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Abstract 
Gold nanorod molecular probes (GNrMPs) were designed and fabricated for multiplex 
identification of cell surface markers in HBECs. Cells were probed directly using dark 
field microscopy integrated with a spectral imager for simultaneous detection of up to 
three surface markers. The immunophenotype composition of these cell lines indicative of 
their metastasis potential was assessed using the GNrMPs. Due to the high multiplexing 
capacity of gold nanorods, the multiplexing capability of the GNrMP assay could 
possibly be expanded to 15 or greater. The technique has the potential to become an 
important tool for diagnosis and prognosis of breast and other cancers.  
 

Breast cancer has the highest incidence among women in the western world 
affecting up to 10% of women and therefore is among today’s most pressing health 
concerns.1 Despite improvements in diagnosis and treatment, the effect on mortality has 
been modest. Recent studies of breast cancer have identified a subpopulation 
(CD44+/CD24-) of breast cancer cells that demonstrated CSC properties.2 A direct 
relationship between progenitor states and invasive capacity of cancer cells (invasion 
being the first step in the metastasis cascade) was also established via flow cytometry 
analysis of various breast cancer cell lines for CD44 and CD24 phenotype and 
subsequent analysis of CD44+/CD24- (progenitors) and CD44-/CD24+ (non-progenitors) 
cells for invasion and metastasis using matrigel and xenograft models. It has been 
reported that five among 13 breast cancer cell lines (MDA-MB-231, MDA-MB-436, 
Hs578T, SUM1315, and HBL-100) contained a higher percentage (>30%) of 
CD44+/CD24- cells.3 Hence, identification of cells of CD44+/CD24- immunophenotype 
within a population of tumor cells may have great value in terms of predicting the 
invasiveness and metastasis potential of the tumor.  
  We report a procedure to fabricate gold nanorod molecular probes (GNrMP) and 
deploy these structures for multiplex detection(4-7) as Illustrated in Fig. 1. Scattering 
signals were collected using an optical microscope fitted with a darkfield accessory and a 
Prism and Reflector Imaging Spectral System (PARISS®)6.  

Fig 1. Multiplex detection schematic 
Multiplexing detection of cell surface markers 
(CD24, CD44, CXCR4; or CD24, CD44 and 
CD49f) that are of critical importance in metastasis 
of breast cancer is demonstrated by using their 
tunable surface plasmon resonance (SPR) 
characteristics, to monitor multiple (up to three) cell 
surface markers simultaneously for better identity-
profiling of the immunophenotype of the cancer 

cells. We also introduce the concept of using an internal reference biomarker that is 
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ubiquitously expressed in all cells for evaluating the relative expression levels of 
important cell surface markers. In addition, the non-photo-bleaching nature of GNrMPs 
has potential for practical protocol development to allow rapid interrogation of living 
cells for identity-profiling under physiological conditions. The proposed methodology 
was demonstrated to profile three human breast epithelial cell lines with different 
malignancy and metastasis status (MCF10A, MDA-MB-436 and MDA-MB-231); and the 
presence of subpopulations of cells with different immunophenotypes was determined in 
all cell lines. Dramatic differences in the immunophenotypic composition of the cell lines 
were observed across all cell lines that can be correlated to invasiveness and metastasis 
potential. 
   Nonmalignant human breast epithelial cell (HBEC) line MCF10A and two 
malignant HBEC cell lines (MDA-MB-436 and MDA-MB-231) were cultured on 18 mm 
diameter glass cover slips in a 6-well tissue culture plate. The cells on the cover slips 
were then rinsed with PBS buffer and sealed with a microscope glass slide with pre-
etched chambers containing 100 μl fresh medium to keep the cells moisturized and in 

their physiological state. Cells can live up to 1 hour under 
this condition. Backscattering SEM images of gold 
nanorods on MDA-MB-231 cells are shown in Fig 2. 
 
Fig. 2. Back-scattering SEM images of MBA MD231 cells 
confirming the attachment of GNrMPs (CD44 and CD49f) to 
cell surface marker targets on single cells; GNrMPs appear as 
individual probes as well as clusters bound to cell surfaces 

 
 

 
(a)                           (b)                                (c)                          (d)      

 
Fig. 6. Darkfield images and plasmon spectra of cells displaying different 
immunophenotypes depicted by the recognition of GNrMPs of three different aspect 
ratios (1.5, 2.8 and 4.5) by the respective cell surface markers 
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a. CD24-/CD44- (GNrMP 598:CXCR4; GNrMP690:CD24; GNrMP829:CD44) 
b. CD24+/CD44+; c. CD24+/CD44-; d. CD24-/CD44+ 
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   When GNrMPs were applied to the cell samples with intended biomarker targets, 
dramatically different characteristics were observed depicting the binding of probes to the 
cell surface marker targets. Fig. 6a-d shows the darkfield images of MCF10A cells of 
different immunophenotypes with the attached GNrMPs and their respective spectra 
measured by the PARISS spectral imager. 
 

