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1. INTRODUCTION

Epidemiological and ethiological background

Breast cancer is the most common cancer among women worldwide, accounting for 22%
of all cancers in women. According to the literature, one in eight women will certainly develop
some form of breast cancer during their lifetime. In Hungary, approximately 8.000 new cases
are diagnosed in every year, and about 2.800 women die as a result of the disease, making breast
tumors the third most common cause of cancer death. Causes of breast cancer development
include genetic predisposition, hormonal imbalance, effects of certain environmental factors,
familial accumulation, and gene mutations of BRCA-1 and BRCA-2 (Breast Cancer Genes 1
and 2). Any endogenous or exogenous ovarian hormone exposure, such as premature menarche,
late menopause, hyperestrogenism, and the use of hormonal contraceptives for more than five

years, also increases the risk of developing breast cancer.

Morphology, signs and diagnostical methods

Invasive tumors are mostly presented as painless lumps, which can be detected by the
patient himself or through the required screening tests. The tumor cells may form metastasis in
the axillary lymph nodes via the lymphogen route. Advanced stage breast cancer can infiltrate
the subcutaneous adipose tissue, the muscles of the chest wall, the skin, and the mammilla,
causing the retraction of the latter. Hematogenous metastasis occurs primarily in bones (70%)
in the lungs (60%) in the liver and in adrenal glands.

Mammography and breast ultrasound (UH), as well as cytological examination from core
biopsies or fine-needle aspiration biopsies (FTAB), are currently the most commonly used and
accepted diagnostics. The stage of the disease is determined by the size of the tumor and the
number of metastatic lymph nodes or the presence of distant metastases. Axillary lymph node
status is one of the most important prognostic factors for disease-free survival and overall
survival. Although it has been shown that the presence or the lack of hormone receptors
(estrogen, progesterone, herceptin receptors), determined during the histological processing of
tissues, are also predictive. Currently, to monitor the course of the disease besides the
radiological methods (mammography, CT, MRI, PET-CT), specific tumor markers (CEA, CA

15.3), which can be detected in the blood, are also used.



Surgical treatment of the breast cancers

Until the 1970s, the mechanical approach prevailed in surgical care, according to which
the breast cancer was a loco-regional disease, and the expected survival was determined by the
surgical radicality. Thus, the effort for total radicalization and mutilating surgeries were
preferred. By the end of the 20th century, the so-called biological approach was developed,
according to which breast cancer is a systemic disease and should, therefore, be treated
systematically, and the survival is not determined by the surgical radicality itself. So-called
breast-conserving surgeries (BCS), with reduced radicality, have come to the front. Extensive
clinical studies have shown that in terms of local recurrence or long-term survival, there is no
difference between mastectomy and those breast-conserving surgeries which were completed
with irradiation.

If total breast removal is required, in current practice, modified radical mastectomy is the
"gold standard" technique, whereby next to the breast, only the level I and level II axillary
lymph nodes are removed. In the case of early-stage invasive tumors, besides oncological
radicality, aesthetics also plays an essential role in the modern surgical therapy of breast tumors.
Therefore, we aim to leave as much normal breast tissues as possible by performing sectoral
excision- breast conserving surgery. However, irradiation of the remaining glandular tissue is
essential after BCS. In some cases, subcutaneous mastectomy is another option, which means
the removal of the glandular tissue while the breast skin is spared. This surgery is only
recommended if the procedure ends with immediate breast reconstruction, using free or
pedicled flaps, implants, or tissue expanders.

There has also been a need to reduce radicalization in the care of axillary lymph nodes
due to frequent consequences such as lymphoedema and nerve dysfunction, occurring during
the total axillary lymph node dissection. The Sentinel lymph node biopsy technique has been
introduced, which helps to remove selectively the most likely location of the regional
metastasis. If this is tumor-free, it is not necessary to remove all the axillary lymph nodes.

In the case of breast cancer patients, the determination of surgical indication and the
decision of the need for adjuvant and neoadjuvant therapy is a work of the "onco-team," which
includes radiologists, pathologists, oncologists, and surgeons. Radicality of surgical care is

determined by the size of the tumor and the involvement of the axillary lymph nodes.



