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Abstract: Live cell imaging (LCI) is the approach of non-invasively analyzing dynamic processes in living cells using 
state-of-the-art microscopy and computer vision techniques. LCI provides exciting and novel insights into cell biology. 
The present review summarized LCI research in recent years and detailed the role of probes in LCI. We discussed the ba-
sic principle and development in LCI technology, including fluorecence resonance energy transfer, fluorescence lifetime 
imaging microscopy, atomic force microscopy, scanning ion conductance microscopy, confocal microscopy, two-photon 
excitation fluorescence microscopy and Cell-IQ® System . Then we listed several probes such as green fluorescent pro-
tein and quantum dots which are the most widely used probes. Proteins, organelles, nucleotides and other chemicals re-
lated to cell biology may all be potential targets. We also discussed the advantages and disadvantages of different probes. 
Although specific probes in LCI still need to be explored, the application of LCI may be attractive for better understand-
ing of cellular functions. 
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INTRODUCTION  

 One of the main challenges of modern biochemistry and 
cell biology is to observe molecular dynamics in the func-
tional context in live cells or in situ and track ongoing mo-
lecular events with maximal spatial and temporal resolution 
within subcellular compartments in order ro minimize the 
interference with tissue biology, a future development for in 
situ imaging [1]. Live cell imaging (LCI) is the approach of 
non-invasively analyzing dynamic processes in living cells 
using state-of-the-art microscopy and computer vision tech-
niques [2]. LCI research provides exciting and novel insights 
into cell biology. Observing a biological event as it unfolds 
in the living cell offers an unique insight into the nature of 
the phenomenon under study [3]. In LCI, the probes of mi-
croscopy are the key part. Up to now, various molecules and 
occuring processes in live cells can be detected by different 
kinds of probes. In this review, we summarized recent de-
velopment in LCI and discussed the role of probes in LCI. 

THE BASIC PRINCIPLE OF LCI  

 The underlying molecular interactions in a coordinated 
manner are orchestrated with an extensive degree of spatio-
temporal regulation. Despite the extensive and highly com-
plex networking involved, the fundamental physicochemical 
basis corresponds to a limited set of reactions: binding, con-
formational transition, covalent modification, and transporta-
tion. LCI can provide information about all of these molecu-
lar processes with high specificity and sensitivity via appro-
priate probes and instruments (See Fig. 1). 
 Fluorescence labeling permits the study of the complex 
and delicates relationships existing between structure and  
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function in biological systems [4, 5]. Optical microscopy has 
evolved to three dimensional and four-dimensional image 
formation and analysis tool and offered a means to probe 
various processes at submicron and nanometer levels [6, 7]. 
Here we mainly introduced the techniques and applications 
frequently used in human LCI. 

Fluorecence Resonance Energy Transfer (FRET) 

 Fluorescence resonance energy transfer (FRET), or more 
exactly Förster (the name of Theodor Förster, the discoverer 
of the phenomenon) [8] resonance energy transfer is applied 
extensively in research science and technology, generally but 
not exclusively as a “nanoruler” with a dynamic range of 0-
10nm. As a photophysical phenomenon, FRET is generally 
regarded as a competitor with other forms of radiative and 
non radiative decay from the first excited singlet state of a 
fluorophore [9]. This technique is globally used for studying 
protein interactions within live cells. However, its effective-
ness and sensitivity can be reduced by photobleaching, cross 
talk, autofluorescence, and unlabeled, endogenous proteins. 
In vivo imaging studies on the green fluorescent protein-
alkylguaninetransferase (GFP-AGT) (NitroBIPS) complex, 
employing optical lock-in detection of FRET, allowed high 
resolution of FRET efficiencies below 1%, equivalent to a 
few percent of donor-tagged proteins in complexes with ac-
ceptor-tagged proteins [10]. 

