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Abstract 

Molecular profiling is a crucial aspect of cancer therapy selection, underscoring the necessity for representative sampling of both tu
mor and normal tissues. While much attention has been given to representative tumor sampling, there has been a notable lack of ex
ploration into the issue of poor RNA quality in normal breast tissue processing. Normal breast tissue from the same patient is often 
used as a negative control for most “-omics” experiments. RNA extracted from normal breast tissues frequently contains nucleic 
acids from surrounding adipocytes, endothelial cells, and immune cells, leading to a low representation of ductal elements and 
skewed results. Therefore, ensuring a complete representation of breast glandular tissue is imperative. The study aimed to investi
gate the variations in RNA enrichment between a random sampling technique and a targeted sampling approach when visually 
selecting normal breast tissue sections as negative controls for “-omics” experiments. Fifteen female breast cancer subjects who 
underwent Modified Radical Mastectomy were selected for the study. Normal Breast tissue was visually examined, and samples 
were collected from random fat pockets (random sampling) and fibromuscular grey-white streak areas (targeted sampling). RNA was 
isolated, followed by spectrophotometric analysis, agarose gel electrophoresis and Agilent Tape station analysis. Histopathological 
assessments and a gene expression study for housekeeping genes were performed on both subsets. Tissues collected through tar
geted sampling exhibited significantly higher RNA quality than those obtained via random sampling. Histopathological analysis 
revealed cellular areas abundant in terminal ductular units within the targeted samples, and a final validation qPCR showed that the 
targeted samples were the most representative of normal breast glandular tissue. The comparative analysis of the two sampling 
methods clearly indicates that the targeted approach, with its superior accuracy and reliability, is the more practical choice for 
obtaining representative normal breast glandular tissue for “-omics” experiments.
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Introduction
Biobanks play a vital role in advancing translational research by 
managing the acquisition, processing, annotation, storage, and 
distribution of biological specimens. Regarding cancer tissue bio
banking, meticulous handling is crucial to preserve the RNA, 
DNA, and proteins in surgical specimens. The usability and fit- 
for-purpose samples are critical for basic and clinical research 
applications. Our tertiary cancer-focused biorepository, operat
ing within the auspices of the Rajiv Gandhi Cancer Institute and 
Research Centre, has received numerous breast tissue speci
mens, comprising both tumor and distant normal tissues, serving 
as a cornerstone for breast cancer research endeavors. Following 
the dissemination of these specimens to researchers, feedback 
has underscored a notable divergence in the quantity and quality 
of RNA extracted from tumor tissues, compared to normal tis
sues. This incongruity poses a significant obstacle to downstream 
transcriptome and real-time PCR analysis.

Female breast has abundant adipose tissue, which plays a cru

cial role in breast development and changes throughout a wom

an's life, including puberty, pregnancy, lactation, and involution. 