Oncological treatment options
Adjuvant therapy

Adjuvant therapy includes post-operative irradiation, chemotherapy, hormone therapy
based on receptor status, and biological treatment in HER2 (Human Epidermal Growth Factor
Receptor 2) positive cases. Irradiation, by destroying viable tumor cells that are still lying in
the tumor bed, reduces the risk of local recurrence by a third. In the case of breast cancers,
chemotherapy is based on the use of anthracycline and taxane-containing agents.

In the case of estrogen receptor (ER) positive tumors, we aim to reduce the level of
estrogen, that reaches the receptors, using GNRH analogous, aromatase inhibitors (Al), anti-
estrogens, and tamoxifen (Zitazonium®). Reduced hormone levels inhibit the proliferation of
tumor cells. In progesterone-sensitive tumors, therapy can be supplemented with the
administration of luteinizing hormone-releasing hormone (LHRH) analogous, which may
further reduce sex hormone secretion.

HER?2 is found in large amounts on the surface of certain tumor cells, where it stimulates
the growth of tumor cells. Trastuzumab (Herceptin®) binds selectively to these receptors,
stopping the growth of tumor cells and causing the destruction of them. Another effective
medicine is the bevacizumab (Avastin®), which causes reduction in the number of the blood

vessels in the tumor, leading to insufficient oxygen and nutrient supply and causing its atrophy.

Neoadjuvant therapy

Pre-operative chemotherapy treatment, also known as neoadjuvant therapy or primary
systemic therapy (PST), can be offered to all patients who will require postoperative adjuvant
chemotherapy. The advantage of it is that the systemic treatment may begin as early as possible
after diagnosis. Based on the extent of tumor regression, we are informed about the efficacy of
the therapy, and in the case of inefficacy, the treatment may be modified. As a result of the
neoadjuvant treatment, the size of the tumor decreases, so an unresectable tumor may become
removable. Moreover, in some instances, due to the shrinkage of an originally resectable tumor,
BCS can also be considered as an option. Its further advantage is that the initiation of
chemotherapy treatment is not delayed by possible postoperative complications, and the
efficacy of PST in vivo, also refers to a subsequent prognosis of the disease. Among the
drawbacks, we should highlight the fact, that unfortunately, some patients do not respond to the

treatment.



2. NEOADJUVANT (PST) TREATMENT OF BREAST CANCER PATIENTS

Introduction

Neoadjuvant chemotherapy, also known as primary systemic therapy, is currently
routinely used, besides the treatment of locally advanced breast cancer (LABC) and
inflammatory breast cancer (mastitis carcinomatosa), in some cases of operable breast cancer
as well. The goal of PST is to reduce the viability of tumorous tissues, to prevent the vascular
and lymphatic invasion of tumor cells, and to reduce the chance of local recurrence by
destroying micrometastases. As a result of PST, tumor size may be reduced, resulting in the
potential resection of unresectable tumors and a significant increase in the rate of breast

preservation surgery.

Aim of this study

In the present study, we retrospectively processed the radiological and histological
findings of our patients who underwent breast surgery in our clinic between 2007 and 2012 and
got PST because of breast cancer. Our goal was:
- to evaluate the effectiveness of our PST protocol and compare results with the literature data
- investigate the impact of PST on surgical treatment
- mapping the rate at which breast conserving surgery can be performed after PST
- to study the relationship between PST response and histological features
- assess the effectiveness of preoperative examination of axillary lymph node metastases, and

- review survival data of the patients we treated

Patients and methods

In our retrospective study, we enrolled 204 patients who were undergoing surgery after
preoperative chemotherapy because of breast cancer between March 2007 and September 2012
at the Department of Surgery of the Clinical Center University of Pécs (PTE KK). Patients were
divided into two groups according to their stage: in one group the patients received PST because
of an advanced-stage unresectable cancer or mastitis carcinoma (24.5%, n=50) and thus,
because of the so-called conversion chemotherapy, became operable. The other group included
patients with primary resectable cancer (75.5%, n = 154).

