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ABSTRACT 

Background: The most frequent malignancy in women is breast cancer (BC). 

Biomarkers, like carbohydrate antigen (CA15-3) as well as carcino-embryonic 

antigen (CEA), remain of limited clinical value. Novel biomarkers are needed 

for early diagnosis. This study aimed at evaluating the role of circulating long 

non-coding RNA RP11-445H22.4 as a diagnostic marker of breast cancer and 

to assess its relation with   prognostic characteristics of the disease. Methods: 

It was a case-control study conducted in Clinical Pathology and General 

Surgery Departments, Faculty of Human Medicine, Zagazig University. It 

involved 108 adult females: 36 females as healthy control, 36 newly diagnosed 

females with BC, and 36 females with benign breast lesions. Patients were 

diagnosed by mammography and biopsy. LncRNA RP11-445H22.4 was 

assessed in plasma by quantitative real-time polymerase chain reaction. 

Results: lncRNA RP11-445H22.4 was elevated among BC cases compared to 

controls as well as cases of benign breast lesions. The lncRNA RP11-445H22.4 

revealed 95.9% sensitivity and 91.8% specificity for discriminating breast 

cancer vs. controls and benign breast lesions. CA15-3 had 77.8% sensitivity 

and 80.7% specificity. lncRNA RP11-445H22.4 showed 81.8% specificity 

versus 75.9% specificity for CA15-3 differentiating TNM stages; I and II vs. 

III and IV. Conclusions: LncRNA RP11-445H22.4 was up-regulated in breast 

cancer cases compared to controls and cases with benign breast lesions, it 

exhibited greater sensitivity and specificity compared to traditional 

biomarkers. Level of LncRNA RP11-445H22.4 was related to ER, PR and 

Her2/neu in BC patients. Consequently, it could serve as a potential biomarker 

for breast cancer diagnosis and prognosis. 
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INTRODUCTION 

reast cancer (BC) is the most frequent 

malignancy among women around the globe, 

with newly diagnosed cases beyond two million in 

2020. Additionally, it is the most important reason 

of cancer mortality in women, with deaths over 

680,000 [1]. Although there is a variation in the 

frequency of BC among developed and developing 

countries [1, 2], BC is still the most frequent form 

of woman cancer among Egyptian females [3]. 

About 46,000 cases are predicted in 2050 [4]. 

Breast cancer is always silent. The majority of 

patients know about their disease through routine 

screenings. BC is diagnosed through physical 

examination, imaging, particularly mammography, 

and tissue biopsy [5]. Patients with breast cancer in 

Egypt are often diagnosed earlier at a young age, 

present with late stages, and have more aggressive 

biological subtypes when compared to patients in 

developed countries [6]. This indicates the 

necessity for new biomarkers to enable earlier 

detection of the disease, ultimately leading to 

improved survival outcomes. 

The screening for breast cancer does not have 

biomarkers that offer high sensitivity and 

specificity. [7]. Serum biomarkers, like the 

B 

https://doi.org/10.21608/zumj.2024.314097.3531


https://doi.org/10.21608/zumj.2024.314097.3531                                 Volume 30, Issue 9, December. 2024 

M. Kamel, et al                                                                                                                                          4384 | P a g e  
 

carbohydrate antigen (CA15-3) and carcino-

embryonic antigen (CEA), are of limited clinical 

value. [8]. Consequently , it is crucial to identify 

new biomarkers .The levels of circulating 

lncsRNAs in patients with cancer have been 

proposed as potential noninvasive biomarkers[7]. 

Long non coding (lncsRNAs) are non-coding RNA 

that exceed two hundred  nucleotides in length, 

found within eukaryotic cells and conserved 

among various mammalian species [9]. LncRNAs 

play essential roles in numerous biological 

processes, like the inflammatory response [10] and 

the invasion of cancer cells [11].   

LncRNA RP11-445H22.4 gene is found on human 

chromosome 20 measuring 862 bp in length [12]. 

The lncRNA RP11-445H22.4 has a vital function 

in biological processes and its abnormal expression 

may be connected to different types of 

malignancies [13]. Moreover, osteoarthritis 

cartilage cells have been shown to express the 

LncRNA RP11-445H22.4 at high levels, which 

may be associated with osteoarthritis pathogenesis 

[14]. lncRNA RP11-  445H22.4 shows elevated 

expression within cells of  BC, also associates with 

the inflammatory response triggered  by tumor 

[12]. Consequently, this work aimed at evaluating 

the role of circulating long non-coding RNA RP11- 

445H22.4 (lncRNA RP11- 445H22.4) as a 

diagnostic marker of breast cancer and to assess its 

relation with the prognostic characteristics of the 

disease. 

