breast tumors whose telomeres were
deemed critically short (<3 kb) were shown to have greater episodes of paclitaxel toxicity
(p < 0.001), unlike those with elongated telomeres [11].

Regarding prognosis, the shortening or lengthening of telomeres in leukocytes is still
controversial, with telomeres being slightly elongated in HR+ tumors (as shown in this
study) but without a significant value relationship [44]. On the other hand, among the
most robust risk studies for cancer development and TL assessment (n = 26,540 evaluated
individuals), telomere lengthening is a risk factor for cancer development (p < 0.001).
However, elongation persistence is a protective factor against cancer and non-cancer
mortality [45]. According to these data, although the comparison of survival between the
lengthening and shortening groups was not significant (Figure 3E), when evaluating the risk
among multiple variables (pCR, nuclear and cytoplasmic hTERT, TILs and LTL), telomere
shortening of leukocytes increased the risk for death by 1.9 (p = 0.04) (Table 6). Furthermore,
the relationship between telomere shortening in non-cancer cohorts exclusively and the
risk of death has been evaluated by Arbeev et al. (2020) [46]. From a cohort of 3259 subjects
and an 11-year follow-up, the authors stratified the 1525 deaths into three groups and
showed the risk-to-mortality ratio for a 1 kilobase decrease in LTL of 1.28, 1.13, and 1 to 53
for deaths attributed to cardiovascular disease, cancer, and other factors, respectively.

In summary, our study shows that pCR is a good prognosis indicator in neoadjuvant
therapy, confirming the findings of other studies [33,34,37,38]. hTERT nuclear labeling in
HER2-E breast tumors indicates a worse survival rate. Although the hTERT cytoplasmic
labeling here is inconclusive, its presence has been shown resistance to systemic therapy in
HER2+ breast tumors [40]. In the same context, leukocyte telomere elongation in patients
with HER2-E and HR+ breast tumors were significant when compared to controls and
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showed a higher risk of death in the multivariate analysis. A higher number of patients
with different breast tumor subtypes is needed to validate the tumor/leukocyte TL and
hTERT prognostic/predictive value in responses to neoadjuvant chemotherapy.

Author Contributions: L.D.: Conceptualization, Validation, Formal analysis, Investigation, Data
curation, funding acquisition, Writing Original Draft, Reviewing, and Editing. J.B.: Conceptualization,
Funding acquisition, Writing, Reviewing, and Editing. C.M.d.N.: Immunochemistry analysis and Val-
idation. PV.E: Immunochemistry analysis and Validation. I.d.S.B.: Molecular analysis and Validation.
G.B.R.: Molecular analysis and Validation. B.H.R.d.P.: Conceptualization, Investigation, and Review
and Editing. R.T.S.: Molecular analysis and Validation. M.H.F.O.: Conceptualization, Funding acqui-
sition, Writing, and Review. G.A.: Conceptualization, Investigation, Funding acquisition, Resources,
Supervision, Project administration, Writing, Reviewing, and Editing. C.L.: Conceptualization, Inves-
tigation, Funding acquisition, Resources, Supervision, Project administration, Writing, Reviewing,
and Editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Fundacao de Amparo a Pesquisa do Estado do Rio de Janeiro
(FAPER]), grant number no. E-26/210.217/2019. Lucas Delmonico received a Postdoc scholar-
ship (88887.334011/2019-00), financed by Coordenacao de Aperfeigoamento de Pessoal de Nivel
Superior (CAPES).

Institutional Review Board Statement: The study was conducted following the Declaration of
Helsinki, and approved by the Ethics Committee of the Instituto Nacional de Cancer José de Alencar
Gomes da Silva (No: 15293419.4.0000.5274, approved on 7 December 2019).

Informed Consent Statement: The study was approved by the institutional review board at each par-
ticipating site. The data are anonymous, and the requirement for informed consent was
therefore waived.

Data Availability Statement: The original anonymous dataset is available on request from the
corresponding author.