Breast adipose tissue interacts with cancer cells, modifying the 

tumor microenvironment and potentially promoting cancer pro

gression [1, 2]. At a cellular level, nucleic acids extracted from 

normal breast tissues often contain nucleic acids from surround

ing adipocytes, endothelial cells, and immune cells, with a low 

representation of ductal elements [1]. Pathology best practices 

must be ensured while selecting negative control sections from 

the same patient, the rationale for using surrounding breast sec

tions as negative controls is for baseline comparison, Differential 

Expression Analysis, and validation of findings. Surrounding 

breast tissue typically contains normal, non-cancerous cells, by 

comparing the transcriptome of tumor samples with that of adja

cent normal tissue, researchers can establish a baseline for gene 

expression, helping to highlight changes specifically associated 
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with tumorigenesis. This approach also allows for identifying dif
ferentially expressed genes (DEGs), that may contribute to cancer 
progression. The DEGs are particularly relevant in studies of vari
ous breast cancer subtypes, such as triple-negative breast cancer 
(TNBC), where understanding the differences in gene expression 
can provide insights into tumor behavior and potential therapeu
tic targets. Ensuring the quality of RNA is paramount for accurate 
gene expression and transcriptome analysis, as intact RNA mini
mizes biases in the measurement of expression levels [3]. 
Negative controls are essential for validating results. If some 
genes are found to be upregulated or downregulated in tumor 
samples compared to adjacent normal tissue, these findings will 
be more confidently attributed to the pathological state rather 
than technical artifacts or variations in sample processing [4]. In 
breast cancer research, it is imperative to confirm the accuracy 
of the gene expression data collected to reflect the in vivo state of 
the samples. RNA Extraction poses significant challenges being 
more labile than DNA [5]. The efficacy of RNA-based analysis 
dramatically depends on the purity and integrity of the RNA, 
with various pre-analytical factors, such as tissue type, cold is
chemia time, sampling sites handling and processing procedures 
playing a crucial role in maintaining this integrity [6]. The varied 
composition of adipose, stromal, and epithelial tissue within the 
breast is integral in defining the tissue's unique characteristics 
[7]. However, excess adipose tissue in the breast can be an inter
fering factor, emphasizing the importance of precise sampling 
methods to ensure accurate and impactful results [8]. Also, the 
quality of extracted nucleic acids can drastically affect out
comes. Therefore, ensuring the suitability of the normal breast 
tissues before succumbing it to RNA extraction becomes impera
tive. One of the methods to confirm the suitability of normal 
breast tissue sections as negative controls is to perform immuno
histochemistry using markers such as cytokeratin’s, myoepithe
lial cell markers (e.g. p63 or calponin), estrogen receptor, 
progesterone receptor, or HER2 receptor [9]. However, this ap
proach can be costly and labor-intensive, making it impractical 
to apply in a high-throughput biobank setting before storing all 
normal breast tissue samples. To address this challenge compre
hensively, we have embarked upon an initiative to conduct in- 
house isolation of RNA, prospectively from distant normal breast 
tissue specimens from random and targeted region of distant 
breast to compare both qualitative and quantitative outcomes of 
extracted RNA and performing histopathological confirmation. 
Both the samples are procured from the quadrant opposite to the 
tumor quadrant 5–10 cm away to avoid any discrepancy due to 
field cancerization effect.

Refer to Fig. 1 for a detailed overview of the entire experimen
tal procedure.

Materials and methods
Study design and demographic details
We assessed and compared two sample procurement methods 
from mastectomy specimens to overcome the common issue of 
low RNA yield from surrounding breast tissue. The objective was 
to explore the variations in RNA enrichment between employing 
a random sampling technique and a targeted sampling approach. 
The study involved collecting tissue samples from surrounding 
breast tissue, focusing on a group of 15 female subjects diag
nosed with primary breast cancer, including TNBC, who under
went Modified Radical Mastectomy (MRM) (Table 1). Notably, 
none of the patients had undergone chemotherapy or radiation 
treatment before the surgery.

Clinicopathological features of breast 
cancer patients
The study included female patients (n¼15) aged between 34 and 

78 years, all diagnosed with infiltrating ductal carcinoma (IDC). 

The disease was unifocal in presentation and affected patients 

across premenopausal (n¼ 6), perimenopausal (n¼ 2), and post

menopausal (n¼ 7) groups. The histological subtypes were classi

fied as Luminal A (ERþPRþHER2−), triple-negative breast cancer 

(ER−PR−HER2−), HER2-positive (ER−PR−HER2þ), and triple- 

positive (ERþPRþHER2þ). Cancer staging was carried out in ac

cordance with the American Joint Committee on Cancer (AJCC) 

Cancer Staging Manual, 8th edition. The patient distribution in

cluded those with Stage II and Stage III tumors (Fig. 2), with tu

mor sizes ranging from pT2 to pT3. Clinical staging varied from 

IIA, IIB, IIIA, to IIIC (Fig. 2). No evidence of distant metastasis (M0) 

was observed in any of the patients.

