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Abstract
Assessing breast cancer tissues for expression of multiple 
biomarkers, such as the estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor receptor 2 (HER2), 
and Ki67, provides critical information for patient management. 
However, the predictive power of these biomarkers for the 
selection of personalized therapeutic approaches is still limited. 
Application of fluorescence immunohistochemistry (IHC) has 
offered some promising breakthroughs in the multiplexed imaging 
and quantification of biomarker expression and may improve 
the sensitivity and reliability of clinical diagnostics. This Review 
discusses recent fluorescence IHC of biomarker in breast cancer 
tissue samples and compares this method with classic pathological 
methods of biomarker detection.
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HER2: human epidermal growth factor receptor 2; IHC: 
immunohistochemistry; ER: estrogen receptor; PR: progesterone 
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isothiocyanate; AQUA: automated quantitative analysis of 
histological sections; QD: quantum dot; FFPE: formalin-fixed 
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and trastuzumab emtansine [1-4]. The approach published by the St. 
Gallen Panels [5] is based on available clinicopathological testing; 
however, this classification approach has not been fully validated. 
Although, the classical immunohistochemistry (IHC) method, 
which uses 3,3’-diaminobenzidine (DAB), is widely used method of 
assessing these factor, it has some disadvantages, such as susceptibility 
to interfering factors, unstable sensitivity, high discrepancy among 
laboratories, subjective interpretation, and semiquantitative nature 
[6-8]. Therefore, a sensitive, accurate, and quantitative method for 
detection and measurement of these biomarkers is urgently required. 
To address these issues, organic dye- and fluorescence nanoparticle-
based immunofluorescence techniques, whose properties are 
summarized in Table 1, are thought to be suitable for quantifying 
protein expression.

Here, we review on the recent applications of IHC for breast cancer 
pathology, particularly using fluorescence immunohistochemistry 
for multiplexed staining and quantitative analysis.

IHC modality for multiplexed
IHC with chromogen: IHC has been used for protein marker 

detection and localization in tissue specimens for decades [9]. IHC 
with DAB is the most conventional IHC protocol used today. IHC 
with DAB has several advantages over immunofluorescence stains, 
including that analysis can be performed using transmission light 
microscopy, and that tissue autofluorescence does not influence 
interpretation. Thus, the stain is long lasting and can be reviewed 
at a later time [10]. Diagnostic IHC has been improved by the 
development of companion diagnostics, such as HercepTestTM, to 
predict responses to a specific therapy [11]. Computerized image 
analysis systems for pathology have been established [12,13], and 
other software algorithms have also been shown to provide data that 
correlate highly with pathology scores [14].

As a method of IHC with chromogens, Vectra® technology is 
promising, quantitating overlapping biomarkers using chromogenic 
multiplexed immunohistochemistry in prostate cancer [15]. 
Biomarker expression analysis and tissue component segmentation 

Introduction
Clinical criteria, including immunohistochemical biomarkers, 

such as estrogen receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2), are routinely employed 
for classification of breast cancer and to help determine the optimal 
approach for therapy. ER, PR and HER2 statuses help to determine 
the optimal regimen for endocrine therapy, chemotherapy, and 
anti-HER2 molecular-targeted therapy. HER2 have both prognostic 
significance and therapeutic value, especially for predicting response 
to anti-HER2 therapies, such as trastuzumab, lapatinib, pertuzumab, 
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was performed with Vectra® software (Nuance® software and 
inForm® software, respectively). In breast cancer, ERβ1 localization 
and quantitative expression were assessed in formalin-fixed, paraffin-
embedded (FFPE) tissue sample using the Vectra® platform [16]. 
Although there are some limitations such as detection reliability of 
tissue and cell segmentation, this method promises an objective and 
reproducible approach for biomarker analysis.