The 21% of patients had FEC (5-Fluorouracil 500 mg/m” iv + Epirubicin 100 mg m” iv +
Cyclophosphamide 500 mg/m?” iv) while 79% of patients got TXT + EPI (Docetaxel 75 mg/m®
iv) + Epirubicin 75 mg/m® iv) combination therapy for 6 cycles. After the third cycle of

chemotherapy, radiological control was performed. In the case of regression or stagnation
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another three cycles of chemotherapy were applied, but in the case of progression, the patient
was immediately operated on, and mastectomy was performed. In small tumors (T1c-T2)
without extensive DCIS component or in the case of well responsive tumors BCS, or in other
words, sectoral excision was performed. In large tumors (T3, LABC) and cases of mastitis
carcinomatosa, regardless of the extent of remission, mastectomy was the chosen procedure. If
the axillary lymph node metastasis was not confirmed at the patient during the early staging,
then during the operation Sentinel biopsy was performed, and further axillary care was made
dependent on this. If metastatic lymph node was detectable already before chemotherapy,
axillary block dissection was performed regardless of the degree of radiological regression.
During our retrospective analysis, pTNM was also considered, which involves the
histological type, localization, receptor status of the tumor, and it also includes the involvement
of axillary lymph nodes. Specimens removed during surgery were divided into four groups
based on the histological picture: complete, significant, moderate remission and those who did
not respond to treatment. According to our definition, in the case of complete pathological
remission, there were no detectable viable tumor cells in the glandular tissue. Significant
remission was observed when tumor body size was reduced compared to imaging examinations,
became hypocellular, and less than 10% of the tumor cells seemed viable. In moderate
remission, tumor size was reduced compared to the original size, and the proliferative activity
was abolished, but only a slight decrease in cellularity was seen. The patient did not respond to
the treatment (a.k.a. non-responder) if the proliferation activity was not reduced and the tumor

size stagnated or possibly increased.

Results

Based on the histological findings, regarding the stadium T, complete remission was
found in 20% (n = 41) of patients and significant remission in 25.5% (n = 52). A further 33.8%
(n = 69) of patients had moderate regression after neoadjuvant treatment, while 21% (n = 42)
did not respond (non-responder) to the treatment.

Regarding the receptor status, HER2 + patients responded best to PST, 36% of the
patients achieved complete pathological remission (cPR) and a further 17% achieved significant
remission. Complete remission rates were also very high in triple-negative breast cancer
patients (24%), but non-responder rates were also the highest in this patient group (38%), and
further 38% of these cases were showing only moderate remission. Tumors with ER+ and PR
+ receptor status had the lowest incidence of cPR, but significant remission was also seen in

32% of these patients.



After PST and surgery, a significant shift towards the lower T stages (down-staging) was
observed with respect to the pathologist-determined stage. The distribution of surgical types is
shown in Table 1.

Table 1. Surgical solutions

n %
Sectoral excision 71 35
Mastectomy 129 63
Subcutan mastectomy 4 2
Re-excision
rate 33 16
cause
- involvement by the tumor or by DCIS 15 45
- narrow resection margin 18 55

Compared the baseline axillary status with the pathological findings, the number of the
patients who had lymph node metastases, from the initial 69% (n=141) decreased to 52,5 %
(n=107) by the effect of PST.

The median survival for patients with advanced-stage breast cancer (T3-T4) was 78.3
months (~6,5 year) (St. Dev: 42.5) and 96.2 months (~8 year) (St. Dev: 37.1) in patients with
primary resectable breast cancer (T1-T2) who underwent PST, which was a significant
difference. Five-year survival was 65,1% in our advanced-stage breast cancer patients and

83,7% in primary resectable breast cancer patients, which was also significant (p=0.01171).

Discussion

In our study, the effectiveness of PST was monitored by comparing the results of
preoperative staging examinations with those pathological staging results, which were
determined from the surgical specimen. Histological examination revealed complete remission
in 20% of patients, and this rate is in the range reported in the literature (5-30%). Significant
remission was observed in 25.5% of patients, and moderate regression was achieved in a further
33.8%. The 21% of patients did not respond to the treatment, proliferation activity did not
decrease, and the size of the tumor stagnated, or in some cases, it increased.