Fluorescence Lifetime Imaging Microscopy (FLIM) 

 FRET provides the motivation for a large fraction of 
fluorescence lifetime imaging microscopy (FLIM) experi-
ments. Fluorescence imaging of green fluorescent protein 
(GFP) may be utilized to locate proteins in live cells, then 
FLIM can probe the local microenvironment of proteins. 
FLIM to GFP-tagged proteins are applied at the cell surface 
and at an inhibitory natural killer (NK) cell immunological 
synapse for detecting small but significant differences in 
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fluorescence lifetimes, suggesting that FLIM could be 
broadly useful in imaging discrete membrane environment 
for a given protein [11]. 

Atomic Force Microscopy (AFM) 

 The atomic force microscope (AFM) is a powerful tool to 
investigate surface and submembranous structures of living 
cells under physiological conditions at high resolution. This 
property enabled us to study the interaction between live 
hepatic NK cells, also called pit cells, and colon carcinoma 
cells in vitro. AFM can be utilized to probe early cytotoxic 
effects of effector cell to target cell contact in nearby physio-
logical conditions. Other routine cytotoxicity tests were also 
used to detect the first cytotoxic effects after 1.5-3 h co-
incubation at the earliest [12]. 
 As AFM imaging of live specimens become more com-
monplace, at least two important questions are raised: 
whether live specimens remain viable during and after AFM 
and whether there is a transfer of membrane components 
from the cell to the AFM probe during probe-membrane in-
teraction. Although AFM imaging of live cells in culture 
didn’t affect long-term cell viability, there were substantial 
probe-membrane interactions that lead to transfer of mem-
brane components to the probe [13]. During LCI via AFM, 
the interactions between the AFM probe and the membrane 
lead to distorted cell images. An image correction method 
was developed based on the force-distance curve [14] and 
the modified Hertzian model [15]. Results have shown that 
the model could be used to recover up to 30% of the actual 
cell height depending on the loading force. The accuracy of 
the model was also investigated with respect to the loading 
force and mechanical property of the cell membrane [16]. 

Scanning Ion Conductance Microscopy 

 Scanning ion conductance microscopy (SICM) provides 
unique information about living cells, which help us to un-
derstand more cellular functions. It is a potentially powerful 
tool for research on living renal cells [17] and has been used 
to elucidate how a functional epithelial monolayer maintains 
its integrity [18]. Hopping mode SICM allowed noncontact 
imaging of the complex three-dimensional surfaces of live 
cells with resolution better than 20 nm. Thus, this technique 
could exam nanoscale phenomena on the surface of live cells 
under physiological conditions [19]. 

Confocal Microscopy 

 The application fluorescence to confocal and tow-photon 
excitation (2PE) optical microscopy has led to terrific ad-
vances in the study of biological systems from the three-
dimentional (3D) micro-spectroscopic level down to single 
molecule detection (SMD) schemes. The advent of the con-
focal fluorescence microscope substantially increased com-
prehension of the structure and functional organizational 
motifs of biological systems [20]. Shevchuk et al. [21] firstly 
introduced a high resolution surface scanning confocal mi-
croscopy technique that enables imaging of endocytic pits in 
apical membranes of live cells, which improved topographi-
cal resolution of the microscope together with simultaneous 
fluorescence confocal detection produces pairs of images of 
cell surfaces sufficient to identify single endocytic pits.  

Two-Photon Excitation (2PE) Fluorescence Microscopy 

 Two-photon fluorescence microscopy [22, 23] is proba-
bly the most relevant advancement in fluorescence optical 
microscopy since the introduction of confocal imaging [24, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (1). Overview of the general principle for live cell imaing. Probes are constructed to label specific targets, i.e proteins, receptors, nucleo-
tides etc. Upon stimulations of the cells with potential endogenous and exogenous chemicals, the increase or decrease signals, such as fluo-
rescence are observed by microscopes. 
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25]. Many commercially available fluorescent probes have 
been used in multiphoton-based imaging studies despite ex-
hibiting relatively low two-photon absorption cross-section 
values in the tunability range of ultrafast Ti:sapphire lasers 
commonly used in multiphoton microscopy imaging. Such 
properties make these fluorenyl derivatives compelling can-
didates for multiphoton bioimaging applications, and in par-
ticular, as probes or tags for direct covalent linkage onto 
biomolecules [26]. 

