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Abstract: Breast cancer remains one of the leading
causes of cancer-related mortality in women
worldwide, necessitating the development of precise
and efficient detection methods. In vitro studies using
breast cancer cell lines have provided valuable insights
into biomarker expression, molecular classification,
and diagnostic advancements. This review explores
various in vitro detection methods, focusing on
Cytokeratin 19 (CK19) as a biomarker for circulating
tumor cells, the role for of claudin 1 and E-cadherin in
tumor development, and the application of tumor-
targeting nanoprobes rapid and sensitive breast cancer
detection. The findings highlight the significance of
molecular markers in classifying breast cancer
subtypes and optimizing targeted therapies. Further
research in this domain can enhance diagnostic
accuracy and improve treatment strategies.

INTRODUCTION

Breast cancer ranks among the most prevalent
cancers affecting women globally. The primary
cause of this cancer is the malignant proliferation of
the epithelial cells that line the ducts or glands of the
breast tissue. The incidence rate of this disease is on
a steady rise every year, taking into account the
population growth. Experts anticipate that the annual
count of new BC cases worldwide will reach
approximately 3.2 million by 2050- Several factors,
including age, family history, and lifestyle,
contribute to this alarming trend. Therefore, early
detection of BC is crucial to enhance the chances of
patient survival.Breast cancer cell lines are
commonly used and reproducible sources for
investigating biological and clinical functions, such
as exploring tumors, signal transduction pathways,
and modern therapeutic targets. Initially, they were
utilized as experimental models for breast cancer
research in various cancer studies. There are several
cell lines commonly used in breast cancer detection
studies, including:

1. MCF-7: A human breast cancer cell line derived
from a metastatic site in a patient with breast
adenocarcinoma.

2. T47D: A human breast cancer cell line derived
from a ductal carcinoma in situ.

3. SK-BR-3: A human breast cancer cell line
derived from a metastatic site in a patient with
breast adenocarcinoma.

4. MDA-MB-231: A human breast cancer cell line
derived from a metastatic site in a patient with
breast adenocarcinoma.

5. BT-474: A human breast cancer cell line derived
from a metastatic site in a patient with breast
adenocarcinoma.

These cell lines have been extensively characterized

and are widely used for in vitro studies of breast

cancer, including drug discovery, biomarker
identification, and mechanistic studies.

Several diagnostic methods have been developed

based on imaging and molecular biotechnology to

screen BC rapidly and accurately. It is crucial to
summarize and evaluate these methods to provide
valuable information for clinical diagnosis.
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In this review, various methods to detect breast
cancer are explained in brief emphasizing mostly on
detection methods by cell lines studies. Biomarkers
like CK19, Claudin | and E- Cadherin are studied in
depth and a review of other in-vitro methods by
imaging diagnosis like Mammography (MG),
Ultrasonography  (UG), Magnetic  Resonance
Imaging (MRI) and Molecular Biotechnology
Examination is also given.

CELL LINES EXAMINATION

Cytokeratin 19 biomarker detection
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CKs are intermediate filaments and are the primary
structural proteins in epithelial cells They normally
play a crucial role in organizing the cytoskeleton,
but abnormal expression can lead to the
development of cancer. CK19 is the smallest
member of the CK family and was first identified in
squamous cell carcinoma. Unlike other CKs that
form heterodimer structures, CK19 is a simple CK
that does not heterodimerize with any other CKs.
CK19 is highly expressed in metastatic cancers such
as breast, liver, lung, pancreas, and esophageal
cancers. In addition to its role in maintaining cell
structure, CK19 has been shown to play a role in
cellular communication, apoptosis , and regulating
protein synthesis and transport. The identification of
circulating tumor cells (CTC) is facilitated by the
expression of CKs, which are major structural
proteins in epithelial cells: Among the CKs, CK19 is
recognized as a sensitive marker for detecting early
metastasis and predicting cancer prognosis in tumor
cells with an epithelial origin in the bloodstream.
The data suggest that detecting CK19 in the blood
of patients could be a potential marker for detecting
breast cancer.

Hence, there are not only quantitative differences in
CK19 expression but also links between its
expression and other BC markers that should be
considered in the molecular classification of breast
carcinoma.