The therapeutic response to the neoadjuvant treatment was the best in the HER2 +

patients, which means similar result to those data which was found in the literature. Although



cPR was found more rarely in tumors with ER and PR positive receptor status, PST proved to
be also very effective in these patients due to many significant remissions, so altogether, 42%
of patients responded well. The rate of cPR was also very high in triple-negative patients (24%);
however, the highest rate of non-responder patients was also found in this group (38%), and
only a modest remission was observed in another 38% of patients. Thus, PST was the least
effective in this group of patients, but in those patients, who responded to the treatment,
complete remission was seen. The results of our retrospective study are consistent with data
from Starver et al. who demonstrated, by multivariate analysis, that the only significant
predictor factor of cPR is the receptor status of the tumor.

There is no consensus or a well-established criteria system for surgical care regarding the
indication of BCS after neoadjuvant treatment. Given that, the neoadjuvant treatment has
virtually no effect on the in situ component, despite cPR or pronounced down-staging, BCS can
not be safely recommended in those patients where the tumor is surrounded by radiologically
demonstrable extensive DCIS, as subsequent tumor recurrence are based on these cells.

Patients who have already had lymph node metastases during preoperative staging,
independently of the effects of PST, we performed level I-11I. axillary block dissection. Sentinel
lymph node biopsy and low axillary dissection (removal of 1-4 lymph nodes) were performed
in the initially axillary negative patients. If metastasis was confirmed at the histological
examination, a further operation was performed to remove level I-II. axillary lymph nodes.

Examining the response to PST, depending on the localization of the tumors, we found
that 70% of central tumors, 38% of lower-inner quadrant tumors, 34% of upper-outer quadrant
tumors, and 23% of both lower-outer and upper-inner quadrant tumors responded extremely
well to the treatment (achieving complete and significant regression). Thus, centrally located
tumors responded best to treatment. It is believed that this is due to the breast blood supply, but
its explanation requires more studies with a higher number of cases, like international studies.

In conclusion, we can say that the neoadjuvant treatment we applied in breast cancer
patients was significantly effective in reducing tumor size, whereas we noticed less effect on
lymph node status. Often, after neoadjuvant therapy, because of the residual DCIS, we are not
able to reduce the volume of resection as much as the tumor size reduction would allow. During
the processed 5-year period, thanks to the PST, 26 patients became operable from the primary
unresectable stage (conversion chemotherapy). Our results strongly support the multimodal

treatment of breast tumors and the need for neoadjuvant therapy.



3. DSC ANALYSIS OF THE BLOOD PLASMA OF BREAST CANCER PATIENTS

Introduction

Differential scanning calorimetry (DSC) is a thermoanalytical method can detect and
tracking small temperature changes between the test sample and the reference material, thus, it
is suitable to examine biological structures as well. By changing the temperature, we can reach
the point where the chemical form or crystal structure of the given substance changes. By
detecting the temperature of the conversion and the thermal energy absorbed/released during
this process, we can identify the chemical structure of the material. The DSC instrument
measures that electrical power which is needed to maintain the sample and reference material
at the same temperature when they are heated or cooled. Evaluation of the DSC thermogram
answers how the heat flux, which is the amount of heat passing through the material per unit of
time, has changed on the curve by increasing the temperature.

Previous studies have shown that thermodynamic changes in biological structures can be
related to the development of various diseases. In addition, these thermoanalytical changes have
been shown to be [transition temperature: Ty, (° C); calorimetric enthalpy: AH (J / g)] appear
specifically in different diseases and within each stage they differ from each other. In a
summary published in 2009, Garbett et al. investigated thermal changes in blood plasma using
the DSC technique and concluded that the examined tumors and diseases might have an unique,
fingerprint-like thermal curve. Recent researches, therefore, suggest that DSC, besides the
conventional diagnostic procedures, may provide useful information for oncological diseases,

but there is no literature on previous DSC testing in breast cancer patients.

Aim of this study

In our study, we sought to determine whether

-there is a difference in DSC curves of blood samples from healthy and breast cancer patients,
or not?

-the thermoanalysis correlate with disease stage and progression, or not?