Cell-IQ
®

 System 

 Cell IQ system (Chip-Man Technologies Ltd., Tampere, 
Finland) is a fully integrated continuous LCI and analysis 
platform, ideal for cell lines, primary cells, co-cultures and 
mono-player tissue models [27] (see Fig. 2). Through the 
proprietary integrated informatics and optics identifies, Cell-
IQ visualized and recorded all changes in morphology and 
physiology down to the single cell during an incubation in 
real time [28]. Cell-IQ combined long term cell incubation 
conditions with phase contrast imaging and Machine Vision 
Technology [29] to automatically identify, analyze and quan-
tify cell morphological features, which allowed researchers 
to follow the entire culture through all growth phases [27]. 
This new automated system enabled rapid and reliable analy-
sis of undifferentiated growth dynamics of human embryonic 
stem cells [30]. 

PROBE SORTING  

 Probes are the core part of microscopy. Generally, probes 
are molecules which can interact with specific targets (pro-
teins, genes, etc.) and can be detected by certain instrument. 

The advent of genetically encoded markers, such as GFP 
(see Fig. 3a) and its variants, has truly revolutionized the 
biochemical methods required to selectively label molecules 
or cellular compartments and record their properties in living 
systems [31, 32]. A multitude of fluorescent indicators and 
sensors can now be inserted in the genome of various organ-
isms. Advanced chemical methods have also been developed 
to conjugate biomolecules (proteins, nucleic acids, sugars, 
etc.) to exogenous probes used as contrast agents [33]. 
 Advanced inorganic nano-materials added new elements 
to the toolbox with which biological systems can be investi-
gated [34]. Semiconductor nanocrystals, or quantum dots 
(QDs), are exciting new fluorescent probes in imaging at the 
single molecule to the whole animal level. They are com-
posed of different semiconductor materials, including the 
most frequently used one being made of a CdSe core capped 
by a ZnS shell (Fig. 3b) [35]. These nanocrystals are capped 
with surface ligands (bifunctional molecules, amphiphilic 
polymers, phospholipids, etc.) that render them hydrophilic 
and provide them with functional properties. These coatings 
alter their hydrodynamic radii and surface charge, which can 
drastically affect properties such as diffusion within the cell 
cytoplasm. The effects of surface ligands on the hydrody-
namic radius and on the nanoparticle mobility are complex 
and strongly dependent on a combination of the inorganic 
core size, nature and lateral extension of the hydrophilic sur-
face coating. These features are critical for the design of QD-
based biosensing assays as well as QD bioconjugate diffu-
sion in live cells [36]. Different probes are for different pur-
poses. We classified several commonly used probes in LCI 
studies in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2). A scheme drawing of the Cell-IQ® system. This system contains three components. The cell growth environment chamber, where 
microplates or culture flasks can be maintained under optimal growth conditions of gas, humidity and temperature within Cell-IQ for days or 
even months. The optics system comprises of a microscope, light source and camera for recording time lapse digital images. The Cell-IQ 
analyzer software utilizes machine vision to automatically identify and quantify cell types. 
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Fig. (3). The structures of green fluorescent protein (GFP) and quantum dot(QDs). (a). a scheme of a recombinant protein with a targeting 
molecule fused with GFP to trace the position of the targeting molecule. (b) QDs are inorganic fluorophores and consist of a cadium selenide 
(CdSe) core with several layers of a thick zinc sulfide (ZnS) shell to improve quantum yield and photostability. 
 