Tissue sample collection
A specialized breast oncopathologist from the Rajiv Gandhi 

Cancer Institute and Research Centre in New Delhi collected re

search tissue samples. The MRM specimen was first inked on the 

deep surgical margin. Parallel/Bread loafing of the breast speci

men was carried out using a 14’long dissecting knife. (Fig. 3) The 

tumor was identified, measured, and the quadrant noted. Tumor 

sections were taken. The opposite quadrant was then located for 

sampling of normal breast tissue. New scalpel blades were then 

inserted onto the blade holder and normal tissue was collected. 

This step ensured that there would be no tumor contamination 

in the sample collected.
The sampling process involved visually selecting a fat pocket 

(random sample) (Fig. 3) and selecting tissue from grey-white 

fibromuscular streak areas (targeted sample) (Fig. 3), all from a 

quadrant opposite to the tumor-bearing quadrant. The samples 

were collected using blunt heavy dissecting forceps and a sterile 

surgical blade size 10. Both random and targeted samples were 

then sent to the Basic Research Lab for RNA extraction. 

Additionally, mirror samples were fixed in a 10% neutral buffered 

formalin solution for 8–24 h and were sent to histopathology lab 

for further processing. The formalin-processed specimens were 

processed into FFPE Blocks, and HE stained slides were prepared 

for examination.

RNA extraction protocol
The samples from random and targeted regions were processed 

for total RNA extraction, enabling subsequent comparative 

analysis. Approximately 100–150 mg of tissue was utilized for 

each extraction. Following the manufacturer's guidelines, the 

Qiagen All Prep DNA/RNA/miRNA Universal Kit (Cat No. 80224) 

was employed. This column-based method is specifically 

designed to extract complex tissues that are difficult to lyse, en

suring high-quality RNA suitable for downstream applications.
Tissue specimens were minced using a scalpel blade, followed 

by lysis employing the buffer provided in the kit. The lysates 

were then incubated for 2–2.5 h to facilitate adequate lysis. 

Subsequently, treatment with DNase I and Proteinase K was ad

ministered. RNA concentration (ng/μl) and purity (determined by 

the 260/280 and 260/230 absorbance ratio) was assessed for each 

sample using a Nano drop spectrophotometer (Thermo- 

Scientific, Wilmington, DE). All RNA samples were subsequently 

stored at −80�C until further processing.
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Agarose gel electrophoresis
The present study used agarose gel electrophoresis to check iso

lated RNA's integrity, size, and purity from random and targeted 

normal breast tissue. A 1% agarose gel was prepared to detect 

18S and 28S rRNA.

Agilent tape station
For comparative analysis of RNA integrity by an automated bioana

lytical instrument, we utilized the Agilent technologies 4150 

Bioanalyzer, along with RNA Screen Tape, following the manufac

turer’s protocols for total RNA sample preparation. The RNA 

Integrity Number (RIN) and concentration were recorded automati

cally by the Bioanalyzer, ensuring accurate and reproducible assess

ments of RNA quality across samples cDNA and real-time PCR.
To validate the quality of extracted RNA, the samples were 

converted into cDNA using the High-capacity cDNA Reverse tran

scription kit (Cat no-4374966 Thermo-fisher scientific).
One microgram of extracted RNA was used for cDNA synthesis. 

For the real time PCR, 25 ng (A total of 1 µg (1000 ng) of RNA was 

used in a 20 µl cDNA synthesis reaction. Subsequently, 0.5 µl of the 

resulting cDNA, equivalent to 25 ng, was utilized for the qPCR re

action) of cDNA was utilized with primer specific for18S rRNA 

(18sFp-TTCGGAACTGAGGCCATGAT, 18 s Rp-TTTCGCTCTGGTCC 

GTCTTG), CCSER2 (CCSER2 Fp GACAGGAGCATTACCACCTCAG, 

CCSER2 Rp- CTTCTGAGCCTGGAAAAAGCGC), RPL13A-(RPL13 Fp- 

GAGGCCCCTACCACTTCC, RPL13A Rp- AACACCTTGAGACGG 

TCCAG) and SYBR Green dye was used for fluorescence detection. 

