FEMIEIE R 2014555 41 55 138 Chin J Clin Oncol 2014, Vol. 41, No. 1 www.cjco.cn 37

ZEME B, A A U, AT B, BT B 2 I A R
$2 , IR 24 Mg B2 BT T, 20 3Tt 20 08 75 A A S et B Jb 48 BORs
REOR I ARAS o 28 B R I 2% 23 23 01, b E U Db S 9OK g B R &l 2%
D123 2 , Biomaterials 2% 5 (1F=7.882) il £ 4 . 32 N IH (LB Mg A A BLER &
TRIT , U IR BRI M 2R B TR T RN T 4K DB R B AR 1 g TOU 43 52 14
I . FRFER A SRR A T S I H M LI H 5, R H E K E KRS
T2W, % 4% SCLiE ST 88 f , s i K 7 Bt ad 280, BHIF AR 2k 4= [ 75 i+
(2004 4F ) , [ ZBHE A —252.(2006 4F ) , 95 [ I R IR 24 25 IDEA #2(2008
4E)  WAb A B D S (2011 4F)

ETEFRc R ARpIMES 772
Wit *

OB BEEY KO0 BRXT F R

HE THMBAESTARE EAAZHEF R, RIS T R E, ZRF LR ME R S 5T R AR AR BT
B A FATAEXRE L, BT SATTIRAH A B L A B 69 0 F Ao A b R IB 5 Jam] s 7 RSB ALE oF R
AR AR WA F . AXLEERBRAEN B TR @ AR,

X FTE OMWE TR FéEmK

doi:10.3969/j.issn.1000-8179.20131857

Research progress on the molecular classification of tumors by

quantum dot-based nanotechnology

Min FANG', Chunwei PENG', Chuang CHEN?, Daiwen PANG?, Yan LI'

Correspondence to: Yan Li; E-mail: liyansd2@163.com

'Department of Oncology, Zhongnan Hospital of Wuhan University, Hubei Key Laboratory of Tumor Biological Behaviors and

Hubei Cancer Clinical Study Center, Wuhan 430071, China.

*Department of Breast and Thyroid Surgery, Renmin Hospital of Wuhan University, Wuhan 430060, China.

*College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China.

This work was supported by the National Natural Science Foundation of China (No. 81171396, 81230031/H18) and the National

Science and Technology Major Project (No. 2012ZX10002012-12).

Abstract Malignant tumors are highly heterogeneous in terms of molecular phenotypes such that personalized therapy will be-
come the standard for tumor therapy. Molecular classifications of cancer based on differences in biological behavior are important for
selecting treatment strategies and prognostication. The unique optical and chemical properties of quantum dots have been widely used
in biomedical applications such as tumor diagnosis, monitoring, pathogenesis, treatment, molecular pathology, and heterogeneity based
on biological markers. In this study, we discuss the application of quantum dot-based nanotechnology and the molecular classification
of cancer in personalized oncology.
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A. QD protocol for single (A1) and multiple (A2) biomarker detection in situ. B. HER2 staining through conventional IHC (B1), gene amplification

through FISH (B2), and in situ imaging of HER2 (B3) and estrogen receptor (B4) through QD-IHC. C. Breast cancer heterogeneity indicated by single

HER2 quantitative detection (C1) and double—color imaging in situ of HER2 and estrogen receptor (C2) , as well as cytokeratin and proliferating cell nu-

clear antigen (C3). D. QD-based molecular classification of breast cancer by quantitative HER2 and hormone receptor information could differentiate sub-

types with different 5—year disease—free survival to formulate more individualized therapy, including three subtypes based on total HER2 load (D1), three

subtypes by hormone receptors (D2), five subtypes of the combination of total HER2 load and hormone receptors (D3), and 5-year recurrence risk of

these five subtypes (D4)

HHER2: High HER2 load; HHR : High hormone receptor; LHER2: Low HER2 load; LHR: Low hormone receptor; NHR: Negative hormone receptor
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Figure 1~ QD-based immunohistochemistry (IHC) labeled the molecular pathology
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Table 1 Molecular classification of tumors using quantum dot - based

multiplexed imaging

Year  Cancer type Biomarkers References
2006  Lung cancer EGFR, pan-CK, E-cadherin [19]
2008  Prostate cancer AR,PSA [20]
2009  Breast cancer CD44,CD24,Ki67 [21]
2010 Hodgkin lymphoma CD15,CD30,CD45,Pax5 [22]
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Al,A2. Multiplexed imaging of MMP9 (Red), type IV collagen (Yellow), and infiltrating macrophages (Green). MMP9 is expressed mainly in the macrophage

infiltration area. ECMB remains continuous and intact. BI-D3. Multiplexed imaging of neovessels (Red), type IV collagen (Yellow), and infiltrating macrophages

(Green) to reveal features of cancer invasion. B1, B2. Macrophage infiltration and tumor angiogenesis are two prominent features in the stroma where type [V

collagen is degraded. Cancer cells come in contact with the type IV collagen around neovessels. C1, C2. Tumor angiogenesis occurs with ECMB degradation (Red

arrows ). However, when the ECMB is lost, angiogenesis ceases (Yellow arrows ). D1,D2. High density of macrophages and neovessels were observed at the

juncture of cancer cells and stroma where BM integrity was compromised. D3. Tumor angiogenesis may occur in tumor parenchyma near the infiltrating mac-

rophages. Neovessel 1 in the tumor parenchyma is 6.99 mm in diameter. Neovessel 2 at the juncture of cancer cells and stroma is 16.54 mm in diameter and

contains four erythrocytes. Scale bar:50 pm (A1, A2, D1),20 pm (B1, B2, C1, C2, D2, D3)
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Figure 2 Five histopathologic characteristics of tumor microenvironment during tumor invasion
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