Table 1. The Classification of Probes Commonly Used in Live Cell Imaging 

Classification  Reference number 

Green fluorescent protein(GFP) [37-40, 44, 45, 94] 

Near-infrared fluorescence(NIRF)probe [49] 

Fluorescent protein 

Two-photon fluorescent probe [64, 76] 

Quantum dot (QDs) probes [42, 43] 

pH sensitive probe [51, 52, 95] 

Gold nanoparticles [83] 

Nanoparticles 

Magnetic nanocrystal [84] 

 

Proteins  

 Direct observation of molecular dynamics can provide 
important information about cellular events that cannot be 
obtained by other methods. Thus imaging of protein dynam-
ics in living cells becomes an important tool for cell biology 
to study molecular and cellular functions. 

Protease 

 Determination of the specific roles of proteases in cell 
migration and invasion requires high-resolution imaging of 
the sites of protease activity during live cell migration 
through extracellular matrices. A novel fluorescent biosensor 
was designed to detect localized extracellular sites of prote-
ase activity and to test requirements for matrix metalloprote-
ase (MMP) function as cells migrate and invade three-
dimensional collagen matrices. The new type of high-
resolution probe provided site-specific reporting of protease 
activity and insights into mechanisms by which cells migrate 
through extracellular matrices; it also helps to clarify dis-
crepancies between previous studies regarding the contribu-
tions of proteases to metastasis [37]. Protease activity is 
tightly regulated in both normal and disease conditions. 
However, it is often difficult to monitor the dynamic nature 
of this regulation in the context of a live cell or whole organ-
ism. A series of quenched activity-based probes which be-

come fluorescent upon activity-dependent covalent modifica-
tion of a protease target, were used to monitor real-time pro-
tease activity in live human cells with fluorescence micros-
copy techniques as well as standard biochemical methods 
[38]. 

Receptors and Ligands on Membrane 

 An emerging theme in cell biology is that cell surface 
receptors need to be considered as part of supramolecular 
complexes of proteins and lipids facilitating specific receptor 
conformations and distinct distributions, e.g., at the immu-
nological synapse. Thus, a new goal is to develop bioimag-
ing which not only locate proteins in live cells but can also 
probe their environment. Suhling et al. [39] showed that the 
fluorescence decay of GFP depended on the local refractive 
index by time-correlated single-photon counting. This novel 
approach paves the way for imaging the biophysical envi-
ronment of specific GFP-tagged proteins in live cells. A 
pulse labeling of AGT-ER(the human estrogen receptor al-
pha with human O6-alkylguanine-DNA alkyltransferase) 
fusion proteins with different fluorophores was presented as 
a novel tool for investigating the functional regulation of 
nuclear receptors in individual cells [40]. 
 A 99mTc-labeled stromal cell-derived factor-1 (SDF-1) 
alpha radiotracer could be used as a sensitive and specific 
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probe for CXCR4 expression in vivo and to quantify changes 
in CXCR4 expression under different physiologic and patho-
logic states [41]. QDs was used as a probe to detect mem-
brane molecules of interest and was applicable to various 
cultured cells [42]. Ligand nerve growth factor-bound quan-
tum dots (NGF-QDs) were powerful intracellular probes 
providing biologists with new capabilities and fresh insight 
for studying endocytic receptor signaling events in real time, 
and at the resolution of single or small numbers of receptors 
in live cells [43]. 

Intracellular Transport System 

 High-resolution imaging of cell-based fluororeporters is 
used to establish and to correlate quantifiable metrics of cell 
functional endpoints (e.g., cell growth, cell adhesion, cell 
attachment strength), as well as of intracellular cytoskeletal 
features (e.g., descriptors of actin organization) on a set of 
model biomaterial substrates synthesized by combinatorial 
variations. This quantitative approach of live fluororeporter 
cell imaging could be valuable for metrology of cell-material 
interactions [44]. Cytoplasmic dynein 1 is a multi-subunit 
motor protein responsible for microtubule minus end-
directed transport in axons. By constructed GFP-tagged in-
termediate chains, LCI and comparative immunocytochemi-
cal analyses showed that dynein was enriched in the actin 
rich region of growth cones [45]. Likewisely, a novel fluo-
rescence loss in photobleaching (FLIP)-based approach util-
ized a synaptophysin-enhanced green fluorescent protein 
(EGFP) probe that allowed the differential evaluation of the 
ante- and retrograde transport parameters. The application of 
an ECFP/VenusYFP fusion FRET couple improved the pre-
cision of axonal transport measurements since it combined 
FLIP and fluorescence localization after photobleaching 
(FLAP) techniques and eliminated the need for pre-
bleaching images [46]. 