Cadherin and Claudin

The claudin and cadherin families are vital elements
of the tight and adherens junctions in epithelial cells.
This loosening of intercellular junctions plays a
significant role in the mechanisms involved in
tumor development. Despite the majority of
invasive breast cancers showing decreased levels of
claudin 1, some breast cancers of the basal-like
molecular subtype and the Iluminal-like human
breast cancer cell line MCF-7 display elevated levels
of this protein. Claudin 1, besides its presence in the
cell membrane, has also been found in the
cytoplasm of certain tumor cells or in cells
undergoing epithelial to mesenchymal transition
(EMT), a process that promotes cancer invasion and
metastasis. This protein is downregulated during
EMT. Similarly, E-cadherin has been reported to
exist in alternate cellular locations, including the
cytoplasm and nucleus, suggesting potential roles
beyond the cell membrane- Basal-like breast cancer
subtype is believed to involve collaborative
interactions between tight and adherens junctions,

where claudin 1 overexpression is associated with
the downregulation of E-cadherin. Since the
expression of claudin 1 and E-cadherin in breast
cancer progression can both be downregulated or
upregulated, it is crucial to determine their precise
location within the cell. This is because their
cellular distribution can affect their specific
functions within the cell.

Detection of breast milk

Breast cancer cell detection and characterization
from breast milk-derived cells is a method used to
identify and study cancer stem-like cells (CSC) in
breast milk samples from women with breast cancer.
These CSCs carry specific mutations within genes
related to cell growth and division, which make
them more resistant to chemotherapy and other
treatments. By enriching for specific markers on the
surface of these cells, such as CD49f+/EpCAM—,
CD44+/CD24—, and CD271+, researchers can
isolate and study the CSCs. This method has the
potential to improve early detection and treatment of
breast cancer by identifying these resistant cells and
developing more effective targeted therapies.

IMAGING DIAGNOSIS
Mammaography

Mammography (MG) is the preferred approach to
screen and diagnose breast cancer, providing
clinicians with vital information about BC patients.
According to research, early MG screening can
potentially reduce the mortality rate of BC patients
by 30%-40% In the meantime, only 4%-10% of
breast cancer patients receive a positive diagnosis
based on the results of mammography. Over time,
advancements in mammaography technology have
led to the development of new diagnostic
techniques. Currently, the two primary strategies
used for diagnosing breast cancer patients in clinical
settings are contrast-enhanced mammography
(CEM) and digital breast tomosynthesis (DBT).
Research indicates that in terms of diagnostic
accuracy and assessment of disease extent, contrast-
enhanced mammography (CEM) is comparable to
breast MRI and outperforms full-field digital
mammography (FFDM).

Overall, mammography and its derivatives are
essential tools for screening and diagnosing breast
cancer patients. These techniques offer numerous
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advantages, including rapid screening, high
accuracy, low cost, and suitability for widespread
use. As a result, mammography is an optimal
imaging diagnostic method for patients with limited
financial resources and can help eliminate the risk of
developing breast cancer. However, there are certain
limitations that may make mammaography unsuitable
for some individuals. For example, it requires the
use of harmful contrast agents and X-rays for
imaging, and cannot be repeated frequently within a
short period of time. Additionally, it is not
recommended for use in patients under the age of 40

Magnetic resonance imaging (MRI);

MRI enables the detection of familial breast cancer
at an early stage, without being affected by factors
such as the patient's age, breast density, or risk
status. The magnetic resonance diffusion weighted
(MRDW) technique is used to observe the
movement of water molecules in the body, making
it a valuable tool in diagnosing BC patients. Based
on research, malignant tumors display restricted
water diffusion compared to benign tumors, and this
difference can be detected by measuring the
apparent diffusion coefficient (ADC) values of the
tumors using MRDW.

Magnetic resonance imaging (MRI) is a useful
diagnostic tool for BC, but there are several factors
that limit its widespread use, such as long imaging
time, high cost, and contraindications for patients
with metal in their bodies. Therefore, MRI is
typically used in cases where the primary BC is
small, where more detailed information about the
tumor is needed, or for screening high-risk groups.
In the future, improvements in MRI technology may
lead to higher signal-to-noise ratios, shorter imaging
times, and lower costs. Additionally, reducing the
use of contrast agents should be a priority in
advancing MRI technology for use in all stages of
BC.