The real-time PCR for each RNA sample was performed in tripli

cate. No-template control (NTC) was included in all the RT-PCR 

reagents except the RNA template. Minus reverse transcriptase 

(−RT) was used to rule out cross-contamination from genomic 

DNA as well as from reagents and surfaces.

Histopathology processing and microscopic 
examination
Formalin-Fixed Paraffin-Embedded (FFPE) blocks were prepared 

from distant breast samples obtained by random and targeted 

sampling using the Leica TP1020 Automatic Benchtop tissue pro

cessor (Histocore pegasus). The grossed tissue bits were first fixed 

in 10% Neutral Buffered formalin overnight and dehydrated by 

immersing the tissue in different ethanol concentrations (50%, 

70%, 80%, 90%, 95% (v/v) and absolute ethanol.) for 4.5 h at 35�C. 

Next, xylene was used as a clearing agent for 2 h at 35�C. Finally, 

samples were paraffin embedded at 58�C. FFPE blocks were 

trimmed, and 3 um thick sections were mounted on slides, auto

matically stained with Hematoxylin and Eosin (H&E) following 

the H&E staining protocol of Medite Multistainer TST 44C. 

Histopathology samples were processed and stained at the 

Department of Histopathology, Rajiv Gandhi Cancer Institute 

and Research Centre. Reporting of H&E-Stained sections was per

formed at Biorepository, Rajiv Gandhi cancer Institute and 

Research Centre.

Figure 1. Schematic workflow of sample collection from surrounding breast tissue, followed by stratification into two major groups to compare the 
RNA integrity obtained from two different sampling sites. Some icons of these illustrations are taken from bio render
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Results
The study addressed the challenge of low RNA yield from sur
rounding breast tissue. We strategized sample collection by two 

different methods and compared the outcomes genomically and 

histopathologically. A cohort of 15 pilot cases was included into 
the study for comparison.

Tissue samples were collected from normal breast tissue of fe
male subjects diagnosed with primary breast cancer, who 

Table 1. Assessment of random samples RNA yield and the number of terminal duct lobular units on histopathology HE stained slides.

Sample  
ID

random sample  
RNA yield (conc.)

260/280 260/230 TDLU’s Identified in submitted section on HE

1 59.9 1.80 0.28 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

2 82.8 1.84 0.37 1–2 TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

3 40.6 1.46 0.91 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes

4 77.3 1.65 0.91 1–2 TDLU’s identified Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

5 43.8 1.71 1.04 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

6 73.2 1.80 0.28 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes

7 70.8 1.63 0.98 1 TDLU identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocyte seen.

8 40.6 1.95 0.68 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

9 29.4 1.84 0.51 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

10 36.5 1.70 0.43 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

11 85.8 1.75 0.51 No TDLU’s identified, Adipocytes with occasional intervening lymphocytes noted.  
No lymphovascular channels noted.

12 70.9 1.64 0.96 1 TDLU identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocyte seen.

13 73.6 1.80 1.35 No TDLU’s identified. Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

14 44 1.72 1.01 1-2 TDLU’s identified Only adipocytes with dilated lymphovascular channels. 
Occasional lymphocytes.

15 45.5 1.48 0.77 No TDLU’s seen. Many adipocytes and occasional lymphovascular channel noted. 
No lymphocyte seen.

Figure 2. The representative image illustrates the cancer staging of the patients (n¼15), with distribution as follows: IIA (n¼ 2), IIB (n¼ 7), IIIA (n¼ 3), 
and IIIC (n¼ 3)
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underwent MRM. Both random and targeted tissue sampling pro
cedures were employed, with samples acquired from a quadrant 
opposite to the tumor-bearing quadrant. Matched FFPE blocks 
were also prepared. RNA was extracted in varying quantities 
from both random and targeted samples. Subsequently, the epi
thelial components, represented by the number of terminal duct 
lobular units (TDLUs) were assessed on histopathology HE 
stained slides (Tables 1 and 2).