METHODS 

This is a case-control study, conducted on 108 

adult females classified into three age-matched 

groups: 36 females who served as a healthy control 

group, 36 newly diagnosed females with BC, and 

36 females with benign breast lesions. Patients 

were recruited from the General Surgery 

Department, Zagazig University Hospitals, Faculty 

of Human Medicine, in the period from April 2022 

to November 2023.  

Informed written consents were collected from all 

participants after explaining the purpose of 

collecting their venous blood and gathering clinical 

data in this research. The research was conducted 

under the World Medical Association’s Code of 

Ethics (Helsinki Declaration) for human research. 

The Institutional Review Board (IRB) approved 

this study (IRB No # 5511-29-7-2019).  

 

Patients were diagnosed by radiological 

investigations and histological examination of 

biopsy samples. Newly diagnosed patients with BC 

were included in this study once their enrollment 

was approved. Individuals who underwent targeted 

therapy, chemotherapy, or radiation therapy prior 

to sample collection were not included in the study. 

Additionally, patients with other malignancies 

were excluded.  

Every patient underwent a thorough history-

taking, clinical examination, and radiological 

investigations (US and mammography). Staging of 

tumor was done according to the American Joint 

Committee on Cancer (AJCC) into; tumor, node, 

and metastasis (TNM) staging and 

immunophenotyping was done for estrogen 

receptor (ER), progesterone receptor (PR) as well 

as human epidermal growth factor receptor-

2 (HER2/neu) [15]. 

Specimen collection:  

Approximately four ml of venous blood were 

aseptically collected from all subjects by 

venipuncture and allocated as follows: two ml were 

delivered into a sterile tube containing gel 

separator for CA15-3 determination by electro-

chemoluminescent automated analyzer “Roche 

Cobas 8000-e602” (Roche Diagnostics, Germany), 

and two ml were delivered into an ethylene diamine 

tetraacetic acid (EDTA) vaccutainer for extraction 

of lncRNA RP11-445H22.4. Samples were 

processed within an hour from collection. 

Extraction of RNA:  

Total RNA was extracted from fresh plasma 

samples by (GENEzol™ Reagent, Genaid, 

Taiwan), (catalogue number: GZR100). Reverse 

transcription reaction was done using TOPscript™ 

RT (Enzynomics, Korea: catalogue number: RT 

220).  

Quantitative Real Time PCR: 

qPCR SYBR® Green PCR Master Mix with low 

ROX (Enzynomics Inc., Korea) was used to 

amplify cDNA. Real-time PCR was done on 

“Applied Biosystems, USA” using the subsequent 

cycling conditions; 15 minutes at 95°C for the 

initial activation step, then 40 cycles, with every 

single cycle consisted of; 10 seconds at 94 °C for 

denaturation, 15 seconds at 60 °C for annealing, 

and 30 seconds at 72°C for extension.  

- Primers for LncRNA RP11-445H22.4 were:  

Forward primer 5′-

GTAAAGCCATCACCAGGACAACC-3′ and 

reverse primer 5′- 

CTCCCTAACAGAAGCCCACCA-3′.  

- Primers for GADPH were:  

Forward primer 5′- 

CACCAGGGCTGCTTTTAACTC-3′ and reverse 

primer 5′- GACAAGCTTCCCGTTCTCAG-3′ 

(Invetrogen by Thermo Fisher Scientific, USA).  

Fold changes of lncRNA RP11-445H22.4 

expressions were calculated using 2-ΔΔCT method 

[16]. 

STATISTICAL ANALYSIS 
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Microsoft Office Excel 2010 and the Statistical 

Package for Social Sciences, version 20, were used 

to tabulate and statistically analyze the data (SPPS: 

An IBM Company). Quantitative variables were 

described using the median and range, or means 

and standard deviations. The qualitative data, 

which was presented as frequencies and 

percentages, was compared using the chi-square 

test (χ2). To compare two means, the independent 

sample (t) test or the Mann-Whitney test (MW) 

were used if appropriate. When comparing more 

than two groups, the Kruskal Wallis test (KW) or 

analysis of variance ANOVA test (F) was utilized. 

The studied parameters were evaluated using the 

receiver operating characteristic (ROC) curve 

analysis. P-values less than 0.05 were deemed 

statistically significant.  

RESULTS 

-Participant's characteristics 
The general features of studied groups are 

displayed in (Table 1). There were non-significant 

differences among studied groups as regard BMI, 

marital state, menarche age, or number of parity. 