Acknowledgments: Special thanks to the national tumor bank of the Instituto Nacional de Cancer
José de Alencar Gomes da Silva, on behalf of Maria Theresa de Souza Accioly, Diego José Gomes de
Paula, and Luciana Medeiros de Castro.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

o

Schettini, F.; Buono, G.; Cardalesi, C.; Desideri, I.; De Placido, S.; Del Mastro, L. Hormone Receptor/Human Epidermal Growth
Factor Receptor 2-positive breast cancer: Where we are now and where we are going. Cancer Treat. Rev. 2016, 46, 20-26. [CrossRef]
[PubMed]

Swain, S.M.; Tang, G.; Lucas, P.C.; Robidoux, A.; Goerlitz, D.; Harris, B.T.; Bandos, H.; Geyer, C.E,, Jr.; Rastogi, P.; Mamounas,
E.P; et al. Pathologic complete response and outcomes by intrinsic subtypes in NSABP B-41, a randomized neoadjuvant trial of
chemotherapy with trastuzumab, lapatinib, or the combination. Breast Cancer Res. Treat. 2019, 178, 389-399. [CrossRef] [PubMed]
Gobbini, E.; Ezzalfani, M.; Dieras, V.; Bachelot, T.; Brain, E.; Debled, M.; Jacot, W.; Mouret-Reynier, M.A.; Goncalves, A.; Dalenc,
F.; et al. Time trends of overall survival among metastatic breast cancer patients in the real-life ESME cohort. Eur. |. Cancer. 2018,
96, 17-24. [CrossRef] [PubMed]

Ruffell, B.; Au, A,; Rugo, H.S.; Esserman, L.J.; Hwang, E.S.; Coussens, L.M. Leukocyte composition of human breast cancer. Proc.
Natl. Acad. Sci. USA 2012, 109, 2796-2801. [CrossRef]

Loi, S.; Sirtaine, N.; Piette, F,; Salgado, R.; Viale, G.; Van Eenoo, F.; Rouas, G.; Francis, P.; Crown, ].P,; Hitre, E.; et al. Prognostic and
predictive value of tumor-infiltrating lymphocytes in a phase IIl randomized adjuvant breast cancer trial in node-positive breast
cancer comparing the addition of docetaxel to doxorubicin with doxorubicin-based chemotherapy: BIG 02-98. |. Clin. Oncol. 2013,
31, 860-867. [CrossRef] [PubMed]

Hiam-Galvez, K.J.; Allen, B.M.; Spitzer, M.H. Systemic immunity in cancer. Nat. Rev. Cancer 2021, 21, 345-359. [CrossRef]
Demaria, S.; Volm, M.D.; Shapiro, R.L.; Yee, H.T.; Oratz, R.; Formenti, 5.C.; Muggia, F; Symmans, W.E. Development of
tumor-infiltrating lymphocytes in breast cancer after neoadjuvant paclitaxel chemotherapy. Clin. Cancer Res. 2001, 7, 3025-3030.
Loi, S.; Michiels, S.; Salgado, R.; Sirtaine, N.; Jose, V.; Fumagalli, D.; Kellokumpu-Lehtinen, P.L.; Bono, P; Kataja, V.; Desmedt, C.;
et al. Tumor-infiltrating lymphocytes are prognostic in triple negative breast cancer and predictive for trastuzumab benefit in
early breast cancer: Results from the FInHER trial. Ann. Oncol. 2014, 25, 1544-1550. [CrossRef]


http://doi.org/10.1016/j.ctrv.2016.03.012
http://www.ncbi.nlm.nih.gov/pubmed/27057657
http://doi.org/10.1007/s10549-019-05398-3
http://www.ncbi.nlm.nih.gov/pubmed/31428908
http://doi.org/10.1016/j.ejca.2018.03.015
http://www.ncbi.nlm.nih.gov/pubmed/29660596
http://doi.org/10.1073/pnas.1104303108
http://doi.org/10.1200/JCO.2011.41.0902
http://www.ncbi.nlm.nih.gov/pubmed/23341518
http://doi.org/10.1038/s41568-021-00347-z
http://doi.org/10.1093/annonc/mdu112

Curr. Oncol. 2023, 30 4108

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Denkert, C.; von Minckwitz, G.; Brase, ].C.; Sinn, B.V.; Gade, S.; Kronenwett, R.; Pfitzner, B.M.; Salat, C.; Loi, S.; Schmitt, W.D.; et al.
Tumor-infiltrating lymphocytes and response to neoadjuvant chemotherapy with or without carboplatin in human epidermal
growth factor receptor 2-positive and triple-negative primary breast cancers. . Clin. Oncol. 2015, 33, 983-991. [CrossRef]

