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Introduction

The health of the axillary lymph nodes comprises the sin-
gular most important prognostic factor within breast cancer, 
and the factor has widely been used in order to guide local-
regional and systemic treatment decisions and the surgical 
removal of the axillary nodes facilitates staging, and addi-
tionally provides regional control within patients exhibiting 
axillary metastases. In recent years, sentinel lymph node 
(SLN) surgery has taken the place of axillary lymph node 
dissection (ALND) as the most widespread initial approach 
for treatment of women with clinically node-negative (cN0) 
disease, based upon the randomized trials demonstrating 
that SLN surgery is technically feasible in women exhibit-
ing cN0 disease, which creates lower levels of morbidities 
like paresthesia, lymphedema, and the decreased range of  
motion associated with ALND [1,2]. 

Order to identify tumor metastasis within SLN, intraop-
erative techniques like frozen sections and imprint cytology 

are typically utilized; however, their sensitivities are gener-
ally less than optimal (63% and 78% for imprint cytology and 
frozen sections, respectively), and would worsen in the case 
of micrometastasis [3,4] and within patients administered 
neoadjuvant chemotherapy (NAC). As the false-negative 
rate of conventional intraoperative technique for sentinel 
lymph node dissection was demonstrated to be non-negli-
gible [5], new, innovative diagnostic techniques are strongly 
recommended in order to minimize false negativity. 

Various molecular diagnostic methods like reverse tran-
scription polymerase chain reaction (RT-PCR) have previ-
ously been developed and examined for purposes of detect-
ing tumor involvement. However, these specific techniques 
necessitate sophisticated and expensive instrumentation 
alongside specialized personnel, limiting the scope of their 
effectiveness and availability. Posed as a novel diagnostic 
tool, one-step nucleic acid amplification (OSNA) utilizing  
cytokeratin 19 (CK19) mRNA was employed and demon-
strated to be suitable for purposes of the intraoperative 
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evaluation of SLNs possessing a very low false-positive rate, 
a higher accuracy diagnosis of SLN status may be possible 
when it is combined with conventional histopathologic tech-
niques.

Loop-mediated isothermal amplification (LAMP) com-
prises a novel nucleic acid amplification method that has 
widely been applied for purposes of the detection of various 
pathogen, but possesses the limitation of false-positive reac-
tions via carry-over contamination due to its high sensitivity 
and productivity [6]. Still, the RT-LAMP method facilitates 
improved performance as compared to the intraoperative 
histology SLN evaluation, furthermore, direct reverse tran-
scription loop-mediated isothermal amplification (direct RT-
LAMP) method lacking RNA extraction is capable of being 
more efficient and comprises an easily accessible process. 

In the present study, our team assessed the performance 
and efficacy of a direct RT-LAMP assay for purposes of the 
visual detection of CK19, CK20, and carcinoembryonic anti-
gen (CEA) mRNAs in order to identify lymph node metasta-
sis within patients exhibiting the early stages of breast cancer. 

Materials and Methods
 
1. Patients and specimen 

A total amount of 92 lymph nodes (52 SLNs, 40 non-
SLNs) excised from 40 patients exhibiting breast cancer were 
harvested from the Breast Cancer Center of Kyungpook  
National University Chilgok Hospital between November 
2015 and February 2016 (Fig. 1). The aggregate samples were 
then analyzed via RT-LAMP assay, direct RT-LAMP, and rou-
tine histopathology examination. 

2. Primer design 
LAMP primers targeted at human CK19 were created  

between exons 1 and 3 in order to avoid cross-reactivity with 
sequences from pseudogenes utilizing Primer Explorer V4 
(http://primereplorer.jp/elamp4.00/index.html). The RT-
LAMP primer set is comprised of two outer (F3 and B3), 
two inner (FIP and BIP), and two loop (LF and LB) primers. 
To qualify and prove the integrity of isolated RNA, β-actin 
(ACTB) was additionally designed employing the same soft-
ware. The sequences of each primer are displayed within  
Fig. 2. 