-Level of CA 15-3:  

CA 15-3 was significantly increased in BC cases 

when compared to healthy controls and patients 

with benign breast diseases. Besides, it was 

significantly higher in benign group than control 

(Table 2, Figure 1).  

-LncRNA RP11-445H22.4 expression in studied 

groups: 

 As regard lncRNA RP 11-445H22.4, it was 

significantly higher in BC cases compared to 

controls and cases of benign breast lesions; 

moreover, there were no significant difference 

between controls and benign cases (Table 2, Figure 

1). 

-Relation between pathological features and level 

of both lncRNA RP11- 445H22.4 and CA15-3 in 

BC cases 

The expression of lncRNA RP11-445H22.4 was 

higher in BC cases who had stages III/IV or tumor 

grades II and III, as well as those with positive 

ER/PR and negative HER-2/neu expression. 

Furthermore, BC patients who had TNM stages 

III/IV or tumor grades II/III, as well as positive 

ER/PR expression exhibited a statistically 

significant increase of CA 15-3 level (Table 3). 

-Diagnostic and prognostic potentials of 

circulating lncRNA RP11- 445H22.4 for BC 

patients 

CA15-3 displayed 77.8% sensitivity and 80.7%, 

specificity, for the prediction of BC. However, 

lncRNA RP11-445H22.4 had 95.9% sensitivity, 

91.8% specificity and 0.993 area under curve 

(AUC) (Table 4, Figure 2). 

When lncRNA RP11-445H22.4 was combined 

with CA15-3, the sensitivity was 94.3% for 

prediction of BC with 86.4% specificity and this 

combination showed better performance than 

CA15-3 alone (Table 4). 

LncRNA RP11-445H22.4 had 71.4% sensitivity 

and 81.8% specificity when differentiating 

between TNM stages (I/II) vs. (III/IV); however, 

CA15-3 revealed 71.4% sensitivity and 75.9% 

specificity (Table 5). 

 

Table (1): General characteristics of studied groups. 

 

 Studied groups P 

Control 

(n=36) 

BC 

(n=36) 

 BBL 

(n=36) 

Age (years)  

Mean ± SD 

46.37±11 44.36±7.69 47.44 ± 10.84 0.415 

 

Body mass index (BMI) 

Mean ± SD 

28.44±2.98 27.36±3.41 28.03± 3.30 0.340 

 

Menarche age (years) 

Mean ± SD 

12.11±0.79 12.31±1.04 12.03± 0.81 0396 

 

Marital state [number (%)] 

Single 

Married  

 

8 (22.2%) 

28 (77.8%) 

 

11 (30.6%) 

25 (69.4%) 

 

13(36.1%) 

23(63.9%) 

 

0.430 

 

n. of parity [number (%)] 

No 

1-2 

3-4  

 

11(30.6%) 

11 (30.6%) 

14 (38.9%) 

 

10 (27.8%) 

13 (36.1%) 

13 (36.1%) 

 

13 (36.1%) 

14 (38.9%) 

9 (9.25%) 

 

 

0.746 

 

   BC: breast cancer               BBL: benign breast lesions                          P >0.05 is not significant. 
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Table (2): Levels of CA15-3 and expression of lncRNA RP11-445H22.4 in studied groups. 

 

 Studied groups P P* 

Control 

(n=36) 

BC 

(n=36) 

BBL 

 (n=36) 

CA 15-3 (IU/ml)  

Median (Range) 

 

11.5(7-18) 

 

50 (10-95) 

 

20.5 (10-35) 

 

0.001 

 

<0.001**1 

<0.05*2 

<0.05*3 

LncRNA RP11-445H22.4 

Median (Range) 

 

0.97 (0.94-1) 

 

5 (3-10) 

 

1 (.99-3) 

<0.001 

 

<0.001**1 

>0.05 2 

<0.001**3 

  *p<0.05 is statistically significant                **p≤0.001 is statistically highly significant. 

   P1=(control) vs. (BC) P2=(control) vs. (benign lesions) P3=(BC) vs. (benign lesions). 

 

Table (3): Levels of RP11-445H22.4 and CA 15-3 in BC patients in relation to pathological features. 