Zhou, J.; Shen, X.; Huang, J.; Hodes, R.J.; Rosenberg, S.A.; Robbins, P.F. Telomere length of transferred lymphocytes correlates with
in vivo persistence and tumor regression in melanoma patients receiving cell transfer therapy. J. Immunol. 2005, 175, 7046-7052.
[CrossRef]

Quintela-Fandino, M.; Soberon, N.; Lluch, A.; Manso, L.; Calvo, I.; Cortes, J.; Moreno-Antén, E; Gil-Gil, M.; Martinez-Janez, N.;
Gonzalez-Martin, A.; et al. Critically short telomeres and toxicity of chemotherapy in early breast cancer. Oncotarget 2017, 28,
21472-21482. [CrossRef] [PubMed]

Blackburn, E.H. Structure and function of telomeres. Nature 1991, 350, 569-573. [CrossRef] [PubMed]

Heaphy, C.M.; Subhawong, A.P.; Gross, A.L.; Konishi, Y.; Kouprina, N.; Argani, P.; Visvanathan, K.; Meeker, A K. Shorter
telomeres in luminal B, HER-2 and triple-negative breast cancer subtypes. Mod. Pathol. 2011, 24, 194-200. [CrossRef]

Robinson, N.J.; Schiemann, W.P. Telomerase in cancer: Function, regulation, and clinical translation. Cancers 2022, 14, 808.
[CrossRef] [PubMed]

Gay-Bellile, M.; Romero, P.; Cayre, A.; Véronese, L.; Privat, M.; Singh, S.; Combes, P.; Kwiatkowski, F.; Abrial, C.; Bignon, Y.J.;
et al. ERCC1 and telomere status in breast tumours treated with neoadjuvant chemotherapy and their association with patient
prognosis. . Pathol. Clin. Res. 2016, 2, 234-246. [CrossRef]

Ceja-Rangel, H.A.; Sanchez-Suarez, P; Castellanos-Juarez, E.; Pefiaroja-Flores, R.; Arenas-Aranda, D.J.; Gariglio, P.; Benitez-
Bribiesca, L. Shorter telomeres and high telomerase activity correlate with a highly aggressive phenotype in breast cancer cell
lines. Tumour Biol. 2016, 37, 11917-11926. [CrossRef]

Cong, Y.S.; Wen, J.; Bacchetti, S. The human telomerase catalytic subunit hTERT: Organization of the gene and characterization of
the promoter. Hum. Mol. Genet. 1999, 8, 137-142. [CrossRef]

Wick, M.; Zubov, D.; Hagen, G. Genomic organization and promoter characterization of the gene encoding the human telomerase
reverse transcriptase (WTERT). Gene 1999, 17, 97-106. [CrossRef]

Takakura, M.; Kyo, S.; Kanaya, T.; Hirano, H.; Takeda, J.; Yutsudo, M.; Inoue, M. Cloning of human telomerase catalytic
subunit (hTERT) gene promoter and identification of proximal core promoter sequences essential for transcriptional activation in
immortalized and cancer cells. Cancer Res. 1999, 1, 551-557.

Zehir, A.; Benayed, R.; Shah, R.H.; Syed, A.; Middha, S.; Kim, H.R,; Srinivasan, P.; Gao, J.; Chakravarty, D.; Devlin, S.M.; et al.
Mutational landscape of metastatic cancer revealed from prospective clinical sequencing of 10,000 patients. Nat. Med. 2017, 23,
703-713, Erratum in: Nat. Med. 2017, 23, 1004. [CrossRef]