For IHC with chromogens, there is a linear relationship between 
the amount of antigen and the staining intensity only at low levels 
[8]. And the intensity of DAB staining depends on the enzyme 
activity of horseradish peroxidase (HRP), so the staining intensity 
is significantly influenced by reaction time, temperature, and HRP 
substrate concentrations. Furthermore, the intensity of DAB staining 
often differs between experimenters [17]. Therefore, this method 
has some disadvantages, such as susceptibility to interfering factors, 
unstable sensitivity, discrepancy among laboratories, and subjective 
interpretation [18]. Thus there are some worries that they are not 
highly quantitative because these methods with chromogens.

Fluorescence IHC by organic fluorescence dyes: The fluorescent 
labeling of biomolecules using organic dyes, such as fluorescein 
isothiocyanate (FITC), DAPI, Cy-3, Cy-5, and rhodamine is widely 
employed in biological imaging and clinical diagnosis. A DeltaVision 
Restoration deconvolution microscope, combined with fluorescent 
IHC, has been used to obtain reproducible and quantitative estimates 
of ER and PR expression in FFPE tissue samples, with FITC, DAPI, 
and rhodamine as organic fluorescence dyes [19].

Camp and colleagues developed a system for compartmentalized, 
automated, quantitative analysis of histological sections (AQUA) 
[20]. For automated analysis, AQUA uses a modified IHC technique 
with Cy-5 tyramide. AQUA provides highly reproducible analysis 
of target protein expression with the use of a continuous scale, 
and preserves spatial information, including tissue and subcellular 
localization. AQUA was used to assess ER, PR, and HER2 protein 
expression in a large set of tissues in clinical trial enrollment [21]. 
Both ER and PR showed unimodal distributions and significantly 
predicted disease-free survival when tested as continuous variables 
and adjusted for node status, tumor size, treatment, and menopausal 
status. HER2, measured as a continuous variable, had a biphasic effect 
on disease-free survival. Patients with either high or low expression 
of HER2 exhibited worse outcomes than patients with intermediate 
HER2 expression.

New technology, cyclic immunofluorescence (CycIF), is a 
powerful approach to highly multiplexed imaging by building 
four to six channels at a time [22]. This procedure increasing the 
multiplicity of cell and tissue staining by cycling the sample involved 
heat and exposure to acid. CycIF with multispectral image analysis 
to deliver highly quantified data, allows for more comprehensive 
pathological assessment. ER, PR, HER2, and Ki67 were analyzed in 
a multiplexed assay with similar expression when stained alone, or 
combined in a multiplexed assay [23]. However, we are worried about 
some problems to organic fluorescent dyes, including inadequate 
fluorescent efficiency, low photostability, and autofluorescence 
interference for precise quantification [24].

Development of nanoparticle-based IHC: Quantum dot 
(QD), a semiconductor nanoparticle, have unique photophysical 
properties, such as size-tunable symmetric emission bands, 
superior light absorbance, high fluorescent intensity, and strong 
photostability [25]. Their unique optical properties have led QD-
based nanotechnology to be applied in a wide variety of biomedical 
applications for cancer diagnosis in combination with cancer 
biomarkers. Immunofluorescence IHC is thought to be the most 
common application of QD. Many studies have investigated ER, PR, 
and HER2 proteins on a single slide correlate closely with the results 
achieved from traditional IHC, western blot analysis, and fluorescence 
in situ hybridization [26]. Additionally, they used five QD colors 
simultaneously on a single clinical tissue specimen to detect five 
unique markers (ER, mammalian target of rapamycin, PR, epidermal 
growth factor, and HER2), further demonstrating the molecular 
profiling potential of these nanoparticles in complex tissue samples 
[26]. Recently, QD-based double fluorescent imaging technique 
could help the quantitative study on the co-expressions of Ki67 and 
HER2 in breast cancer, and Ki67 has a greater negative impact on 
breast cancer prognosis than HER2 [27]. As quantitative analysis, 
it was reported the total HER2 load was a good indicator to assess 
prognosis in breast cancer patients [24]. This parameter identified a 
distinct subgroup of patients with particularly poor 5-year disease-
free survival who were not identified using other methods. Tissue 
autofluorescence in FFPE samples is comparable to the fluorescent 
intensity of QD, complicating analysis; quantitative analysis of QD at 
the single-particle level may be difficult in FFPE samples. However we 
reported the quantitative sensitivity of immunohistochemistry with 
QD by using an autofluorescence-subtracted image and single-QD 
imaging [28]. And Kwon et al developed a new auto-fluorescence 