 

 RP11-445H22.4 

 

CA 15-3 (IU/ml)  

 

Median (Range) P* Median (Range) P* 

TNM stage 

I-II 

III-IV 

 

4 (3-10) 

8 (4-10) 

 

0.03* 

 

 

25 (10-80) 

90 (23-120) 

 

0.003* 

 

Grade 

I 

II- III 

 

4 (3-7) 

8 (4-10) 

 

0.03* 

 

 

25 (10-80) 

90 (23-120) 

 

0.004* 

 

ER\ PR 

Negative 

Positive   

 

4 (3-5) 

7 (3-10) 

 

0.03* 

 

 

24 (20-50) 

70 (10-120) 

 

0.03* 

 

HER 2 

Negative 

Positive  

 

5 (2-10) 

2 (1-4) 

 

0.006* 

 

 

70 (11-120) 

25 (10-85) 

 

0.126 

 

P-value>0.05 is not significant                                                  *P<0.05 is statistically significant 

 

Table (4): Validity of CA 15-3 and RP11-445H22.4 within BC vs control and benign groups. 

 

 AUC Sensitivity Specificity PPV NPV Accuracy P 

CA 15-3 0.862 77.8% 80.7% 66.7% 87.9% 79.6% <0.001 

LncRNA RP11-

445H22.4 

0.993 95.9% 91.8% 85% 97.1% 92.5% <0.001 

LncRNA RP11-

445H22.4 + CA15-3 

0.906 94.3% 86.4% 77.2% 96.8% 88.9% <0.001 

 

Table (5): Reliability data of CA15-3 and RP11-445H22.4 to differentiate between TNM stages (I/II) and 

(III/IV) among BC patients. 

 

 AUC Sensitivity Specificity PPV NPV Accuracy P 

CA15-3 0.799 71.4% 75.9% 62.5% 80.0% 72.2% 0.04 

LncRNA RP11-

445H22.4 

0.812 71.4% 81.8% 71.4% 81.8% 77.8% 0.031 
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BC; breast cancer, BBL; benign breast lesion 

 
Figure (1):  Expression of RP11-445H22.4 and CA15-3 among studied groups. 

 

 
Figure (2): Receiver operating characteristics (ROC) curve. 

(A) Validity of CA15-3 in BC versus control and benign groups. 

(B) Validity of RP11-445H22.4 in BC versus control and benign groups 

          

DISCUSSION 

Women get breast cancer at any age after puberty, 

while the incidence rises with age [1]. Early 

diagnosis is essential for the best chance of 

recovery. Screening tests can save lives by 

detecting cancers at an early stage [17]. Long non-

coding RNAs (LncRNAs) are RNAs longer than 

two hundred nucleotides which are not converted 

into proteins and are commonly copied via RNA 

polymerase II from various genomic regions [18]. 

Under both normal and pathologic conditions, as 

well as cancer, they are acknowledged as crucial 

controllers of cellular function over different 

mechanisms like epigenetic or nonepigenetic 

mechanisms [19, 20]. On human chromosome 20, 

there is a gene called LncRNA RP11-445H22.4. It 

is 862 bp long. It has been linked to tumor-induced 

inflammatory response and is notably expressed in 

cells of breast cancer [12]. Its inhibition 

considerably salvaged lipopolysaccharide (LPS) 

induced cell injuries via encouraging viability of 

cells, suppression of apoptosis and secretions of 
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inflammatory cytokines. Additionally, lncRNA 

RP11-445H22.4 functions like molecular sponge 

of miR-301a, besides, the suppression of miR-301a 

considerably removed the protective roles of 

RP11- 445H22.4 silencing against LPS induced 

damage [14]. 

This work aimed at evaluating the role of 

circulating long non-coding RNA RP11- 445H22.4 

(lncRNA RP11-445H22.4) as a diagnostic marker 

of breast cancer and to investigate its association 

with the prognostic characteristics of the disease. 

CA15-3 is a form of the epithelial surface 

glycoproteins in cells of the breast; it was initially 

presented on the pellicle of the breast cancer cells, 

and highly expressed in breast cancer tissue, 

making it one of the most frequently used serum 

markers to assess the status of breast cancer [21]. 

 

In the present study, CA15-3 showed statistically 

significant increase among BC cases in comparison 

with healthy control group and cases with benign 

breast lesions. Also, it was significantly higher in 

cases with benign lesions than controls. So, these 

results agreed with Xue et al. [22] and also with 

Braihan et al. [23]. In contrast, Atoum et al. [24] 

identified that the control group had a greater level 

of CA15-3 than cases with benign breast lesions; 

this may be due to variation in age among their 

people and different method of determination by 

microparticle enzyme immunoassay (MEIA). 