Proteins in Programmed Cell Death 

 Programmed cell death, or apoptosis, is an essential event 
in animal development which is required for normal cellular 
homeostasis, and the deregulation of apoptotic process is 
implicated in various diseases. Using small molecules as 
molecular probes, mechanisms specifically regulating the 
death of mammalian cells can be investigated [47]. A 
"smart" activated peptide-based probe was developed and 
applied for detection of Ras-related farnesyl protein trans-
ferase (FPT). Upon farnesylation by FPT, the probe was 
brought close to a hydrophobic milieu and as a consequence 
emitted fluorescent light that could be detected by several 
media, such as fluorescence microscopy, a plate reader, and 
an optical imaging system [48]. 
 The second generation probe of a cell-penetrating near-
infrared fluorescence (NIRF) probe based on an activating 
strategy was used to detect apoptosis-associated caspase ac-
tivity in vivo. KcapQ, with a modified cell-penetrating pep-
tide sequence (KKKRKV), represented an improved effector 
caspase-activatable NIRF probe for enhanced noninvasive 
analysis of apoptosis in whole cells and live animals [49]. 
Osteoclasts degraded bone matrix by demineralization fol-
lowed by degradation of type I collagen through secretion of 
the cysteine protease, cathepsin K. By NIRF probe activated 
by cathepsin K, Kozloff et al. [50] demonstrated non-
invasive visualization of bone degrading enzymes in models 

of accelerated bone loss, which might provide a means for 
early diagnosis of upregulated resorption and rapid feedback 
on efficacy of treatment protocols prior to significant loss of 
bone in the patient.  

Organelles 

 It has been proven that pH played a pivotal role in many 
acidic cellular compartments and that the monitoring of pH 
fluctuations in acidic organelles was essential to investigate 
the cellular function of the compartments [51]. However, the 
classic fluorescent dyes (such as fluoresceins, rhodamines 
and coumarins) were not suitable for studying acidic organ- 
elles (such as lysosomes) because their fluorescence is sig- 
nificantly decreased under neutral or acidic conditions. The 
compound 2-(4-pyridyl)-5-((4-(2-dimethylaminoethyl-amino-
carbamoyl) methoxy) phenyl) oxazole (PDMPO) selectively 
labeled acidic organelles (such as lysosomes) of live cells 
and the two distinct emission peaks could be used to monitor 
the pH fluctuations of live cells in ratio measurements. The 
unique fluorescence properties of PDMPO might give re-
searchers a new tool with which to study acidic organelles of 
live cells [52]. 
 The combined utilization of three vital fluorescent probes 
(Hoechst 33342, LysoTracker DND-26, and MitoTracker 
CMTRos) permitted the dynamic imaging of four organelles 
during primate spermiogenesis: the nucleus, the mitochon-
dria, the acrosomal vesicle, and the Golgi apparatus [53]. A 
novel membrane potential sensitive probe (JC-1), with its 
advantage of its color alteration reversibly from green to red 
with increasing membrane potentials, could be exploited for 
imaging live mitochondria on the stage of a microscope [54] 
.The ratiometric fluorescent pH indicator 8-hydroxypyrene-
1,3,6-trisulfonic acid (HPTS) was the most advantageous 
available probe for the pH of endocytic organelles in live 
cells [51]. 
 The introduction of LV-pIN-KDEL was anticipated to 
greatly facilitate a real-time visualization of the structural 
plasticity and continuous nature of the neuronal endoplasmic 
reticulum (ER) in healthy and diseased brain tissue [55]. By 
ER probe erRFP plasmid and caspase-3 probe SCAT3 plas-
mid, Chen et al. [56] found that taxol induced a paraptosis-
like programmed cell death in human lung adenocarcinoma 
(ASTC-a-1) cells by cytoplasm vacuolization due to the 
swelling of both ER and mitochondria without activating the 
caspase enzymes. Latex beads are the preferred phagocytic 
substrate in biochemical studies of phagosome composition 
and maturation. Caution is needed in extrapolating results 
from latex bead phagosomes to phagosomes containing 
physiological substances, especially in early stages of the 
endocytic pathway [57]. 