Property Avi-TMR Quantum dot Organic fluorophores

Absorption spectra

Emission spectra

Photobleaching

Strokes shift

Size and shape

Similar to their emission
spectra

Broad

High-resistance

24nm

115nm

Broad spectra with size
dependent excitation peak

Narrow

High-resistance

100-500nm

10-20nm

Similar to their emission
spectra

Broad

Low-resistance

< 30nm

< 10nm

Polyethylene
glycol (PEG)

TMR
Streptavidin

Matrix

QDs

Linker

Streptavidin

FITC

Table 1:  Comparison of the physical properties of fluorescence IHC. Organic fluorophores,QD, Avi-TMR. 



• Page 3 of 4 •ISSN: 2469-5807Tada et al. Int J Pathol Clin Res 2016, 2:022

removal method using auto-fluorescence libraries [29]. Although 
there are some limitations that this technique requires special 
reagents or instrumentation, and is expensive, QD still has a potential 
to change the conventional diagnostic system.

Fluorescent dye-containing nanoparticles and avidin-
tetramethylrhodamine (Avi-TMR) particles: Fluorescent dye-
containing nanoparticles have been shown to have extensive 
applications in bio-analysis and biodetection due to their high 
stability and superior luminescence quantum yield [30]. The 
fluorescence intensity of organic fluorescent material-assembled 
nanoparticles, termed Avi-TMR (Table 1), is approximately 10-
fold greater than that of QDs, and the level of ER expression can 
be quantified with much greater accuracy compared to DAB-based 
IHC. These low Stokes shift may lead to a loss of antigen´s detection. 
But the fluorescent intensity of our Avi-TMR was 10-fold greater 
than QDs, Avi-TMR IHC produced a significantly higher signal-to-
noise ratio on IHC-imaged cancer tissues than previous methods. In 
addition, the investigation of nuclear morphology by counterstaining 
with hematoxylin is essential. Hematoxylin staining does not affect 
Avi-TMR particle staining patterns, indicating that biomarker 
diagnosis by Avi-TMR particles and nuclear morphology diagnosis 
using hematoxylin can be performed in identical tissue specimens. 
A summary of the comparison between Avi-TMR-IHC and 
common methods for detection of biomarker proteins is shown in 
Table 2. Some modalities are clinically and experimentally available 
for detection of biomarker protein at the FFPE sample. Of these 
technologies, Avi-TMR IHC is particularly appealing due to their 
very high quantification capabilities (Table 2). This new technology 
has a potential to achieve the supersensitive quantitative investigation 
of cancer biomarkers at the single protein level. However, there are 
several limitations to these studies. In particular, these studies were 
retrospective, used nonrandomized clinical data sets, and were not 
validated. Therefore, further studies are required to investigate the 
applicability of Avi-TMR particles.

Conclusion
The role of fluorescent IHC in bio-imaging and analysis has 

grown considerably over the last decade, and continued expansion 
of the applications of this method is expected. Quantitative and 
objective investigation of cancer biomarkers in FFPE samples is 
crucial for the development of more accurate diagnostic methods in 
cancer management. The end purpose of an IHC protocol should be 
to use IHC not as just a stain, but rather as a precise immunoassay 
that is strictly quantifiable at the single protein level. Preclinical 
nanoparticle methodologies for pathology, as described herein, are 
expected to have practical benefits for the determination of accurate 
diagnoses and optimal molecular targeting therapeutic approaches in 
patients with breast cancer.

Competing interests
We declare that there are no conflicts of interest that could be 

perceived as affecting the impartiality of the research reported.