3. RT-LAMP assays
RT-LAMP assays were carried out within a 25 µL reaction 

which included 12.5 µL of 2× reaction buffer (20 mM Tris- 
HCl pH 8.8, 10 mM KCl, 10 mM (NH4)2SO4, 8 mM MgSO4, 0.8 
M betaine, 0.1% Tween 20, 1.4 mM dNTPs, 120 µM HNB), 1.5 
µL of primer mixture (final concentration: 1.6 µM each of FIP 
and BIP, 0.2 µM each of F3 and B3, 0.8 µM each of LF and LB), 
1 µL of enzyme mixture (16U Bst DNA polymerase and 120U 
M-MLV reverse transcriptase), 8 µL of DEPC-treated water, 
and 2 µL of the template RNA. DEPC-treated water was also 
employed for purposes of a negative control. The reaction 
mixture was conducted within a heating block (MaXtable 
H10, DAIHAN Scientific, Wonju, Korea) incubated at 58°C 
for 20 minutes and subsequently terminated at 80℃ for 2 
minutes. All of the experiments carried out were replicated 
three times. The positive reaction was indicated via a color  
alteration of the reaction buffer from the color pink to sky 
blue. The samples that became sky blue were counted as 
positive, while those that remained pink were counted as 
negative.

Fig. 1.  Flow chart of the study design. LN, lymph node; neg, negative; pos, positive.

No. of patients (n=40)
No. of LNs (n=92)

Cut-off value
- Patients (n=5)
- LNs (n=14, pos 2, neg 12)

Confirmatory set
- Patients (n=10)
- LNs (n=10, pos 5, neg 5)

Analyzed
- Patients (n=40) 
- LNs (n=92)

Validation set
- Patients (n=10)
- LNs (n=53)

Exploratory set
- Patients (n=15)
- LNs (n=15, pos 10, neg 5)

Excluded (n=0, n=0)
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4. Determining cutoff values
A cutoff value for RT-LAMP assays between histopatho-

logically positive and negative lymph nodes was deter-
mined utilizing 12 negative lymph nodes and two positive 
lymph nodes. Extractions of each RNA of lymph node (LN) 
was then diluted from 100 ng to 10 pg (100 ng, 1 ng, 100 pg, 

10 pg). RT-LAMP assay was carried out utilizing the above 
concentration of RNA. The cutoff value was determined via 
the RNA concentration of the clinically metastasis-negative 
lymph nodes. 

Fig. 2.  The reverse transcription loop-mediated isothermal amplification primers for cytokeratin 19 (CK19) and ACTB. 

CK19
F3

481 540CGACTGGTACCAGAAGCAGGGGCCT GGGCCCTCCCGCGACTACAGCCACTACTACACGAC
F2

LF
541 600CATCCAGGACCTGCGGGACAAGATTCTTGGTGCCACCATTGAGAACTCCAGGATTGTCCT

B1cF1c

LB
601 660GCAGATCGACAATGCCCGTCTGGCTGCAGATGACTTCCGAACCAAGTTTGAGACGGAACA

B2

B3
661 720GGCTCTGCGCATGAGCGTGGAGGCCGACATCAACGGCCTGCGCAGGGTGCTGGATGAGCT

β-Actin (ACTB)

781 840AGCTCCTCCCTGGAGAAGAGCTACGAGCTCCTGACGGCCAGGTCATCACCATTGGCAAT
F3

LF
841 900GAGCGGTTCCGCTGCCCTGAGGCACTCTT CCAGCCTTCCTTCCTGGGCAT GGAGTCCTGT

F2

F1c LB
901 960GGCATCCACGAAACTACCTTCAACTCCATCATGAAGTGTGACGTGGACATCCGCAAAGAC

B1c

B3B2
961 1,020CTGTACGCCAACACAGTGCTGT CTGGCGGCACCACCATGTACCCTGGCATTGCCGACAGG

Fig. 3.  Schematic procedural diagram of direct reverse transcription loop-mediated isothermal amplification (RT-LAMP). The total reac-
tion time of our direct RT-LAMP assay is about 30-35 minutes. ACTB, β-actin; CK19, cytokeratin 19; NC, negative control.
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5. Direct RT-LAMP assay
The lymph node tissue (2 mg < LN < 30 mg per reaction) 

was initially transferred into a 2 mL tube hosting 800 µL of 
BCL buffer (Mmonitor, Daegu, Korea). The SLN tissue was 
thus homogenized utilizing a disposable micro homogenizer 
(Takara, Tokyo, Japan) for a period of 1 minute and then was 
centrifuged at 12,000 rpm for a period of 1 minute. Following 
centrifugation, 10 µL lysate in place of DEPC water and an 
RNA template was employed for the direct RT-LAMP reac-
tion. The reaction mixture is identical with RT-LAMP. The 
reaction was incubated at 58°C for 15 minutes and then ter-
minated at 80°C for 2 minutes (Fig. 3). Direct RT-LAMP can 
be performed without prior RNA purification. The homog-
enization of lymph node with lysis buffer takes 5-10 minutes, 
and the reaction time of RT-LAMP is 25 minutes. Thus, the 
total reaction time of our direct RT-LAMP assay was 30-35 
minutes.