Patients and methods

In our prospective study, we included 19 women with operable breast cancer who had
undergone surgery in the Surgery Clinic of University of Pécs in Hungary. Patients were
categorized by the maximum tumor diameter (5-75 mm) and by the number of metastatic

axillary lymph nodes (0-10 pcs).



DSC measuring

Peripheral blood samples were taken in Vacutainer tubes containing EDTA (1.5 mg/ml
sample), from healthy adults (control group, n = 3) and from patients immediately prior to
surgery (n = 19). Subsequently, the plasma fraction was separated from the blood cells at 4 ° C.
Plasma thermal denaturation was determined by using a SETARAM micro DSC-II calorimeter.
Calorimetric enthalpy was calculated from the area under the heat absorption curve by using
two-point setting SETARAM peak integration. Data were graphically processed, after the
ASCII conversion, by using the Origin (ver. 6.0) software (Microcal Software Inc,
Northampton, USA).

The mean and standard error (SE) were calculated to evaluate the results. Data were
processed in the case of n > 5 by T-probe. The significance was p <0.05. MicroCal Origin 6.0

program (Microcal Software, USA) was used for evaluation.

Results

Comparing the DSC curves of healthy controls with the results of the breast cancer
patients, measurements showed different thermal domains (based on Ty, and the run of curves)
during the denaturation, depending on tumor size and number of metastatic lymph nodes. In
terms of the tumor size, the tendency of the results was like the disease progression. On the
thermograms, these changes were most noticeable in the group 11-20 mm (Group 2), and in
Group 4 (where comparing to this, the tumor diameter was double). According to our
measurements, Tp3 and Tps may be good indicators of the disease progression. Compared to
the control group a new peak, Tma, appeared in those patients where the tumor diameter was
greater than 10 mm but less than 50 mm. All this is confirmed by the decreasing characteristic
of calorimetric enthalpy of the plasma. It would be expedient to extend the examinations to a
higher number of cases, but the characteristic (trend) of the differences among the groups is
still clearly visible. Thus, according to the DSC data, in the tumor samples, the alteration of the
structural unit belonging to the second and third melting temperatures can be considered as a
good indicator of the severity of the disease, in terms of increasing the number of metastatic
lymph nodes. The T4 and tms thermal parameters were detectable only in cancer patients, and

they did not appear in the healthy control group.

Discussion
Our study investigated the thermal changes in the plasma of breast cancer patients by the

DSC method, as a function of tumor size and number of metastatic regional lymph nodes.
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Overview the thermograms of the 19 patients, we observed a unique characteristic compared to
the curves of healthy controls. Comparing the DSC curves of healthy controls to the breast
cancer patients, the measurements indicated a different frequency of the Ty and T3 thermal
domains, depending on the size of the tumor and hence, the severity of the disease. The new
denaturation transition (Ty4) was detected only in the plasma of cancer patients.

Examining those patient groups, which were formed according to the number of
metastatic lymph nodes, we found that in control samples, only two major transformation
temperatures (Tmi, Tm3) were more likely to be detected and T, appeared mainly in-patient
samples. The T3 conversion peak showed a significantly different temperature compared to
the control group. In addition, Tms4 and Tpys thermal parameters were detectable only in cancer
patients and did not appear in the healthy group. Calorimetric enthalpy also correlates with
disease severity, but due to the low number of cases, this result was only significant in patients
with 1-3 metastatic lymph nodes.

Our results are important for several reasons. On the one hand, the DSC examination can
not only clarify the presence of breast cancer but can also be used to distinguish different stages
and to monitor the course of the disease. On the other hand, over the past ten years, numerous
oncological studies have confirmed the possible role and potential use of thermoanalytical

measurements of blood plasma in the course and monitoring of the disease.
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4. THE IMPORTANCE OF THE OXIDATIVE STRESS
IN BREAST CANCER PATIENTS

Introduction

The etiology of breast cancer is multifactorial, and besides the genetic predisposition, the
most known risk factors (age, obesity, drugs, hormones, etc.) are associated with cellular
oxidative damage of the mammary gland. Oxygen-Free Radicals (OFRs) play a key role in
carcinogenesis, by triggering, and promoting tumor progression and systemic tumor invasion.
One of the main sources of OFRs are polymorphonuclear leukocytes (PMNs), which directly
release OFRs and indirectly enhance free radical production by a lysosomal myeloperoxidase
enzyme (MPO). Tumor cells produce far more OFRs than normal cells. The deleterious effects
of oxidative stress can be counteracted by non-enzymatic (e.g., reduced glutathione: GSH;
sulthydryl groups: -SH groups) and enzymatic (e.g., superoxide dismutase: SOD; catalase:
CAT) antioxidants.