Piscuoglio, S.; Ng, C.K.; Murray, M.; Burke, K.A.; Edelweiss, M.; Geyer, E.C.; Macedo, G.S.; Inagaki, A.; Papanastasiou, A.D.;
Martelotto, L.G.; et al. Massively parallel sequencing of phyllodes tumours of the breast reveals actionable mutations, and TERT
promoter hotspot mutations and TERT gene amplification as likely drivers of progression. J. Pathol. 2016, 238, 508-518. [CrossRef]
[PubMed]

da Silva, EIM.; Selenica, P.; Vahdatinia, M.; Pareja, F.; Da Cruz Paula, A.; Ferrando, L.; Gazzo, A.M.; Dopeso, H.; Ross, D.S.;
Bakhteri, A ; et al. TERT promoter hotspot mutations and gene amplification in metaplastic breast cancer. NPJ Breast Cancer 2021,
7,43. [CrossRef] [PubMed]

Lakhani, S.R.; Ellis, 1.O.; Schnitt, S.J.; Tan, PH.; van de Vijver, M.J. WHO Classification of Tumours of the Breast, 4th ed.; IARC Press:
Lyon, France, 2012.

Elston, C.W,; Ellis, 1.O. Pathological prognostic factors in breast cancer. I. The value of histological grade in breast cancer:
Experience from a large study with long-term follow-up. Histopathology 1991, 19, 403-410. [CrossRef] [PubMed]

Salgado, R.; Denkert, C.; Demaria, S.; Sirtaine, N.; Klauschen, F.; Pruneri, G.; Wienert, S.; Van den Eynden, G.; Baehner, F.L.;
Penault-Llorca, F; et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: Recommendations by an
International TILs Working Group 2014. Ann. Oncol. 2015, 26, 259-271. [CrossRef]

Ulaner, G.A.; Hu, ].E; Vu, TH,; Giudice, L.C.; Hoffman, A.R. Telomerase activity in human development is regulated by human
telomerase reverse transcriptase (hTERT) transcription and by alternate splicing of hTERT transcripts. Cancer Res. 1998, 58,
4168-4172.

Lincz, L.E; Mudge, LM.; Scorgie, FE.; Sakoff, ].A.; Hamilton, C.S.; Seldon, M. Quantification of hTERT splice variants in
melanoma by SYBR green real-time polymerase chain reaction indicates a negative regulatory role for the beta deletion variant.
Neoplasia 2008, 10, 1131-1137. [CrossRef]

Trung, N.T.; Hoan, N.X.; Trung, P.Q.; Binh, M.T.; Van Tong, H.; Toan, N.L.; Bang, M.H.; Song, L.H. Clinical significance of
combined circulating TERT promoter mutations and miR-122 expression for screening HBV-related hepatocellular carcinoma. Sci
Rep. 2020, 10, 8181. [CrossRef]

Delmonico, L.; Costa, M.A.S.M.; Fournier, M.V.; Romano, S.0.; Nascimento, C.M.D.; Barbosa, A.S.; Moreira, A.D.S.; Scherrer, L.R.;
Ornellas, M.HL.E;; Alves, G. Mutation profiling in the PIK3CA, TP53, and CDKN2A genes in circulating free DNA and impalpable
breast lesions. Ann. Diagn. Pathol. 2019, 39, 30-35. [CrossRef]

Cawthon, R M. Telomere measurement by quantitative PCR. Nucleic Acids Res. 2002, 30, e47. [CrossRef]

Joglekar, M.V.; Satoor, S.N.; Wong, WK.M.; Cheng, F; Ma, R.C.W,; Hardikar, A.A. An Optimised Step-by-Step protocol for
measuring relative telomere length. Methods Protoc. 2020, 3, 27. [CrossRef]


http://doi.org/10.1200/JCO.2014.58.1967
http://doi.org/10.4049/jimmunol.175.10.7046
http://doi.org/10.18632/oncotarget.15592
http://www.ncbi.nlm.nih.gov/pubmed/28423524
http://doi.org/10.1038/350569a0
http://www.ncbi.nlm.nih.gov/pubmed/1708110
http://doi.org/10.1038/modpathol.2010.198
http://doi.org/10.3390/cancers14030808
http://www.ncbi.nlm.nih.gov/pubmed/35159075
http://doi.org/10.1002/cjp2.52
http://doi.org/10.1007/s13277-016-5045-7
http://doi.org/10.1093/hmg/8.1.137
http://doi.org/10.1016/S0378-1119(99)00108-0
http://doi.org/10.1038/nm.4333
http://doi.org/10.1002/path.4672
http://www.ncbi.nlm.nih.gov/pubmed/26832993
http://doi.org/10.1038/s41523-021-00250-8
http://www.ncbi.nlm.nih.gov/pubmed/33863915
http://doi.org/10.1111/j.1365-2559.1991.tb00229.x
http://www.ncbi.nlm.nih.gov/pubmed/1757079
http://doi.org/10.1093/annonc/mdu450
http://doi.org/10.1593/neo.08644
http://doi.org/10.1038/s41598-020-65213-8
http://doi.org/10.1016/j.anndiagpath.2018.12.008
http://doi.org/10.1093/nar/30.10.e47
http://doi.org/10.3390/mps3020027