6. Sensitivity of RT-LAMP assay 
The breast adenocarcinoma MCF7 cell line was obtained 

from the Korean Cell Line Bank (Seoul, Korea). Cells were 
cultured within an RPMI1640 medium S1 Fig. with 10% 
FBS, 1% penicillin, and streptomycin (Gibco, Waltham, MA) 
at 37°C within a 5% CO2 atmosphere. The total RNA was  
extracted utilizing an RNeasy mini kit (Qiagen, Hilden, Ger-
many) following the manufacturer’s protocol. The sensitivity 
of RT-LAMP was carried out using serially 10-fold diluted 
MCF7 cell line RNA from 100 ng to 1 pg as the template. The 
experiment was thus repeated in duplicate. The endpoint 
was calculated based upon the color change of the reaction 
buffer.

7. Exploratory test
For purposes of the exploratory set, clinically 10 positive 

and five negative nodes were surgically removed from the 15 
patients exhibiting the early stage of breast cancer and then 
reviewed by two pathologists for conventional hematoxylin 
and eosin staining lacking any clinical information whatso-
ever. A single slice of 0.2 mm thickness sampled from each 
node were obtained during the frozen section procedure and 
sent to the laboratory for purposes of mRNA extraction and 
PCR for an innovatory diagnosis. Our team prospectively 
designed that, in case of 100% positive node metastasis via 
mRNA assay, another 10 positive and five negative nodes 
were thus sent to the lab for confirmation, which the lab was 
not made aware of.

8. Confirmatory set
Our team surgically sampled 10 nodes, including five posi-

tive and negative nodes, from 10 patients exhibiting the early 
stages of breast cancer for purposes of the confirmatory test. 

Results

1. Patient characteristics 
The clinicopathological features of the patients are dis-

played in Table 1. The median age of the patients comprised 
51 years of age (range, 31 to 78 years), and the clinical stages 
of the cancer diagnosis prior to surgery were as follows: stage 

Table 1.  Baseline characteristics of the patients

Characteristic	 No. (%) (n=40)

Age (yr)
    Median (range)	 51 (31-78)
Sex 
    Male	 0 (
    Female	 40 (100)
Initial TNM stage 
    I	 10 (25.0)
    II 	 24 (60.0)
    III 	 6 (15.0)
Histologic type
    Invasive ductal carcinoma	 33 (82.5)
    Lobular carcinoma	 1 (2.5)
    Mixed	 2 (5.0)
    Others 	 4 (10.0)
Grade 
    1	 5 (12.5)
    2  	 23 (57.5)
    3 	 10 (25.0)
ER expression 
    Positive	 29 (72.5)
    Negative 	 11 (27.5)
PR expression 
    Positive 	 22 (55.0)
    Negative 	 18 (45.0)
HER2 expression 
    Positive 	 13 (32.5)
    Negative	 27 (67.5)
Neoadjuvant chemotherapy 	 9 (22.5)
Sentinel lymph node surgery 	 35 (87.5)
Axillary lymph node dissection 	 37 (92.5)
Pathologic stage
    I 	 22 (55.0)
    II 	 15 (37.5)
    III 	 1 (2.5)
Lymph node status
    pN0	 17 (42.5)
    pN1	 19 (47.5)
    pN2	 3 (7.5)
    pN3	 1 (2.5)
ER, estrogen receptor; HER2, human epidermal growth factor 
receptor 2; PR, progesterone receptor.
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I (n=10, 25%), stage II (n=24, 60%), and stage III (n=6, 15%). 
Approximately 20% of the treated patients were adminis-
tered NAC, 35 patients were subject to an SLN procedure, 
and 37 patients underwent ALND during the course of their 
surgical treatment. Invasive ductal carcinoma was the most 
frequent histologic type of cancer present (n=33, 82.5%); the 
majority of the tumors presented as estrogen receptor-posi-
tive (n=29, 72.5%) and half of the patients were grade 2 (n=23, 
57.5%). Patients were staged following the guidelines of the 
7th American Joint Committee on Cancer staging system.