Authors’ contributions
All authors participated in the work and made substantial 

contributions to conception, literature search, manuscript writing, 
data collection, and data interpretation. KG and MM drafted the 
article. NO, modified the manuscript. KG carried out the literature 
search. All authors participated in critical revisions, have granted 
approval of the final manuscript, and agree to be accountable for all 
aspects of the work.

Acknowledgement
Part of this work was supported by a Grant-in-Aid for 

Comprehensive Research and Development of an Early Stage 
Diagnosis Method and Instruments to Treat Cancer from New 
Energy and Industrial Technology Development Organization, 
Japan (H. Tada, K. Gonda, and N. Ohuchi). We also acknowledge 
the support of the Biomedical Research Core of Tohoku University 
Graduate School of Medicine.

References
1.	 Swain SM, Kim SB, Cortés J, Ro J, Semiglazov V, et al. (2013) Pertuzumab, 

trastuzumab, and docetaxel for HER2-positive metastatic breast cancer 
(CLEOPATRA study): overall survival results from a randomised, double-
blind, placebo-controlled, phase 3 study. Lancet Oncol 14: 461-471.

2.	 Verma S, Miles D, Gianni L, Krop IE, Welslau M, et al. (2012) Trastuzumab 
emtansine for HER2-positive advanced breast cancer. N Engl J Med 367: 
1783-1791.

3.	 Gianni L, Pienkowski T, Im YH, Roman L, Tseng LM, et al. (2012) Efficacy 
and safety of neoadjuvant pertuzumab and trastuzumab in women with locally 
advanced, inflammatory, or early HER2-positive breast cancer (NeoSphere): 
a randomised multicentre, open-label, phase 2 trial. Lancet Oncol 13: 25-32.

4.	 Geyer CE, Forster J, Lindquist D, Chan S, Romieu CG, et al. (2006) Lapatinib 
plus capecitabine for HER2-positive advanced breast cancer. N Engl J Med 
355: 2733-2743.

5.	 Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, et 
al. (2013) Personalizing the treatment of women with early breast cancer: 
highlights of the St Gallen International Expert Consensus on the Primary 
Therapy of Early Breast Cancer 2013. Ann Oncol 24: 2206-2223.

6.	 Dowsett M, Nielsen TO, A’Hern R, Bartlett J, Coombes RC, et al. (2011) 
Assessment of Ki67 in breast cancer: recommendations from the International 
Ki67 in Breast Cancer working group. J Natl Cancer Inst 103: 1656-1664.

7.	 Taylor CR, Levenson RM (2006) Quantification of immunohistochemistry-
-issues concerning methods, utility and semiquantitative assessment II. 
Histopathology 49: 411-424.

8.	 Walker RA (2006) Quantification of immunohistochemistry--issues concerning 
methods, utility and semiquantitative assessment I. Histopathology 49: 406-410.

9.	 Coons AH Creech JH, Jones RN, (1941) Immunological Properties of an 
Antibody Containing a Fluorescent Group. Proc Soc Exp Biol Med 47: 200-202. 

10.	Gross DS, Rothfeld JM (1985) Quantitative immunocytochemistry 
of hypothalamic and pituitary hormones: validation of an automated, 
computerized image analysis system. J Histochem Cytochem 33: 11-20.

11.	Jacobs TW, Gown AM, Yaziji H, Barnes MJ, Schnitt SJ (1999) Specificity 
of HercepTest in determining HER-2/neu status of breast cancers using the 
United States Food and Drug Administration-approved scoring system. J Clin 
Oncol 17: 1983-1987.

12.	Bacus S, Flowers JL, Press MF, Bacus JW, McCarty KS Jr (1988) The 
evaluation of estrogen receptor in primary breast carcinoma by computer-
assisted image analysis. Am J Clin Pathol 90: 233-239.

13.	Rizzardi AE, Johnson AT, Vogel RI, Pambuccian SE, Henriksen J, et al. (2012) 
Quantitative comparison of immunohistochemical staining measured by digital 
image analysis versus pathologist visual scoring. Diagn Pathol 7: 42.