Nucleotides (DNA and RNA) 

 Imaging products of gene expression in live cells will 
provide unique insights into the biology of cells. Molecular 
beacons made attractive probes for imaging mRNA in live 
cells as they can report the presence of an RNA target by 
turning on the fluorescence of a quenched fluorophore. There 
are two methods of linking molecular beacons to tRNA, 
showing how the joint molecules can be used for imaging an 
mRNA that is normally present in the cytoplasm in live cul-
tured cells [58]. Multicolor quenched autoligating probes 
may be of general use in the detection and identification of 
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sequences in solution, on microarrays, and in microorgan-
isms [59]. 
 As a novel deep red fluorescing bisalkylaminoanthraqui-
none, DRAQ5 has high affinity for DNA and a high capacity 
to enter living cells. The fluorescence excitation and emis-
sion characteristics of DRAQ5 in living and fixed cells per-
mitted the incorporation of the measurement of cellular DNA 
content into a variety of multiparameter cytometric analyses 
[60]. Nucleic acid-templated chemistry is a promising strat-
egy for imaging genetic sequences in living cells. Two new 
nucleophiles for use in templated nucleophilic displacements 
with DNA probes were synthesized. The probes were also 
tested for imaging ribosomal RNA sequences in live E. Coli 
[61]. 

Chemicals 

NO 

 Nitric oxide (NO) serves as a messenger for cellular sig-
naling. To visualize NO in living cells, a turn-on fluorescent 
probe combined with microscopy was synthesized. Both the 
sensitivity to nanomolar concentrations of NO and the spa-
tiotemporal information provided by this complex demon-
strate its value for numerous biological applications [62]. 
Radicals 

 Radical, especially oxygen free radical, is a major cause 
of liver injury during reperfusion. BODIPY-alpha-
Tocopherol adduct (B-TOH), a novel lipophilic fluorescent 
antioxidant indicator, is a sensitive and specific probe ena-
bling the molecular imaging of peroxyl radicals in the lipid 
membranes of live cells [63]. Two-photon confocal micros-
copy experiments in live macrophages showed that Peroxy 
Lucifer 1 (PL1), which is a newly synthezied fluorescent 
probe for imaging hydrogen peroxide produced in living 
cells by a ratiometric response, can ratiometrically visualize 
localized hydrogen peroxide bursts generated in living cells 
at immune response levels [64]. Luminescence analysis has 
been recently proposed to measure free radical generation by 
isolated cells or organs, but it allowed only global tissue lu-
minescence. The method using a special saticon videocamera 
with image intensifier described, allowing the visualization 
in real time of oxygen free radicals generation on the surface 
of isolated intact organs, represents a novel and potent tool 
for the study of oxidative stress [65]. 
Lipid 

 Lipids serve as precursors for hormones or other signal-
ing pathways like arachidonic acid derivates, and peptides 
are able to transfer signals over the membrane either by 
translocation or by binding to various receptors, which are 
often integral membrane proteins. The ability to study lipid 
signaling events has been greatly facilitated by the develop-
ment of fluorescent molecular imaging techniques. This ap-
proach enables investigators to ascertain the involvement of 
lipid intermediates in diverse signaling pathways [66]. A 
new probe, which is a cholesterol compound with fluores-
cent boron dipyrromethene difluoride linked to sterol car-
bon-24 (BODIPY-cholesterol), closely mimics the mem-
brane partitioning and trafficking of cholesterol and, because 
of its excellent fluorescent properties, enables the direct 
monitoring of sterol movement by time-lapse imaging using 
trace amounts of the probe [67].  