2. Sensitivity of RT-LAMP
The sensitivity of RT-LAMP assay for detection of CK19 

was calculated utilizing extracted total RNA from the MCF7 
cell line. The RT-LAMP assay was able to amplify by 100 pg/
µL of total RNA of MCF7 cell line. RT-LAMP products were 
additionally confirmed via 2% agarose gel electrophoresis 
(Fig. 4). The sensitivity of RT-LAMP assay for the detection 
of CK19 was 4 times higher than the previous result (12.5 pg 
vs. 50 pg).

3. Cutoff value 
A cutoff value for the RT-LAMP assay between the histo-

Fig. 4.  Sensitivity of reverse transcription loop-mediated isothermal amplification (RT-LAMP). (A) Sensitivity of CK19 in MCF7 cell line 
by RT-LAMP. (B) RT-LAMP products by 2% agarose gel electrophoresis. Lane 1, 100 ng; lane 2, 10 ng; lane 3, 1 ng; lane 4, 100 pg; lane 5, 10 
pg; lane 6, positive control (ACTB); lane 7, negative control (D.W.); M, 100-bp marker.   

A B
1 2 3 4 5 6 7 1 2 3 4 5 6 7 M

Fig. 5.  Determination of cutoff value for the reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay between the 
histopathologically positive and negative lymph nodes (LNs). Using the cutoff value of 1 ng, we achieved 100% matched results between 
the RT-LAMP assay and histopathological examination. N, negative; NC, negative control; PC, positive control. 

50 ng
LN RNA
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pathologically positive and negative lymph nodes was cal-
culated via the concentration of total RNA sampled from 
12 negative LNs. To validate the cutoff value, our team ana-
lyzed total RNA concentration of positive LNs, which reveals 
the color change of reaction buffer. The concentration of total 
RNA from the histopathologically positive LNs was < 100 pg. 
Based on these results, our team established a cutoff value 
of 1 ng for distinguishing between metastasis-negative and 
-positive LNs. Using the cutoff value of 1 ng, we achieved 
100% matched results between the RT-LAMP assay and his-
topathological examination (Fig. 5). 

4. Performance of direct RT-LAMP relative to standard his-
tology 

Out of the 20 samples possessing histological metastases, 
18 samples were direct RT-LAMP positive, yielding a sensi-
tivity of 90%. Of the 25 histology-negative samples, 25 pos-
sessed negative direct RT-LAMP results, yielding a speci-
ficity of 100%. The positive predictive value and negative 
predictive value were 100% and 92.6%, respectively (Table 2).  

 

Discussion

In the present study, our team analyzed the performance 
of direct RT-LAMP assay utilizing heat-treated samples lack-
ing RNA extraction. The sensitivity and specificity of the  
direct RT-LAMP assay were 85.7% and 100%, respectively. 
The positive predictive value and negative predictive value 
were 100% and 94.4%, respectively.

Various previous studies analyzed the performance of RT-
LAMP for the purposes of detection of SLN metastases with-
in breast cancer patients [7-9]. Szychta et al. [7] revealed 100 
% of sensitivity and 90.47% of specificity for the RT-LAMP 
method to intraoperative detection of LN metastasis across 
98 breast cancer patients. Furthermore, Cserni [10] dem-

onstrated the various results of histological and RT-LAMP 
tests in varying validation series. They demonstrated levels 
of 91%-100% of sensitivity and 93.4%-99.3% of specificity 
for each study. Previous meta-analysis revealed the pooled 
sensitivity, specificity, and area under the summary receiver-
operating characteristic curve (AUC) for overall metastasis 
were 0.90, 0.96, and 0.98, respectively [11]. In our study, we 
demonstrated that comparable sensitivity and specificity 
of the direct RT-LAMP assay for detection of lymph node 
metastasis in breast cancer patients (90% and 100%, respec-
tively).