Statistical evaluation
Data normality was evaluated using the Shapiro–Wilk test, while 
homogeneity of variances was assessed via Levene’s test. 
Subsequent analysis incorporated parametric and non- 
parametric approaches, including the independent t- test and 
the Mann–Whitney U test, conducted using SPSS version 29.0.0.0. 
Statistical significance was established at a P-value threshold of 
less than (P< .05). P-value outcomes were interpreted to indicate 
statistically significant difference between sampling sites 
(Fig. 4A–D).

RNA Quality assessed using gel electrophoresis showed signif
icant bright bands for 18S rRNA and 28SrRNA in all targeted sam
ples. In contrast, randomly collected samples showed very faint 
bands for 18SrRNA and almost no bands for 28SrRNA (Fig. 5).

Histopathogical examination
H&E-stained slides were reported using Nikon E200 Eclipse mi
croscope. H&E-stained sections from FFPE Blocks at low power 

(10×) showed numerous adipocytes with intervening blood ves
sels and none-to-occasional terminal duct lobular units (Fig. 6A) 
in randomly collected tissues. The H&E section from targeted 
areas showed 3–5 terminal duct lobular units entrapped in a fibro 
collagenous stroma with few intervening adipocytes (Fig. 6B).

RNA integrity value
In addition to assessing the RNA integrity by traditional methods, 
Tape station assessment was performed on five random and five 
targeted samples. Total RNA was extracted from both the target 
and random regions of breast tissue, and the difference in RNA 
integrity between the two sample sites was analyzed using the 
Agilent 4500 Bioanalyzer and the RNA screen tape. During the 
analysis one outlier is identified via tape station which was ex
cluded from the final analysis (Fig. 7).

Discussion
RNA is essential for various molecular investigations. Extracting 
RNA from surrounding breast tissue as a negative control poses 
challenges due to its lower quality and quantity. RNA transcript 
degradation within cellular machinery occurs at different rates 
through various mechanisms, and few studies address the stabil
ity of nucleic acids, including DNA and RNA, which varies gradu
ally among surrounding breast [10]. Therefore, it is crucial to 
optimize the sampling site, handling, and other pre-analytical 
factors for efficient RNA extraction from breast tissue. 

Figure 3. Histopathological sectioning of breast tissue: normal tissue collected from opposite quadrant by random sampling (Inset A) and targeted 
sampling (Inset B)
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The abundance of RNA transcripts expressed in the surrounding 
breast tissue exhibits variability across different sites of normal 
breast tissue. By examining the associations between genotypic 
data and phenotypic pathological images, researchers can gain 
insights into the distribution and abundance of these transcripts 
within an individual's breast tissue [11]. However, existing stud
ies predominantly focus on tumors and lesion areas, often 
neglecting the non-diseased surrounding areas of the breast. 
These non-diseased areas are crucial as they are negative con
trols in the breast studies. The RNA expression profiles in these 
regions demonstrate considerable variation, reflecting the inher
ent heterogeneity of breast tissue. For transcriptome and micro
array analysis, the quality and quantity of RNA should be good 
enough to yield consistent and accurate output [12]. This vari
ability underscores the need for more comprehensive studies on 
non-diseased areas to fully understand the complexity of RNA 
transcript expression in breast tissue. Traditionally, assessments 
of the breast in various contexts such as surgical interventions, 
molecular biology, and reconstruction have primarily focused on 
volume, shape, or weight rather than the detailed tissue compo
sition. Research indicates that the breast typically comprises of 
approximately 70% fat and 30% glandular tissue [13]. One of the 
objectives of this study is to elucidate how different sampling 
sites within the breast (target and random) reveal varying com
position of TDLU structures. This variation is linked to the nu
clear characteristics of cells and transcriptome-wide RNA gene 
expression. To confirm these associations, the total RNA integrity 
from two distinct sampling locations was assessed using agarose 
gel electrophoresis, Agilent tape station, and real-time quantita
tive PCR analysis. The analysis focused on consistently expressed 
housekeeping genes, such as 18S rRNA, CCSER2, and RPL13A, 
which maintain stable expression levels, provided that an equal 
quantity of cDNA is used in the PCR reaction. Notably, this ex
pression diminishes significantly—up to 15-fold—only when RNA 

degradation is extensive [14]. This degradation can be measured 
through cycle threshold (CT) values derived from intact RNA 
from targeted regions compared to degraded RNA from randomly 
selected areas of surrounding breast tissue.