 Sphingolipid binding domain (SBD) is a small peptide 
consisting of the SBD of the amyloid precursor protein. It 
can be conjugated to a fluorophore of choice and exoge-
nously applied to cells, thus allowing for in vivo imaging. 
Fluorescently tagged SBD can be used to investigate the 
dynamic nature of glycosphingolipid-rich detergent-resistant 
microdomains that are cholesterol-dependent [68]. The novel 
probe, named Spy-LHP, reacted rapidly and quantitatively 
with lipid hydroperoxides to form the corresponding oxide, 
Spy-LHPOx, which emits extremely strong fluorescence 
(Phi approximately 1) in the visible range (lambda(em) = 
535 nm, 574 nm). These findings establish Spy-LHP as a 
promising new tool for investigating the physiology of lipid 
hydroperoxides [69]. 
 The dicyanomethylenedihydrofuran (DCDHF) class of 
single-molecule fluorophores contains an amine donor and a 
dicyanomethylenedihydrofuran acceptor linked by a conju-
gated unit (benzene, naphthalene, or styrene). The photo-
physical and diffusive behaviors of the DCDHF lipid ana-
logues in membranes were found to be competitive with the 
well-known lipid probe N-(6-tetramethyl rhodaminethio car-
bamoyl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoet hano-
lamine [70]. CdTe QDs prepared in water phase would 
probably become an attractive alternative probe in cellular 
imaging and bio-labeling [71]. Lipid-enclosed CdSe quan-
tum dots (LEQDs) can function as versatile contrast agents 
in epi-detection third harmonic generation microscopy for 
biological applications in vivo. Combined with a high pene-
tration 1230 nm laser, these novel features made LEQDs 
excellent third harmonic generation contrast agents for in 
vivo deep-tissue imaging in the future [72]. 
Ions 

 Intracellular zinc levels are homeostatically regulated. 
Although most is bound, a pool of labile Zn2+ is present in 
cells. The zinc probe FluoZin-3 is useful to monitor zinc 
fluxes during fluorescent imaging of the trout hepatic cell 
line D11. With help of this probe, Muylle et al. [73] ob-
served the implications for the interpretation of calculated 
intracellular Zn2+ concentrations. Besides, a newly synthe-
sized zinc-sensitive fluorescent probe, N-(6-methoxy-8-
quinolyl) -p-carboxybenzoylsulphonamide (TFLZn), was 
used to monitor intracellular zinc in live rat hippocampal 
slices. Evidence showed that zinc may play a role in a form 
of long-term potentiation exhibited by the mossy fibre path-
way [74]. Coppersensor-1 (CS1) is a small-molecule, mem-
brane-permeable fluorescent dye for imaging labile copper 
pools in biological samples, including live cells. This probe, 
comprising a boron dipyrromethene (BODIPY) chromo-
phore coupled to a thioether-rich receptor, has a picomolar 
affinity for Cu+ ion with high selectivity over competing 
cellular metal ions [75]. Addtionally, a novel, two-photon 
probe excited by 880 nm laser photons in response to Mg2+ 
ions, measured the Mg2+ ions concentration without interfer-
ence by Ca2+ ions in living cells. The probe was capable of 
imaging endogenous stores of free Mg2+ at a few hundred 
micrometers depth in live tissues via two-photon microscopy 
[76]. 