Ultrasonography

Ultrasonography (US) is a technique used to observe
the morphology and variations of tumor tissues, and
it can accurately determine the location of lesions.
Unlike other imaging techniques, US are non-
invasive and safe for all individuals. Throughout its
development history, early grayscale US was only
able to determine the presence of a tumor at the
detection site. However, it was challenging to
distinguish between benign and malignant tumors

due to its low resolution. The two-dimensional US
technique only produces flat images of the tumor,
which can sometimes affect physicians' ability to
make accurate judgments. As a solution, three-
dimensional US technology has been developed to
provide a more comprehensive imaging of the tumor
morphology and blood vessel distribution, which is
displayed during the patient's diagnosis. Among the
many types of three-dimensional US, color Doppler
US is especially useful as it can provide doctors
with valuable clinical information by clearly
reflecting the status of the tumor and blood flow,
which helps distinguish between benign and
malignant tumors. Studies have shown that utilizing
elastic US to screen suspected pathological tissues
has significantly improved the accuracy of BC
diagnosis. However, by incorporating three-
dimensional US, elastic US can be utilized to
diagnose axillary lymphadenopathy and categorize
the state of a patient's tumor. Although
mammography is considered the preferred method
for detecting calcification in breast cancer, small-
sized calcifications can be challenging to detect
through mammography or regular ultrasound. A
novel technique in US image processing called
MicroPure was developed to address the limitations
of detecting small calcifications through routine US
or MG. This technique is designed to analyze spatial
and frequency features of images to reduce speckle
and produce images with high tissue uniformity and
contrast resolution.

MOLECULAR BIOTECHNOLOGY
Nucleic acid hybridization ;

Fluorescence in situ hybridization (FISH) and
aptamer probe hybridization (APH) are nucleic acid
hybridization techniques that are wused for
diagnosing breast cancer. These techniques can
identify specific fragments of tumour biomarkers
and also help in discovering new biomarkers for
breast cancer diagnosis.

Fluorescence in situ hybridization (FISH) is a
powerful tool in molecular biology diagnostics, with
its principle based on base pairing. Research has
found that approximately 25-30% of all BC cases
are HER-2 positive BC. FISH has a high response
rate (98%) in amplifying the HER-2 gene and
determining high HER-2 copies per cell. Thus, FISH
is an important factor in determining whether
medication (Herceptin) is needed for BC patients,
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and is considered the "gold standard" for detecting
HER-2 gene activation. Other advantages of FISH
include reproducibility, stability, and high
sensitivity. However, its promotion is limited by the
need for complex probe design and a special
fluorescence detector.

Another precise and sensitive technique for
diagnosing BC is aptamer probe hybridization
(APH). The accuracy of APH largely depends on the
appropriate selection of aptamers, which are usually
generated by Systematic Evolution of Ligands by
Exponential enrichment (SELEX). Currently, Cell-
SELEX is oneof the most widely used methods for
obtaining high-quality aptamers from tumors.
Aptamers that are appropriate can recognize
particular fragments that can be utilized for disease
diagnosis. A novel fluorescent aptamer (AAI2-5)
has been developed, which can detect MCF-7 BC
cells and MDA-MB-231 cell lines sensitively and
easily from breast cells with an accuracy rate of
90%. Obtaining suitable aptamers or probes through
APH is currently a complex and challenging
process, which requires significant time and
financial resources, making it unsuitable for
widespread use in primary hospitals. However, in
the future, there is potential for the development of
simpler and more efficient screening methods for
aptamers, leading to the discovery of new
biomarkers for BC using APH.

Gene chip Sequencing:

A commonly used technique in diagnosing breast
cancer is gene chip analysis. It allows for the
simultaneous analysis of a large number of nucleic
acid fragments and is widely utilized in the field.
This method is particularly useful in observing and
analyzing the nucleic acid condition in breast cancer
cells or tissues, and also in identifying new
diagnostic biomarkers by screening large sample
sizes. The gene chip is essentially a high-density
oligonucleotide microarray, as is well known in the
field- Two methods are available for preparing gene
chips: in situ synthesis and direct point method.
Gene chip technology has some limitations,
including the difficulty in synthesizing probes, the
possibility of generating false positive signals, and
the complexity of nucleic acid extraction. However,
with the development of nanotechnology, it is
expected that the size of the chip will become
smaller, and the throughput of the gene chip will
increase in the future.