The stability of RNA is the main factor influencing its abun
dance in nature as, degraded RNA, on the other hand, reduces the 
number of RNA molecules containing intact amplicons, signifi
cantly lowering the expression of DEGs [15]. Using degraded RNA 
in RNA-Seq may lead to shorter fragmented transcripts and fewer 
mappable reads. Therefore, maintaining RNA integrity is crucial 
for accurate measurement and gene expression analysis, as de
graded RNA can lead to erroneous interpretations of transcript 
abundance and gene expression profiles. Quality and quantity as
sessment of RNA is an additional method to obtain minimal 
amount to conduct gene expression studies. Nevertheless, it is not 
always possible to measure 18S and 28S ribosomal RNA bands or 
perform qPCR so it remains to be determined that the amplified 
mRNA can reliably be used as a control for future studies. This 
methodology promotes an unbiased approach for selecting sam
ples from the surrounding breast as controls, where the likelihood 
of encountering degraded RNA is lower.

Several studies have demonstrated that gene expression signa
tures can classify patients into high- risk or low-risk subgroups 
[16]. Accurate transcriptome profiling, utilizing true negative con
trols, enhances patient selection and mitigates the risk of both 
overt and undertreatment, ultimately reducing patient mortality 
[16–18]. Using surrounding breast tissue as negative controls in 
transcriptomic studies significantly enhance our understanding of 
the molecular alterations associated with breast cancer. This 
methodology not only aids in the identification of potential bio
markers for diagnosis and treatment but also contributes to a 
more profound comprehension of the tumor microenvironment 
and its role in cancer progression. By incorporating surrounding 
breast tissue which yields good quality RNA, as negative controls, 

Table 2. Assessment of targeted samples RNA yield and the number of terminal duct lobular units on histopathology HE stained slides.

Sample ID targeted sample  
RNA yield

260/280  
ratio

260/230 TDLU’s identified in the submitted section on HE

1 193.5 2.84 1.97 3–5 TDLU’s identified. Few adipocytes and lymphocytes identified.
2 205.1 2.02 1.84 3–4 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. No 

lymphocytes seen.
3 234 1.97 1.86 3–5 TDLU’s identified. Few adipocytes In fibrocollagenous stroma. No 

lymphocytes seen.
4 277.6 1.99 1.76 3–5 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Occasional 

lymphocyte seen.
5 167.5 1.97 1.97 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Lymphovascular 

channels noted.
6 87.8 1.81 1.65 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Lymphovascular 

channels noted. Occasional lymphocyte seen.
7 158.4 1.88 1.90 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Lymphovascular 

channels noted.
8 143.8 2.00 1.86 3–5 TDLU’s identified. Few adipocytes In fibrocollagenous stroma. Few 

lymphocytes seen.
9 117.6 1.87 1.88 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma.
10 119.4 1.97 1.65 3–4 TDLU’s identified. Few adipocytes admixed with lymphocytes embedded in 

fibrocollagenous stroma.
11 145 2.03 1.94 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Lymphovascular 

channels noted.
12 258.9 2.02 1.85 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma.
13 356.4 2.01 1.81 3–5 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Few 

lymphocytes seen.
14 308.2 1.79 1.49 3–5 TDLU’s identified. Few adipocytes in fibrocollagenous stroma. Occasional 

lymphocyte seen.
15 124.8 1.98 1.76 2–3 TDLU’s identified. Few adipocytes in fibrocollagenous stroma.
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researchers can achieve more accurate and reliable gene expres

sion profiles, facilitating the development of more effective thera

peutic strategies and improving patient outcomes.
The findings from this study have several implications for fu

ture breast cancer research and clinical applications. The study 

emphasizes the challenges in RNA extraction and the signifi

cance of targeted sampling methods in enhancing both the 

quantity and quality of RNA extracted from distant breast tissue. 