Aim of this study
The purpose of this study was to detect oxidative stress and antioxidant parameters in
blood plasma in breast cancer patients with different tumor sizes, lymph node involvement,

receptor status, mitotic activity, and chemotherapy.

Patients and methods

Our prospective study included 40 newly diagnosed women with operable breast cancer.
Patients were categorized according to tumor diameter (T), number of metastatic regional
lymph nodes (N), proliferation activity (MIB-1), receptor status, and the presence or absence
of neoadjuvant preoperative chemotherapy. According the tumor diameter patients were
classified into T1 (n=12), T2 (n=11), T3 (n = 10) and T4 (n = 7) groups. Based on the number
of metastatic axillary lymph nodes, patients were divided into three groups: NO (n = 12), N1 (n
=20), N2 (n = 8). Four groups were formed based on proliferation activity: MIB-1 (n = 15),
MIB-2 (n = 8), MIB-3 (n = 10) and MIB-4 (n = 7). Considering the receptor status of the tumor,
three groups were distinguished: Her2 + (n = 12), ER + and PR + (n = 15), and Triple- (n = 13).
Regarding preoperative chemotherapy (neoadjuvant treatment), patients were divided into two
groups, who did not receive (-Chemo, n = 23) and those who received (+Chemo, n = 17)
chemotherapy.

Peripheral blood samples were collected preoperatively from patients (n = 40) and from
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healthy women aged 26 to 60 years (control, n = 20). Free radical production of PMN
leukocytes was determined, and the peak value of free radical formation was compared with
the white blood cell count of the patients. Plasma MPO concentration, MDA concentration,
which is known as an indirect marker of lipid peroxidation, endogenous antioxidant scavenger
GSH concentration, plasma sulthydryl (-SH) groups, SOD activity, and catalase enzyme

activity were also investigated.

Results

The total production of OFRs was significantly increased in breast cancer patients
compared to healthy controls. This increased proportionally with tumor size and with the
number of metastatic lymph nodes (5.5 £ 1.5 AU) (p <0.05; p <0.01). Proliferation activity
showed a parallel and significant increase compared to healthy controls (p <0.05; p <0.01; p
<0.001). Furthermore, its production was significantly higher in the Mib4 (17.69 + 1.73 AU)
group compared to the Mib1 group (10.14 + 0.92 AU) and to the Mib2 group (9.48 = 1.23 AU).
Regarding the receptor status, the OFR release by PMN leukocytes were significantly higher in
all groups compared with controls (p <0.05). OFRs production was slightly elevated in that
group where neoadjuvant chemotherapy was absent (-Chemo) compared to the control group,
but a significant increase was also seen in that group where the patients received chemotherapy
(+Chemo).

A similar tendency was observed in the change of MPO activity. In peripheral blood
samples, both plasma MDA and hemolysate MDA values were significantly increased in most
cases, compared to the healthy controls (p <0.05; p <0.01; p <0.001). Values changed
significantly in proportion to the severity of the disease, related to tumor size, number of
metastatic lymph nodes, and whether the patients received neoadjuvant chemotherapy or not.

From among the antioxidant enzymes, activity of SOD and CAT showed significantly
reduced levels in all groups compared to the control group (610 + 34 vs. 960 + 40 IU / ml; 1578
+ 67 vs. 2400 + 82 BU/ml, p <0.001). Considering the proliferation activity (Mibl and Mib2
vs. Mib4), only SOD values, in the case of chemotherapy groups, both SOD and CAT activities

have also changed significantly with the severity of the disease.