Curr. Oncol. 2023, 30 4109

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Liu, K.; Schoonmaker, M.M.; Levine, B.L.; June, C.H.; Hodes, R.]J.; Weng, N.P. Constitutive and regulated expression of telomerase
reverse transcriptase (W\TERT) in human lymphocytes. Proc. Natl. Acad. Sci. USA 1999, 96, 5147-5152. [CrossRef]

Hamy, A.S.; Bonsang-Kitzis, H.; De Croze, D.; Laas, E.; Darrigues, L.; Topciu, L.; Menet, E.; Vincent-Salomon, A.; Lerebours, E;
Pierga, J.Y.; et al. Interaction between molecular subtypes and stromal immune infiltration before and after treatment in breast
cancer patients treated with neoadjuvant chemotherapy. Clin. Cancer Res. 2019, 25, 6731-6741. [CrossRef]

Denkert, C.; von Minckwitz, G.; Darb-Esfahani, S.; Lederer, B.; Heppner, B.I.; Weber, K.E.; Budczies, ].; Huober, J.; Klauschen, E;
Furlanetto, J.; et al. Tumour-infiltrating lymphocytes and prognosis in different subtypes of breast cancer: A pooled analysis of
3771, patients treated with neoadjuvant therapy. Lancet Oncol. 2018, 19, 40-50. [CrossRef]

Belkacem, O.; Bacha, D.; Rahoui, N.; Zran, M.D.; Lahmar, A.; Slama, S.B. Prognostic value of tumor-infiltrating lymphocytes
(TILS) and their association with clinicopathological features in breast cancer: A retrospective study involving 53 cases. Rev. Senol.
Patol. Mamar. 2022, 35, 160-166. [CrossRef]

Takada, K.; Kashiwagi, S.; Asano, Y.; Goto, W.; Morisaki, T.; Shibutani, M.; Tanaka, H.; Hirakawa, K.; Ohira, M. Differences in
tumor-infiltrating lymphocyte density and prognostic factors for breast cancer by patient age. World J. Surg. Oncol. 2022, 17, 38.
[CrossRef] [PubMed]

Early Breast Cancer Trialists' Collaborative Group (EBCTCG). Long-term outcomes for neoadjuvant versus adjuvant chemotherapy
in early breast cancer: Meta-analysis of individual patient data from ten randomised trials. Lancet Oncol. 2018, 19, 27-39. [CrossRef]
[PubMed]

Zarotti, C.; Papassotiropoulos, B.; Elfgen, C.; Dedes, K.; Vorburger, D.; Pestalozzi, B.; Trojan, A.; Varga, Z. Biomarker dynamics
and prognosis in breast cancer after neoadjuvant chemotherapy. Sci. Rep. 2022, 12, 91. [CrossRef]

Shen, J.; Gammon, M.D.; Terry, M.B.; Bradshaw, P.T.; Wang, Q.; Teitelbaum, S.L.; Neugut, A.L; Santella, R.M. Genetic polymor-
phisms in telomere pathway genes, telomere length, and breast cancer survival. Breast Cancer Res. Treat. 2012, 134, 393—400.
[CrossRef] [PubMed]

Uno, Y,; Tanaka, H.; Miyakawa, K.; Akiyama, N.; Kamikokura, Y.; Yuzawa, S.; Kitada, M.; Takei, H.; Tanino, M. Subcellular
localization of hTERT in breast cancer: Insights into its tumorigenesis and drug resistance mechanisms in HER2-immunopositive
breast cancer. Hum. Pathol. 2023, 134, 74-84. [CrossRef] [PubMed]