A direct RT-LAMP assay utilizing heat-treated samples 
lacking RNA extraction was first developed and evaluated 
for the detection of specific virus (EV71 subgenotype C4) 
within nasopharyngeal swab specimens [12]. The sensi-
tivity and specificity was reported to be 90.3% and 100%,  
respectively, as compared to RT-LAMP, and 86.3% and 100% 
respectively, as compared to quantitative real-time PCR. 
Recently, Mohon et al. [13] developed a direct RT-LAMP 
method targeting 20 genes encoding the spike (S) protein 
and RNA-dependent RNA polymerase of severe acute res-
piratory syndrome coronavirus 2. They revealed that the  
direct RT-LAMP assay achieves a comparable limit of detec-
tion for commonly utilized RT-PCR protocols [13]. However, 
few studies exist evaluating LN metastasis within breast 
cancer patients utilizing a direct RT-LAMP method. In the 
present study, our team applied a direct RT-LAMP assay in 
order to detect LN metastasis within breast cancer patients. 

Even though, the performance of former RT-LAMP for 
detection of SLN in breast cancer patients is quite good, the 
RNA extraction step requires approximately 30 minutes, the 
omission of RNA extraction could possibly save both time 
and labor for the preparation of the samples for RT-LAMP 
[14]. Direct RT-LAMP can be performed without prior RNA 
purification. Thus, the total reaction time of our direct RT-
LAMP assay was 30-35 minutes.

Table 2.  Sensitivity and specificity of direct RT-LAMP when compared to routine histopathology 

Sentinel node direct RT-LAMP result
	                                           Histopathology		

Total
	 Positive	 Negative

Positive	 18	   0	 18
Negative 	 2	 25	 27
Total	 20	 25	 45
Sensitivity (%)	 90		
Specificity (%)	 100		
PPV (%)	 100		
NPV (%)	 92.6		
NPV, negative predictive value; PPV, positive predictive value; RT-LAMP, reverse transcription loop-mediated isothermal amplification 
method.
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Furthermore, the performance of direct RT-LAMP for the 
detection of LN metastasis is strong enough to replace stand-
ard histology. Previous studies reported that the intraopera-
tive frozen section SLN examination has only 50% to 70% 
sensitivity for the detection of metastasis compared with the 
permanent histologic section of the permanent histologic sec-
tions [15]. Besides, complete analysis of the sentinel lymph 
node biopsy specimen requires extensive preparation and 
time-consuming reviews [16].

However, some limitations should be noted. First, the  
direct RT-LAMP assay is not a quantitative method and can-
not be used to predict the size of the metastasis. Second, the 
sample size was limited.  

In conclusion, the direct RT-LAMP is a new and reliable 
method for the molecular staging of lymphatic metastasis 
within breast cancer. The results showed the potential clini-
cal feasibility of direct RT-LAMP as a useful diagnostic tool 
for detecting LN metastasis with high sensitivity and speci-
ficity. Further large-scale studies are necessary in order to  
determine the clinical utility of this method.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and 
Treatment website (https://www.e-crt.org).

Ethical Statement
The study procedure was approved by the institutional review 
board at KNUCH (KNUCH 2016-10-011). All procedures followed 
were in accordance with the ethical standards of the responsible 
committee on human experimentation (institutional and national) 
and the Helsinki Declaration of 1964 and later versions. Informed 
consent or a substitute was obtained from all patients before inclu-
sion in the study.

Author Contributions
Conceived and designed the analysis: Lee IH, Lee SJ, Chae YS. 
Collected the data: Jung JH, Lee J, Park HY, Chae YS.
Contributed data or analysis tools: Lee IH, Jung JH, Lee SJ, Lee J, 
Park HY, Park JY (Ji-Young Park), Park JY (Jee Young Park), Jung 
JH, Lee H, Jeon HS, Chae YS.
Performed the analysis: Jung JH, Lee H, Jeon HS.
Wrote the paper: Lee IH, Jung JH, Chae YS.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This work was supported by the National Research Foundation 
of Korea (NRF) grant funded by the Korea government (MSIT) 
(NRF-2019R1A2C1006264) and by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea government 
(2017M3A9G8083382).

1. �Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow SP, 
Costantino JP, et al. Sentinel-lymph-node resection compared 
with conventional axillary-lymph-node dissection in clinical-
ly node-negative patients with breast cancer: overall survival 
findings from the NSABP B-32 randomised phase 3 trial. Lan-
cet Oncol. 2010;11:927-33.

2. �Fleissig A, Fallowfield LJ, Langridge CI, Johnson L, New-
combe RG, Dixon JM, et al. Post-operative arm morbidity and 
quality of life: results of the ALMANAC randomised trial 
comparing sentinel node biopsy with standard axillary treat-
ment in the management of patients with early breast cancer. 
Breast Cancer Res Treat. 2006;95:279-93.