Discussion
In recent years, more and more studies have shown that oxidative stress produced by
OFRs can play an important role in the development of breast cancer. In the present study, the

examination of peripheral blood samples showed that lipid peroxidation, total OFRs release,
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and MPO activity of PMN leukocytes were significantly higher in breast cancer patients than
in the healthy control group. These parameters increased parallel with the severity of the
disease, so with the tumor size, the number of metastatic lymph nodes, and with the proliferative
activity. This can be caused by the increased production of OFRs, which can damage all cellular
molecules (e.g., lipids, proteins, and DNA molecules) and, on the other hand, which can reduce
or deplete the cell's antioxidant capacity. Our results agree with other authors' findings on breast
tumor cell cultures and with published data of a few clinical trials.

Numerous studies have confirmed a correlation between pro-oxidant status and the extent
of breast tumor dissemination. In our study, significant increases in pro-oxidant parameters
were measured in the lymph node positive patient population. Literature data also point to the
fact that increased levels of pro-oxidant caused by OFRs overproduction are not only a cause
and a consequence but also an important maintenance factor for the growth and dissemination
of breast cancer.

The present study confirmed that among antioxidant enzymes, SOD, and CAT activity
was reduced in breast cancer patients compared to healthy controls. Low molecular weight
antioxidants such as GSH and -SH did not change significantly in the present study. In our
study, we observed that preoperative chemotherapy increased pro-oxidant levels and resulted

in decreased antioxidant capacity in treated patients compared to untreated patients.
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5. THE EXAMINATION OF MICRO-RNA (miRNA) EXPRESSION
IN BREAST CANCERS

Introduction

The miRNAs are small, ca. 19-22 nucleotides in length, which forms the family of non-
coding RNAs and they are involved in the regulation of various biological processes, including
the evolution (through the fine-tuning of gene expression), the cell division and differentiation,
the proliferation, the apoptosis, the metabolism, and overall the maintenance of cellular
homeostasis. Their regulatory function is performed by post-transcriptional gene silencing in
conjunction with messenger RNA (mRNA). They thus regulate or completely block the
manifestation of the original information at the protein synthesis (translation) level, coming
from the DNA. Numerous studies have confirmed the altered expression of miRNAs in different
tumors. Sharp differences of miRNA expression patterns, between normal and tumorous cells,

were also demonstrated in cell cultures of normal and tumorous mammary cells.

Aim of this study

The aim of this study was to determine the expression patterns of miR-21, miR-34a, miR-
221, and miR-383 micro-RNAs in tumor samples of patients who were operated with advanced-
stage breast carcinoma. Then we aimed to investigate these, depending on the tumor size, the

number of lymph node metastasis, the tumor receptor status and the stage of the tumor.

Patients and methods

Twenty-four women with breast carcinoma were included in our study. The sampling was
performed directly from the tumor tissue during the operation between January and November
2014. All the selected patients had well-palpable, advanced-stage breast cancer. Patients, based
on the final histological findings, were divided into different groups according to their age
(below 50 and above), tumor size (below 40 mm and above), lymph node involvement (less
than 3 metastatic lymph nodes), receptor status (ER +, Her2 +, and Triple-negative), and tumor
stage (stage II v. III) and analyzed for micro-RNA differences based on these variables. The
examination of micro-RNA expression of tumor tissue samples was performed by quantitative

real-time PCR with the assistance of the Department of Public Health of University of Pécs.
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Results

There was a close correlation among the size of the breast tumor and the expression of
miR-21, miR-34a, miR-221 microRNAs. The expression of miR-21 in tumors above 40 mm (n
= 18) was fifteen times higher than that measured in tumors below 40 mm (n = 6). While the
expression of miR-34a and miR-221 was detectable in tumors above 40 mm, they were not
detectable in the tumor group below 40 mm. The expression of miR-383 was not measurable,
neither in tumors below 40 mm nor in larger.

In advanced breast tumors, micro-RNA expression, measured in tumor tissue, also
showed a strong correlation with the number of metastatic lymph nodes. Patients with
histological examination of more than three axillary lymph node-confirmed metastases (n = 9)
showed a six-fold increase in tumor-expressed miR-21 and miR-34a compared with patients
with less positive lymph node (n = 14).