 

According to the current study, patients with BC 

had higher levels of lncRNA RP11-445H22.4 

when compared to controls or cases who had 

benign breast lesions (p<0.001). Our results agreed 

with studies reported by Jiao et al. [25] and Moradi 

and Rahimi [26], who revealed there was 

overexpression of lncRNA RP11-445H22.4 in 

patients with BC. Regarding the relation between 

CA15-3 level and pathological features in BC 

patients, our study displayed that there was a 

statistically significant elevation in CA15-3 in 

patients presented with TNM stages III/IV or tumor 

grades II/III, as well as with positive ER/PR, while 

there was no significant difference among patients 

with positive or negative Her2/neu. These results 

went with that of Atoum et al. [24], who found 

substantial elevation in CA15-3 among grade II/III 

but disagreed in TNM stages as they revealed an 

increase in CA15-3 among patients with stage 

II/III.  

Concerning the relation between lncRNA RP11- 

445H22.4 expression and pathological features in 

BC patients; our study revealed a significant 

increase in expression of RP11-445H22.4 with 

stage III/IV, tumor grade II/III, positive ER/PR, 

and negative Her2/neu. Our results agreed with Xu 

et al.  [12], who revealed a significant increase in 

the expression of RP11-445H22.4 in BC cases with 

positive ER/PR and negative Her2/neu; however, 

these results disagreed with those of Moradi and 

Rahimi [26], who found no significant relation 

between expression of RP11-445H22.4 and the 

status of ER/PR, Her2/neu, and TNM stages. The 

receiver operating characteristic (ROC) curve 

analyzed the diagnostic performance for CA15-3 in 

differentiating cases that had BC from cases of 

benign breast lesions and controls. The present 

study revealed that the area under curve (AUC) for 

CA15-3 was (0.862) at cutoff level > (22.5 IU/ml) 

with 77.8% sensitivity and 80.7% specificity. Our 

results went with that of Zhong et al. [27], who 

reported that AUC for CA15-3 was (0.822), while 

results of Braihan et al. [23] showed lower 

sensitivity of CA15-3 (60%) and AUC was (<0.7).  

 

In the present study, lncRNA RP11-445H22.4 

ROC curves showed a 95.9% sensitivity, 91.8% 

specificity and an AUC of 0.991 at cutoff > 1.5. A 

study reported by Xu et al. [12] was in accordance 

with our study; the sensitivity was 92% and 

specificity was 74% for lncRNA RP11-445H22.4 

as a diagnostic marker of BC. Moreover, Moradi 

and Rahimi [26] revealed that the sensitivity was 

95% and specificity was 80% for RP11-445H22.4, 

while CA15-3 displayed 87% sensitivity and 77% 

specificity. 

Combined ROC curve analysis done for both 

lncRNA RP11-445H22.4 and CA15-3 

demonstrated 94.3% sensitivity and 86.4% 

specificity, so it can be used as a promising marker 

in diagnosis of BC. 

In the current study, ROC curve was used to 

distinguish between TNM stages (I/II) vs. (III/IV) 

among cases of BC; the sensitivity for lncRNA 

RP11-445H22.4 and CA15-3 were 71.4% for both, 

while the specificity for them were 81.8% and 

75.9% respectively. LncRNA RP11-445H22.4 had 

better sensitivity as well as specificity, it means 

that lncRNA RP11- 445H22.4 may act as a crucial 

biomarker that can be used in diagnosis of BC and 

show better performance than conventional 

circulating markers. 

The study's strengths include being one of the 

recent studies to evaluate the role of lncRNA 

RP11- 445H22.4 as a biomarker that helps in 

diagnosis of BC better than current circulating 

markers. 

Limitations: 

The study included relatively small number of 

subjects (total of 108 subjects), and it was done in 

a single center, so multicenter studies with larger 

numbers are needed. Also, further studies are 

requisitioned to reveal the relation of lncRNA 
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RP11-445H22.4 with tumor burden and its 

association with response to treatment. Follow-up 

of patients to assess overall survival and disease-

free interval is recommended to clarify the 

prognostic value of this marker.  
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CONCLUSION 

LncRNA RP11-445H22.4 was up-regulated in 

plasma from patients with BC when compared to 

normal controls and cases with benign breast 

lesions, in comparison to traditional biomarkers; it 

exhibited greater sensitivity and specificity. 

Moreover, LncRNA RP11-445H22.4 expression 

levels were related to ER, PR and Her2/neu status 

in BC patients. According to the results of the 

current study, women with BC who had advanced 

stages and higher tumor grades also had raised 

lncRNA RP11-445H22.4 levels. Consequently, it 

could serve as a potential biomarker for breast 

cancer diagnosis and prognosis. 
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