3. �Tew K, Irwig L, Matthews A, Crowe P, Macaskill P. Meta-
analysis of sentinel node imprint cytology in breast cancer. Br 
J Surg. 2005;92:1068-80.

4. �Liu LC, Lang JE, Lu Y, Roe D, Hwang SE, Ewing CA, et al.  
Intraoperative frozen section analysis of sentinel lymph 
nodes in breast cancer patients: a meta-analysis and single-
institution experience. Cancer. 2011;117:250-8.

5. �Mamounas EP, Brown A, Anderson S, Smith R, Julian T, 
Miller B, et al. Sentinel node biopsy after neoadjuvant chem-

otherapy in breast cancer: results from National Surgical  
Adjuvant Breast and Bowel Project Protocol B-27. J Clin Oncol. 
2005;23:2694-702.

6. �Hsieh K, Mage PL, Csordas AT, Eisenstein M, Soh HT. Simul-
taneous elimination of carryover contamination and detec-
tion of DNA with uracil-DNA-glycosylase-supplemented 
loop-mediated isothermal amplification (UDG-LAMP). Chem 
Commun (Camb). 2014;50:3747-9.

7. �Szychta P, Westfal B, Maciejczyk R, Smolarz B, Romanow-
icz H, Krawczyk T, et al. Intraoperative diagnosis of sentinel 
lymph node metastases in breast cancer treatment with one-
step nucleic acid amplification assay (OSNA). Arch Med Sci. 
2016;12:1239-46.

8. �Tsujimoto M, Nakabayashi K, Yoshidome K, Kaneko T, Iwase 
T, Akiyama F, et al. One-step nucleic acid amplification for 
intraoperative detection of lymph node metastasis in breast 
cancer patients. Clin Cancer Res. 2007;13:4807-16.

9. �Smolarz B, Krawczyk T, Westfal B, Maciejczyk R, Zadrozny 
M, Samulak D, et al. Comparison of one-step nucleic acid  
amplification (OSNA) method and routine histological inves-
tigation for intraoperative detection of lymph node metasta-

References

Cancer Res Treat. 2022;54(1):174-181

180     CANCER  RESEARCH  AND  TREATMENT



sis in Polish women with breast cancer. Pol J Pathol. 2013;64: 
104-8.

10. �Cserni G. Intraoperative analysis of sentinel lymph nodes in 
breast cancer by one-step nucleic acid amplification. J Clin 
Pathol. 2012;65:193-9.

11. ��Shi F, Liang Z, Zhang Q, Wang C, Liu X. The performance 
of one-step nucleic acid amplification assay for intraoperative 
detection of sentinel lymph node macrometastasis in breast 
cancer: An updated meta-analysis. Breast. 2018;39:39-45.

12. �Nie K, Qi SX, Zhang Y, Luo L, Xie Y, Yang MJ, et al. Evaluation 
of a direct reverse transcription loop-mediated isothermal 
amplification method without RNA extraction for the detec-
tion of human enterovirus 71 subgenotype C4 in nasopharyn-
geal swab specimens. PLoS One. 2012;7:e52486.

13. �Mohon AN, Hundt J, van Marle G, Pabbaraju K, Berenger B, 

Griener T, et al. Development and validation of direct RT-
LAMP for SARS-CoV-2. Preprint at: https://www.medrxiv.
org/content/10.1101/2020.04.29.20075747v2 (2020).

14. �Nie K, Zhang Y, Luo L, Yang MJ, Hu XM, Wang M, et al. Vis-
ual detection of human enterovirus 71 subgenotype C4 and 
Coxsackievirus A16 by reverse transcription loop-mediated 
isothermal amplification with the hydroxynaphthol blue dye. 
J Virol Methods. 2011;175:283-6.

15. �Tanis PJ, Boom RP, Koops HS, Faneyte IF, Peterse JL, Nieweg 
OE, et al. Frozen section investigation of the sentinel node 
in malignant melanoma and breast cancer. Ann Surg Oncol. 
2001;8:222-6.

16. �Giuliano AE, Dale PS, Turner RR, Morton DL, Evans SW, 
Krasne DL. Improved axillary staging of breast cancer with 
sentinel lymphadenectomy. Ann Surg. 1995;222:394-9.

In Hee Lee, Direct RT-LAMP in Breast Cancer 

VOLUME 54 NUMBER 1 JANUARY 2022     181