14.	Turbin DA, Leung S, Cheang MC, Kennecke HA, Montgomery KD, et al. 
(2008) Automated quantitative analysis of estrogen receptor expression in 
breast carcinoma does not differ from expert pathologist scoring: a tissue 
microarray study of 3,484 cases. Breast Cancer Res Treat 110: 417-426.

15.	Huang W, Hennrick K, Drew S (2013) A colorful future of quantitative 
pathology: validation of Vectra technology using chromogenic multiplexed 
immunohistochemistry and prostate tissue microarrays. Hum Pathol 44: 29-
38.

16.	Shanle EK, Onitilo AA, Huang W, Kim K, Zang C, et al. (2015) Prognostic 
significance of full-length estrogen receptor beta expression in stage I-III triple 
negative breast cancer. Am J Transl Res 7: 1246-1259.

17.	Gonda K, Miyashita M, Watanabe M, Takahashi Y, Goda H, et al. (2012) 
Development of a quantitative diagnostic method of estrogen receptor 
expression levels by immunohistochemistry using organic fluorescent 
material-assembled nanoparticles. Biochem Biophys Res Commun 426: 
409-414.

Table 2: Comparison between Nano-patho and other methods for detection of biomarker protein

Parameters IHC CIFM QD-IHC Avi-TMR-IHC 
Quantification

Morphological observation

Multicolor observation

Technical procedure

Medium

Good

Poor

Eas

Good 

Good

Good 

Medium

Good

Good 

Good 

Difficult

Good 

Good (HE simultaneous stain) 

no data 

Easy

http://www.ncbi.nlm.nih.gov/pubmed/23602601
http://www.ncbi.nlm.nih.gov/pubmed/23602601
http://www.ncbi.nlm.nih.gov/pubmed/23602601
http://www.ncbi.nlm.nih.gov/pubmed/23602601
http://www.ncbi.nlm.nih.gov/pubmed/23020162
http://www.ncbi.nlm.nih.gov/pubmed/23020162
http://www.ncbi.nlm.nih.gov/pubmed/23020162
http://www.ncbi.nlm.nih.gov/pubmed/22153890
http://www.ncbi.nlm.nih.gov/pubmed/22153890
http://www.ncbi.nlm.nih.gov/pubmed/22153890
http://www.ncbi.nlm.nih.gov/pubmed/22153890
http://www.ncbi.nlm.nih.gov/pubmed/17192538
http://www.ncbi.nlm.nih.gov/pubmed/17192538
http://www.ncbi.nlm.nih.gov/pubmed/17192538
http://www.ncbi.nlm.nih.gov/pubmed/23917950
http://www.ncbi.nlm.nih.gov/pubmed/23917950
http://www.ncbi.nlm.nih.gov/pubmed/23917950
http://www.ncbi.nlm.nih.gov/pubmed/23917950
http://www.ncbi.nlm.nih.gov/pubmed/21960707
http://www.ncbi.nlm.nih.gov/pubmed/21960707
http://www.ncbi.nlm.nih.gov/pubmed/21960707
http://www.ncbi.nlm.nih.gov/pubmed/16978205
http://www.ncbi.nlm.nih.gov/pubmed/16978205
http://www.ncbi.nlm.nih.gov/pubmed/16978205
http://www.ncbi.nlm.nih.gov/pubmed/16978204
http://www.ncbi.nlm.nih.gov/pubmed/16978204
http://ebm.sagepub.com/content/47/2/200.abstract
http://ebm.sagepub.com/content/47/2/200.abstract
http://www.ncbi.nlm.nih.gov/pubmed/2578140
http://www.ncbi.nlm.nih.gov/pubmed/2578140
http://www.ncbi.nlm.nih.gov/pubmed/2578140
http://www.ncbi.nlm.nih.gov/pubmed/10561248
http://www.ncbi.nlm.nih.gov/pubmed/10561248
http://www.ncbi.nlm.nih.gov/pubmed/10561248
http://www.ncbi.nlm.nih.gov/pubmed/10561248
http://www.ncbi.nlm.nih.gov/pubmed/2458030
http://www.ncbi.nlm.nih.gov/pubmed/2458030
http://www.ncbi.nlm.nih.gov/pubmed/2458030
http://www.ncbi.nlm.nih.gov/pubmed/22515559
http://www.ncbi.nlm.nih.gov/pubmed/22515559
http://www.ncbi.nlm.nih.gov/pubmed/22515559
http://www.ncbi.nlm.nih.gov/pubmed/17912629
http://www.ncbi.nlm.nih.gov/pubmed/17912629
http://www.ncbi.nlm.nih.gov/pubmed/17912629
http://www.ncbi.nlm.nih.gov/pubmed/17912629
http://www.ncbi.nlm.nih.gov/pubmed/22944297
http://www.ncbi.nlm.nih.gov/pubmed/22944297
http://www.ncbi.nlm.nih.gov/pubmed/22944297
http://www.ncbi.nlm.nih.gov/pubmed/22944297
http://www.ncbi.nlm.nih.gov/pubmed/26328009
http://www.ncbi.nlm.nih.gov/pubmed/26328009
http://www.ncbi.nlm.nih.gov/pubmed/26328009
http://www.ncbi.nlm.nih.gov/pubmed/22959769
http://www.ncbi.nlm.nih.gov/pubmed/22959769
http://www.ncbi.nlm.nih.gov/pubmed/22959769
http://www.ncbi.nlm.nih.gov/pubmed/22959769
http://www.ncbi.nlm.nih.gov/pubmed/22959769