Epithelium Specific Probes 

 When delivered streptolysin O into living human epithe-
lial cancer cells and primary chicken fibroblasts, multiply 
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labeled tetravalent RNA imaging probes (MTRIPs) allowed 
the accurate imaging of native mRNAs and a non-engineered 
viral RNA, of RNA co-localization with known RNA-
binding proteins, and of RNA dynamics and interactions 
with stress granules [77]. To assess whether immunolabeled 
nanoparticle biomarkers are comparable to fluorescent 
marker imaging in measuring epidermal growth factor recep-
tor (EGFR) expression, EGFR was quantified using both 
imaging methods in cell lines. Immunolabeled nanoparticles 
quantified receptor expression with performance comparable 
to fluorescence markers and showed promise to better char-
acterize receptor expression via their refractive index sensi-
tivity [78]. According to a study by plasmonic nanoparticles 
to image EGFR in live cells, dark-field microspectroscopy 
and labeled plasmonic nanoparticles have the potential utility 
for LCI [79]. Nanoshell bioconjugates can effectively target 
and image human epidermal growth factor receptor 2 
(HER2), a clinically relevant biomarker, in live human breast 
carcinoma cells [80]. 

Cancer Cell Specific Probes 

 Molecular imaging of live cells provides a unique oppor-
tunity to study the growth of tumors. One research revealed 
that a cyclic peptide, LXY1 had the potential to be developed 
into an effective imaging and therapeutic targeting agent for 
human glioblastoma [81]. On the other hand, one major chal-
lenge in the evaluation of effectiveness of cancer therapy is 
the readout for tumor regression and favorable biological 
response to therapy. In vivo NIR imaging of focal cathepsin 
activity revealed inflammatory reactions etiologically linked 
with cancer progression and could be a suitable approach for 
monitoring response to therapy [82]. 
 Gold nanospheres significantly decreased cellular auto-
fluorescence of live cancer cells under physiological condi-
tions when excited at 280nm suggesting targeted gold 
nanoparticles optical probes could be contrast agents for 
fluorescence based diagnoses of cancer [83]. High perform-
ance in vivo magnetic resonance diagnosis of cancer was 
achievable by improved and multifunctional material proper-
ties of iron oxide nanocrystal probes [84]. On top of that, 2-
(4-pyridyl)-5-((4-(2-
dimethylaminoethylaminocar-
bamoyl)methoxy)phenyl)oxazole (PDMPO) is another excel-
lent probe for imaging newly deposited silica in living cells 
and has also a potential for a wide range of applications in 
various Si-related disciplines, including clinical research 
(e.g. lung fibrosis and cancer, bone development, artificial 
bone implantation), and chemistry and physics of materials 
research [85]. 

ADVANCE AND WEAKNESS 

 QDs are useful biological probes because of the in-
creased photostability and quantum efficiency they offer 
over organic fluorophores. In comparison with fluorescent 
proteins, QDs have unique optical and elctronic properties, 
such as size-tunable light emission [86], improved signal 
brightness [87-90], resistance against photobleaching [91], 
and simultaneous excitation of multiple fluorescence colors 
[90].However, toxicity concerns arise since the QD core is 
composed of cadmium and selenium, both known to be nox-
ious for humans and animals. Knight et al. demonstrated 
species and tissue differences in QD uptake and labeling, and 

underscore the need for long-term studies of QD toxicity and 
fate in cells [92].  

FUTURE PERSPECTIVES 

 LCI has great potential value by providing important 
information of cells in vivo. A long term goal in imaging is 
to monitor the behavior of individual molecules of interest 
within the living cells of an organism [93]. Various probes 
and microscopes have been developed in recent years. All 
these are likely to play a key role in reaching this goal. Re-
searchers still focused on searching adequate probes to lable 
specific biomolecules. With current interest and concerted 
efforts of scientists, it is likely that these approaches we dis-
cussed here may provide a means to diagnose disease at the 
earliest and most easily treatable stages, which is expected to 
improve clinical prognosis. 
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