In terms of receptor status, miR-21, miR-34a, and miR-221 expression were increased in
ER positivity (n = 17), whereas miR-21 expression was most pronounced in HER positive cases

(n=06).

Discussion

Today, we know already that miRNA patterns are different in healthy and cancerous
tissues. Whenever changes occur in any area of normal cellular life, the ratio and the number
of miRNAs will change. At the cellular level, miRNAs can also act as oncogenes (oncomir) or
tumor suppressor genes, depending on which gene is regulated.

One of the first micro-RNA, identified as an oncogene, was miR-21. Increased expression
of this both in serum and in the tumor tissue itself, has been demonstrated in many tumor types.
In our study, we found that its value correlated closely with the size of the breast tumor and the
number of metastatic axillary lymph nodes. Regarding the receptor status, a dramatic increase
of expression was observed in HER + patients. Our results in several points agree with the data
of other authors, who showed increased miR-21 expression in patients with Ki-67 +, HER2 +,
ER +, and PR + receptor status. Studies performed in cell cultures and on various types of
human malignant tissue (glioblastoma, lymphoma, melanoma, etc.) have confirmed that miR-
21 functions as an oncogene and its inhibition may be a therapeutic target in the future.

In our study, the expression of miR-34a and miR-221lincreased in tumors larger than 40
mm and in the case of 3 or more involved lymph nodes, and they also appeared in the tumorous
tissue in the case of stage II and III. Members of the miR-34 family have suppressor effects,

which inhibit the important tumor suppressor inhibitor protein Sirtuin-1 (SIRT1). Earlier
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studies have shown that increased expression of miR-34 can eliminate tumor stem cells in some
malignant tumors. MiR-221 is a tumor invasion-specific, oncomyric miRNA that inhibits
apoptosis. Of the micro-RNAs, previous studies on miR-221 and miR-222 have shown, that
they are involved in the pathology of breast cancer through their target gene.

The presence of miR-383, both in human breast cancer cells in vitro and in mouse
embryonic stem cells, has been shown to increase the susceptibility to DNA damage, but during
our study, its expression did not correlate with tumor size, metastasis, receptor status or disease
status.

Statistically, we did not find significant differences in our results due to the low number
of samples, but there is a tendency for the micro-RNA expression and clinicopathological
features in advanced-stage breast cancer cases. This, besides the diagnostic use of miRNAs as
early biomarkers, raises the possibility of their subsequent therapeutic use in oncological patient
care. Mapping and understanding of the signaling pathways can greatly contribute to the
development of more effective molecular target therapies, in addition to those which are

currently in use.
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6. NOVEL FINDINGS

1. During our retrospective study, which included 204 patients, diagnosed with advanced-
stage unresectable breast cancer, mastitis carcinomatosa, and primary resectable tumor showed
that following primary systemic therapy and surgery the neoadjuvant therapy in breast cancer
patients was extremely efficient to decrease the size of cancer, while in the aspect of the lymph
nodes status smaller effect was noticed. Furthermore, breast cancers with central localization

had a better reaction to the treatment than the others.

2. Differential scanning calorimetry (DCS) analysis of the blood plasma of 19 patients
,with various stages of breast cancer, showed that the change of the transient temperature of the
thermograms and the change in the calorimetric enthalpy are related to the size of the tumor

and the number of metastatic axillary lymph nodes.

3. Examination of peripheral blood samples from 40 patients treated with operable breast
carcinoma, showed a significant increase in pro-oxidant status (lipid peroxidation, total OFRs
release, increase in MPO activity) and a decrease in antioxidant capacity of cells (SOD, CAT)
in proportion to the severity of the disease. Neoadjuvant chemotherapy as a "double-edged

weapon" significantly increased the oxidative stress.

4. During the determination of micro-RNA expression of tumor tissue samples from 24
patients, who were operated with advanced breast cancer, we showed that miR-21, miR-34a,
and miR-221 expression correlated closely with the tumor size, the number of metastatic lymph

nodes and with the tumor receptor status.
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