Flow cytometer

Flow cytometry (FCM) is a technology that can
measure multiple physical characteristics of a single
cell as it flows in suspension, and it has become an
essential tool in the diagnosis of BC- Developed in
the 1960s, FCM is a highly interdisciplinary
technology  that combines cytochemistry,
immunology, materials science, molecular biology,
spectroscopy, optical systems, fluidic systems, laser
technology, and computer technology. In addition to
its sorting function for tumor cells, FCM can rapidly
detect cells or biological particles through the one-
by-one flow state, multi-parameters, or rapid
qualitative and quantitative analysis. However, in
FCM, cells or biological particles must first be
treated and labeled to enable detection by laser.
Despite its advantages, FCM has the limitation of
requiring pre-treatment and labeling of cells or
particles. FCM has been combined with other
detecting techniques in recent years to achieve
quantitative detection of low-abundance genes. This
technology is also an excellent method for
diagnosing BC and guiding medication.

FCM can not only detect biomarkers of BC cells but
also identify them based on morphology. However,
there are some drawbacks of FCM, such as non-
specific binding of antigen- antibody, which can
affect the signaling pathway of FCM. Another issue
is the problem of dye pollution in FCM
experiments, and the high cost of the required
instruments. In the future, it is important to
standardize the diagnostic scheme for FCM and
develop high- efficiency and low-cost agents.

CONCLUSION

In conclusion, in vitro methods for the detection of
breast cancer using cell line studies, imaging
diagnosis, and molecular biotechnology have
provided valuable insights into the pathogenesis of
breast cancer. The use of cell line studies has
allowed for the examination of the mechanisms
underlying breast cancer progression and has been
instrumental in identifying potential therapeutic
targets. Imaging diagnosis techniques such as
mammography, ultrasound, and MRI have greatly
improved the early detection of breast cancer and
increased patient survival rates. Molecular
biotechnology techniques, such as PCR and gene
expression  profiling, have provided novel
biomarkers for the early detection, diagnosis, and
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treatment of breast cancer. These biomarkers, such
as HER2, estrogen receptor, progesterone receptor,
and Ki67, are used clinically to determine the
molecular subtype of breast cancer and guide
treatment decisions.

Overall, the integration of these various in vitro
methods has greatly improved our understanding of
breast cancer and has paved the way for
personalized medicine approaches. By combining
biomarker analysis with imaging diagnosis and cell
line studies, clinicians can now develop targeted
therapies for individual patients based on the
molecular characteristics of their tumors. As new
technologies continue to emerge, it is likely that in
vitro methods will continue to play a critical role in
breast cancer detection and treatment.

REFERENCES

[1] Kwan ML, Kushi LH, Weltzien E, Maring B,
Kutner SE, Fulton RS, Lee MM, Ambrosone
CB, Caan BJ. Epidemiology of breast cancer
subtypes in two prospective cohort studies of
breast cancer survivors. Breast Cancer Res.
2009; 11(3):R31. doi: 10.1186/bcr2261.

[2] Kabir NN, Ronnstrand L, Kazi JU. Keratin 19
expression correlates with poor prognosis in
breast cancer. Mol Biol Rep. 2014
Dec;41(12):7729-7735. doi: 10.1007/s11033-
014-3684-6.

[3] Tao zQ, Shi A, Lu C, et al. Breast cancer:
epidemiology and etiology. Cell Biochem
Biophys. 2015;72(2):333-338

[4] McPherson K, Steel CM, Dixon JM. ABC of
breast diseases: breast cancer—epidemiology,
risk factors, and genetics. BMJ.
2000;321(7261):624-628

[5] Zografos GC, Panou M, Panou N. Common
risk factors of breast and ovarian cancer: recent
view. Int J Gynecol Cancer. 2004;14(5):721-
740.

[6] McPherson K, Steel CM, Dixon JM. ABC of
breast diseases: breast cancer—epidemiology,
risk  factors, and genetics. BMJ.
2000;321(7261):624-628

[71 Zografos GC, Panou M, Panou N. Common
risk factors of breast and ovarian cancer: recent
view. Int J Gynecol Cancer. 2004;14(5):721-
740.