• Page 4 of 4 •ISSN: 2469-5807Tada et al. Int J Pathol Clin Res 2016, 2:022

18.	Sun JZ, Chen C, Jiang G, Tian WQ, Li Y, et al. (2014) Quantum dot-based 
immunofluorescent imaging of Ki67 and identification of prognostic value 
in HER2-positive (non-luminal) breast cancer. Int J Nanomedicine 9: 1339-
1346.

19.	Szeszel MK, Crisman CL, Crow L, McMullen S, Major JM,  et al. (2005) 
Quantifying estrogen and progesterone receptor expression in breast cancer 
by digital imaging. J Histochem Cytochem 53: 753-762.

20.	Camp RL, Chung GG, Rimm DL (2002) Automated subcellular localization 
and quantification of protein expression in tissue microarrays. Nat Med 8: 
1323-1327.

21.	Harigopal M, Barlow WE, Tedeschi G, Porter PL, Yeh IT, et al. (2010) 
Multiplexed assessment of the Southwest Oncology Group-directed 
Intergroup Breast Cancer Trial S9313 by AQUA shows that both high and low 
levels of HER2 are associated with poor outcome. Am J Pathol 176: 1639-
1647.

22.	Lin JR, Fallahi-Sichani M, Sorger PK (2015) Highly multiplexed imaging of 
single cells using a high-throughput cyclic immunofluorescence method. Nat 
Commun 6: 8390.

23.	Stack EC, Wang C, Roman KA, Hoyt CC (2014) Multiplexed 
immunohistochemistry, imaging, and quantitation: a review, with an 
assessment of Tyramide signal amplification, multispectral imaging and 
multiplex analysis. Methods 70: 46-58.

24.	Chen C, Xia HS, Gong YP, Peng J, Peng CW, et al. (2010) The quantitative 
detection of total HER2 load by quantum dots and the identification of a new 
subtype of breast cancer with different 5-year prognosis. Biomaterials 31: 
8818-8825.

25.	Azzazy HM, Mansour MM, Kazmierczak SC (2007) From diagnostics to 
therapy: prospects of quantum dots. Clin Biochem 40: 917-927.

26.	Yezhelyev MV, Al-Hajj A, Morris C, Marcus AI, Liu T, et al. (2007) In Situ 
Molecular Profiling of Breast Cancer Biomarkers with Multicolor Quantum 
Dots. Advanced Materials 19: 3146-3151. 