In Fig. 6a, the contrast between cell nucleus and cytoplasm can still be observed 
by visual inspection, while stronger scattering of light from a few GNrMPs is also clearly 
seen. The observed spectrum experienced major changes, and the the bands 
corresponding to the three GNrMPs indicative of the markers could be identified within 
the spectrum. Another important observation is that all GNrMP signals showed a certain 
degree of red-shift in the longitudinal plasmon bands upon binding to cell surfaces. The 
scale of the red shift varies from 3~16 nm for different GNrMPs and different cell 
immunophenotypes. These shifts were caused by changes in the dielectric environments 
of the GNrMPs upon binding to cell surface markers, the scale of the shift can be 
potentially used to quantitatively evaluate the binding affinity of GNrMPs to their targets 
in a multiplex format 

 
These observations show that in MCF10A cells, four immunophenotypes of 

CD44+/CD24+, CD44-/CD24-, CD44-/CD24+ and CD44+/CD24- all are present, by 
counting the numbers of each immunophenotype in a cell population, the 
immunophenotype composition of MCF10A cells as determined is listed in Table 1. In 
MCF10A cells, the most dominant immunophenotype CD44-/CD24- constitutes 62.7% 
of the cell population; the highly invasive immunophenotype CD44+/CD24- constitutes 
~14.3% of the cell population, suggesting that MCF10A cell line may not be a highly 
invasive cell line, consistent with the reported matrigel and nude mice study.3 

 

Table 1  Immunophenotype composition of cell population of three HBE cell lines 
CD24+/CD44+ CD24-/CD44- CD24-/CD44+ CD24+/CD44-  
GNrMP Cytometry GNrMP cytometry GNrMP cytometry GNrMP cytometry

MCF10A 6.6% 5% 62.7% 58% 14.3% 17% 16.97% 20% 
MDA MB
436 

19.8% 22% 8.1% 7% 72.1% 71% 0% 0% 

MDA MB
231 

3.5% 2% 12.1% 13% 84.4% 85% 0% 0% 

 
When MDA-MB-436 and MDA-MB-231 cells were investigated, a different 

pattern was observed. As listed in Table 1, in these two cell lines, CD44+/CD24- cells are 
the most dominant constituting 84.4% and 72.1% of the cell population, respectively 
while the CD44-/CD24+ was not observed at all. These observations strongly suggest 
that both MDA-MB-436 and MDA-MB-231 cells are highly invasive with high 
metastatic potential consistent with the previous reports. 

 

 The immunophenotype composition of the cell population acquired by the 
GNrMP assay as validated by flow cytometry analysis is presented in Table 1. The 
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GNrMP results are in good agreement with flow cytometry results, suggesting that the 
GNrMP assay developed, is an excellent method for cell identity-profiling.  
 
  The GNrMP scheme can potentially become a powerful tool for single cell 
identity profiling to examine the evolution or distribution of surface markers as well as 
for the classification of cells that can eventually lead to better and more accurate 
diagnosis and prognosis of breast as well as other cancers.  
 
Acknowledgements: 
Partial funding from the Oncological Science Center and IUPUI Walter center grant is 
acknowledged. This work is also supported partially by Susan G. Komen Foundation 
grant BCTR0601111 (to HN).  
 
References 

1. Greenlee, R. T.; Murray, T.; Bolden, S.; Wingo, P. A. CA Cancer J. Cli.. 2000, 
50:7-33. 

2. Al-Hajj, M.; Wicha, M. S.; Benito-Hernandez, A.; Morrison, S. J.; Clarke, M. F. 
PNAS. 2003, 100, 3983-8. 

3. Sheridan, C.; Kishimoto, H.; Fuchs, R.; Mehrotra, S.; Bhat-Nakshatri, P.; Turner, 
C. H.; Goulet Jr., R.; Badve, S.; Nakshatri, H. Breast Cancer Res. 2006, 8, R59-
72. 

4. El-Sayed, I. H.; Huang, X.; El-Sayed, M. A. Nano Letters, 2005, 5, 829-834. 
5. Yu, C.; Irudayaraj, J. Anal. Chem., 2007, 79, 572-579. 
6. Yu, C.; Nakshatri, H., and Irudayaraj, J. Nano Letters, 2007, 7, 8, 2300-2306. 
7. Yu, C.; Irudayaraj, J. Biophysical J., 2007, 107, 110064. 