Gomatou, G.; Masaoutis, C.; Vamvakaris, I.; Kotteas, E.; Bouros, E.; Tzilas, V.; Bouros, D. Differential immunohistochemical
expression of hTERT in lung cancer patients with and without idiopathic pulmonary fibrosis. Pulmonology 2022. ahead of print.
[CrossRef]

Nishi, Y.; Aoki, T.; Shimizu, T; Sato, S.; Matsumoto, T.; Shiraki, T.; Sakuraoka, Y.; Mori, S.; Iso, Y.; Ishizuka, M.; et al. Significance of
cytoplasmic expression of telomerase reverse transcriptase in patients with hepatocellular carcinoma undergoing liver resection.
Mol. Clin. Oncol. 2021, 15, 244. [CrossRef]

Shimoi, T.; Yoshida, M.; Kitamura, Y.; Yoshino, T.; Kawachi, A.; Shimomura, A.; Noguchi, E.; Yunokawa, M.; Yonemori, K,;
Shimizu, C.; et al. TERT promoter hotspot mutations in breast cancer. Breast Cancer 2018, 25, 292-296. [CrossRef]
Ennour-Idrissi, K.; Maunsell, E.; Diorio, C. Telomere length and breast cancer prognosis: A systematic review. Cancer Epidemiol.
Biomark. Prev. 2017, 26, 3-10. [CrossRef]

Samavat, H.; Luu, H.N.; Beckman, K.B.; Jin, A.; Wang, R.; Koh, W.P;; Yuan, ].M. Leukocyte telomere length, cancer incidence and
all-cause mortality among Chinese adults: Singapore Chinese Health Study. Int. J. Cancer 2021, 148, 352-362. [CrossRef]
Arbeev, K.G.; Verhulst, S.; Steenstrup, T.; Kark, ].D.; Bagley, O.; Kooperberg, C.; Reiner, A.P.; Hwang, S.J.; Levy, D.; Fitzpatrick,
A.L,; et al. Association of leukocyte telomere length with mortality among adult participants in 3 longitudinal studies. JAMA
Netw. Open 2020, 3, €200023. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1073/pnas.96.9.5147
http://doi.org/10.1158/1078-0432.CCR-18-3017
http://doi.org/10.1016/S1470-2045(17)30904-X
http://doi.org/10.1016/j.senol.2021.07.003
http://doi.org/10.1186/s12957-022-02513-5
http://www.ncbi.nlm.nih.gov/pubmed/35177074
http://doi.org/10.1016/S1470-2045(17)30777-5
http://www.ncbi.nlm.nih.gov/pubmed/29242041
http://doi.org/10.1038/s41598-021-04032-x
http://doi.org/10.1007/s10549-012-2058-9
http://www.ncbi.nlm.nih.gov/pubmed/22527105
http://doi.org/10.1016/j.humpath.2022.12.010
http://www.ncbi.nlm.nih.gov/pubmed/36549600
http://doi.org/10.1016/j.pulmoe.2021.12.001
http://doi.org/10.3892/mco.2021.2406
http://doi.org/10.1007/s12282-017-0825-5
http://doi.org/10.1158/1055-9965.EPI-16-0343
http://doi.org/10.1002/ijc.33211
http://doi.org/10.1001/jamanetworkopen.2020.0023

	Introduction 
	Materials and Methods 
	Patients 
	Tumor Infiltrating Lymphocytes (TILs) Determination 
	hTERT Immunohistochemistry 
	Qualitative Evaluation of hTR/hTERT and Splice Variants in Breast Cancer Tissues and Leukocytes plus Investigation of Mutations in the hTERT Promoter Region 
	Leukocytes Telomere Length (LTL) 
	Statistical Analysis 

	Results 
	Clinical Data, pCR, and TILs 
	hTERT Expression by Immunochemistry 
	hTERT Expression by Immunochemistry and Correlation between the Clinical Variables 
	hTR/hTERT Transcripts Qualitative and hTERT Promoter Region Evaluation 
	Leukocyte Telomere Length 
	Leukocyte Telomere Length in HER2-E Breast Cancer and Correlation with Other Variables 
	Survival Progression-Free Survival Assessment of HER2-E Cases 

	Discussion 
	References