27.	Xiang QM, Wang LW, Yuan JP, Chen JM, Yang F, et al. (2015) Quantum 
dot-based multispectral fluorescent imaging to quantitatively study co-
expressions of Ki67 and HER2 in breast cancer. Exp Mol Pathol 99: 133-138.

28.	Gonda K, Miyashita M, Higuchi H, Tada H, et al. (2015) Predictive diagnosis of 
the risk of breast cancer recurrence after surgery by single-particle quantum 
dot imaging. Sci Rep 5: 14322.

29.	Kwon S, Cho CH, Lee ES, Park JK (2015) Automated measurement 
of multiple cancer biomarkers using quantum-dot-based microfluidic 
immunohistochemistry. Anal Chem 87: 4177-4183.

30.	Bae SW, Tan W, Hong JI (2012) Fluorescent dye-doped silica nanoparticles: 
new tools for bioapplications. Chem Commun (Camb) 48: 2270-2282.

http://www.ncbi.nlm.nih.gov/pubmed/24648732
http://www.ncbi.nlm.nih.gov/pubmed/24648732
http://www.ncbi.nlm.nih.gov/pubmed/24648732
http://www.ncbi.nlm.nih.gov/pubmed/24648732
http://jhc.sagepub.com/content/53/6/753.full
http://jhc.sagepub.com/content/53/6/753.full
http://jhc.sagepub.com/content/53/6/753.full
http://www.ncbi.nlm.nih.gov/pubmed/12389040
http://www.ncbi.nlm.nih.gov/pubmed/12389040
http://www.ncbi.nlm.nih.gov/pubmed/12389040
http://www.ncbi.nlm.nih.gov/pubmed/20150438
http://www.ncbi.nlm.nih.gov/pubmed/20150438
http://www.ncbi.nlm.nih.gov/pubmed/20150438
http://www.ncbi.nlm.nih.gov/pubmed/20150438
http://www.ncbi.nlm.nih.gov/pubmed/20150438
http://www.ncbi.nlm.nih.gov/pubmed/26399630
http://www.ncbi.nlm.nih.gov/pubmed/26399630
http://www.ncbi.nlm.nih.gov/pubmed/26399630
http://www.ncbi.nlm.nih.gov/pubmed/25242720
http://www.ncbi.nlm.nih.gov/pubmed/25242720
http://www.ncbi.nlm.nih.gov/pubmed/25242720
http://www.ncbi.nlm.nih.gov/pubmed/25242720
http://www.ncbi.nlm.nih.gov/pubmed/20723971
http://www.ncbi.nlm.nih.gov/pubmed/20723971
http://www.ncbi.nlm.nih.gov/pubmed/20723971
http://www.ncbi.nlm.nih.gov/pubmed/20723971
http://www.ncbi.nlm.nih.gov/pubmed/17689518
http://www.ncbi.nlm.nih.gov/pubmed/17689518
http://onlinelibrary.wiley.com/doi/10.1002/adma.200701983/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.200701983/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.200701983/abstract
http://www.ncbi.nlm.nih.gov/pubmed/26102249
http://www.ncbi.nlm.nih.gov/pubmed/26102249
http://www.ncbi.nlm.nih.gov/pubmed/26102249
http://www.ncbi.nlm.nih.gov/pubmed/26392299
http://www.ncbi.nlm.nih.gov/pubmed/26392299
http://www.ncbi.nlm.nih.gov/pubmed/26392299
http://www.ncbi.nlm.nih.gov/pubmed/25826006
http://www.ncbi.nlm.nih.gov/pubmed/25826006
http://www.ncbi.nlm.nih.gov/pubmed/25826006
http://www.ncbi.nlm.nih.gov/pubmed/22258619
http://www.ncbi.nlm.nih.gov/pubmed/22258619

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	IHC modality for multiplexed 

	Conclusion
	Competing interests 
	Authors’ contributions 
	Acknowledgement
	Table 1
	Table 2
	References