[8] Prat A, Parker JS, Karginova O, Fan C, Livasy
C, Herschkowitz JI, He X, Perou CM.

IJIRT 174306

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

Phenotypic and molecular characterization of
the claudin-low intrinsic subtype of breast
cancer. Breast Cancer Res. 2010;12(5):R68.
doi: 10.1186/bcr2635.

Hsiao YH, Chou MC, Fowler C, Mason JT,
Man YG. Breast cancer heterogeneity:
mechanisms, proofs, and implications. J
Cancer. 2010  Jun 1;1:6-13. doi:
10.7150/jca.1.6.

Helczynska K, Kronblad A, Jégi A, Nilsson E,
Beckman S, Landberg G, Pahlman S. Hypoxia
promotes a dedifferentiated phenotype in
ductal breast carcinoma in situ. Cancer Res.
2003  Apr  1;63(7):1441-1444.  PMID:
12670886.

Prat A, Parker JS, Karginova O, Fan C, Livasy
C, Herschkowitz JI, He X, Perou CM.
Phenotypic and molecular characterization of
the claudin-low intrinsic subtype of breast
cancer. Breast Cancer Res. 2010;12(5):R68.
doi: 10.1186/bcr2635.

Cimpean AM, Suciu C, Ceausu R, Tatucu D,
Muresan AM, Raica M. Relevance of the
immunohistochemical expression of
cytokeratin  8/18 for the diagnosis and
classification of breast cancer. Rom J Morphol
Embryol. 2008;49(4):479-483.

Wang L, Wang Y, Liu Y, Cheng M, Wu X,
Wei H. Flow cytometric analysis of CK19
expression in the peripheral blood of breast
carcinoma patients: relevance for circulating
tumor cell detection. J Exp Clin Cancer Res.
2009 Apr 28;28(1):57. doi: 10.1186/1756-
9966- 28-57.

Owens DW, Lane EB. The quest for the
function of simple epithelial Kkeratins.
Bioessays. 2003 Aug;25(8):748-758. doi:
10.1002/bies.10316.

Joosse SA, Hannemann J, Spotter J, Bauche A,
Andreas A, Miuller V, Pantel K. Changes in
keratin  expression  during  metastatic
progression of breast cancer: impact on the
detection of circulating tumor cells. Clin
Cancer Res. 2012 Feb 15;18(4):993-1003. doi:
10.1158/1078- 0432.CCR-11-2100.

Subik K, Lee JF, Baxter L, Strzepek T,
Costello D, Crowley P, Xing L, Hung MC,
Bonfiglio T, Hicks DG, Tang P. The
Expression Patterns of ER, PR, HER2, CK5/6,
EGFR, Ki-67 and AR by
Immunohistochemical Analysis in Breast
Cancer Cell Lines. Breast Cancer (Auckl).

3466



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

IJIRT 174306

© March 2025 | DIRT | Volume 11 Issue 10 | ISSN: 2349-6002

2010 May 20;4: 35-41.

Burdall SE, Hanby AM, Lansdown MR, Speirs
V. Breast cancer cell lines: friend or foe?
Breast Cancer Res. 2003;5(2):89-95. doi:
10.1186/bcr577

Gillet JP, Varma S, Gottesman MM. The
clinical relevance of cancer cell lines. J Natl
Cancer Inst. 2013 Apr 3;105(7):452-458. doi:
10.1093/jnci/djt007.

Vantangoli MM, Madnick SJ, Huse SM,
Weston P, Boekelheide K. MCF-7 Human
Breast Cancer Cells Form Differentiated
Microtissues in  Scaffold-Free Hydrogels.
PLoS One. 2015 Aug 12;10(8):e0135426.
doi:10.1371/journal.pone.0135426.

Aka JA, Lin SX. Comparison of functional
proteomic analyses of human breast cancer cell
lines T47D and MCF7. PL0oS One.
2012;7(2):e31532. doi:
10.1371/journal.pone.0031532.