This advancement is crucial for ensuring accurate gene expres

sion studies and molecular analyses in breast cancer research 

underscores the critical role of biobanks in managing biological 

specimens for translational research. Proper handling of tissue 

samples is essential for preserving RNA, DNA, and proteins, 

which are vital for advancing cancer research and personalized 

Figure 4. (A) The Kruskal–Wallis H test revealed a significant difference in A260/280 values between the target and random groups, H (1) ¼ 17.764, 
P < .001. The target group had a higher mean rank (22.27) compared to the random group (8.73), indicating that the target group had significantly 
higher A260/280 values than the random group. (B) An independent samples t-test revealed a significant difference in A260/230 values between target 
(M¼1.81, SD¼ 0.13) and random (M¼ 0.73, SD¼0.32), t (18.59) ¼11.96, P < .001. The large effect sizes (Cohen’s d¼ 4.37, Glass's delta¼ 3.34) indicate 
target group A260/230 value was significantly higher than random group. (C) Comparison of target and random groups revealed a significant difference 
in mean values (P< .001) with Group 1 (M¼ 193.20, SD¼ 78.69) showing higher values than Group 2 (M¼58.31, SD¼ 18.91). The effect size, calculated 
using Cohen’s d, was found to be 2.36 (95% CI: 1.40–3.29), indicating a large effect. Additionally, Glass’s delta was 7.13 (95% CI: 4.42–9.83), further 
confirming target group has statistically significant concentration values than random group. (D) An independent samples t-test is conducted to 
compare the threshold cycle of 18S mRNA between the target group and the random group. Levene's test for equality of variances is significant, 
P¼ .039, indicating that the assumption of equal variances is violated. Therefore, the t-test results assuming unequal variances are used. The average 
Cq value for the target group (M¼ 21.58, SD¼0.38) is significantly lower than for the random group (M¼ 26.25, SD¼1.14); t (10.94) ¼ −12.32, P< .001, 
95% CI [−5.50, −3.83]. The effect size, measured using Cohen's d, is 0.85, indicating a large effect size. This suggests that the target group has a 
significantly lower cycle threshold compared to the random group. (E) This graph illustrates the average threshold cycle (Ct) of 18 s, CCSER2 and 
RPL13A mRNA isolates from target and random region of breast cancer tissue
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therapy. The study also underscores the significance of meticu

lous sampling techniques to avoid contamination of tumor RNA 

by distant or adipose tissue RNA, which could impact research 

and clinical outcomes.

Limitations of the study
The study is limited by a small sample size, which may limit the 

generalizability of the findings to a broader population. It also fo

cuses on only one subtype of breast cancer, potentially overlook

ing variations in RNA yield and quality in different subtypes or 

stages of breast cancer, thus, lacking diversity. A broader per

spective would have been provided if different RNA extraction 

methods had also been compared. A more extensive study on a 

more significant number of diverse breast cancer samples can 

enhance its robustness and applicability in the field of breast 

cancer research.

Conclusion
In conclusion, this study successfully addressed the challenge of 
low RNA yield from nearby distant breast tissue by employing 
and comparing two histopathological sample procurement meth
ods: random sampling and targeted sampling. The study involved 
thorough procedures, such as random and targeted sampling 
techniques, to ensure diverse representations of surrounding 
breast tissue. To mitigate the impact of intra-tumoral heteroge
neity, we employed a meticulous process of sampling site identi
fication, tissue fragmentation, snap-freezing, and preservation of 
RNA later before storage at −80�C. Subsequent histopathological 
assessments of FFPE blocks provided valuable insights into the 
tissue characteristics. The study's results provide valuable 
insights for future breast cancer research endeavors, offering 
guidance on optimizing RNA extraction techniques, employing 
targeted sampling approaches and enhancing molecular analy
ses. These insights are essential for advancing our understanding 
of breast cancer pathogenesis, treatment strategies, and the de
velopment of personalized medicine applications.
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