Neve RM, Chin K, Fridlyand J, Yeh J, Baehner
FL, Fevr T, Clark L, Bayani N, Coppe JP,
Tong F, Speed T, Spellman PT, DeVries S,
Lapuk A, Wang NJ, Kuo WL, Stilwell JL,
Pinkel D, Albertson DG, Waldman FM,
McCormick F, Dickson RB, Johnson MD,
Lippman M, Ethier S, Gazdar A, Gray JW. A
collection of breast cancer cell lines for the
study of functionally distinct cancer subtypes.
Cancer Cell. 2006 Dec;10(6):515-527. doi:
10.1016/j.ccr.2006.10.008.

Masters JR. False cell lines: The problem and a
solution. Cytotechnology. 2002 Jul;39(2):69-
74. doi: 10.1023/A:1022908930937

Gazdar AF, Kurvari V, Virmani A, Gollahon
L, Sakaguchi M, Westerfield M, Kodagoda D,
Stasny V, Cunningham HT, Wistuba I,
Tomlinson G, Tonk V, Ashfag R, Leitch AM,
Minna JD, Shay JW. Characterization of paired
tumor and non-tumor cell lines established
from patients with breast cancer. Int J Cancer.
1998 Dec 9;78(6):766-774. doi: 10.1002/
(sici)1097-0215(19981209)78:63.0.co;2-I.

Ju JH, Oh S, Lee KM, Yang W, Nam KS,
Moon HG, Noh DY, Kim CG, Park G, Park
JB, Lee T, Arteaga CL, Shin I. Cytokeratin19
induced by HER2/ERK binds and stabilizes
HER2 on cell membranes. Cell Death Differ.
2015 Apr;22(4):665-676. doi:
10.1038/cdd.2014.155.

Zhang DH, Tai LK, Wong LL, Sethi SK, Koay
ES. Proteomics of breast cancer: enhanced

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

expression of cytokeratin19 in  human

epidermal growth factor receptor type 2
positive breast tumors. Proteomics. 2005
May;5(7):1797-1805. doi:

10.1002/pmic.200401069.

Orafa, Z., Karimi, N., Keyvani, S., & Oloomi,
M. (2022). Quantitative CK19 biomarker
detection in breast cancer cell lines. Journal of
medicine and life, 15(2), 188-195.
https://doi.org/10.25122/jml-2021-1101
Hanahan D, Weinberg RA. Hallmarks of
cancer: the next generation.  Cell.
2011;144(5):646-74.

Zhou B, Moodie A, Blanchard AAA, Leygue
E, Myal Y. Claudin 1 in breast cancer: new
insights. J Clin Med. 2015;4(12):1960-76.
Majer A, Blanchard AA, Medina S, Booth SA,
Myal Y. Claudin 1 expression levels affect
miRNA dynamics in human basal-like breast
cancer cells. DNA Cell Biol. 2016;35(7):328—
Mendonsa AM, Na T-Y, Gumbiner BM. E-
cadherin in contact inhibition and cancer.
Oncogene. 2018;37(35): 4769-80.

Ozawa M, Kobayashi W. Cadherin
cytoplasmic domains inhibit the cell surface
localization of endogenous E-cadherin,
blocking desmosome and tight junction
formation and inducing cell dissociation. PL0S
ONE. 2014; 9(8):e105313.

Bhat-Nakshatri, P., Kumar, B., Simpson, E.,
Ludwig, K. K., Cox, M. L., Gao, H., Liu, Y.,
& Nakshatri, H. (2020). Breast Cancer Cell
Detection and Characterization from Breast
Milk- Derived Cells. Cancer research, 80(21),
4828-4839. https://doi.org/10.1158/0008-
5472.CAN- 20-1030

Ayer T. Inverse optimization for assessing
emerging technologies in breast cancer
screening. Ann Oper Res. 2015;230(1):57-85.
Weigel S, Decker T, Korsching E, et al.
Calcifications in digital mammographic
screening: improvement of early detection of
invasive breast  cancers? Radiology.
2010;255(3):738-7
CovingtonMF,PizzitolaVVJ,LoransR,etal. The
future of contrast-enhanced mammography.
Am J Roentgenol. 2018;210

Katzen J, Dodelzon K. A review of computer
aided detection in mammography. Clin
Imaging. 2018;52:305-309.

3467



