
Viability and pluripotency studying of human 
embryo stem cells labeled with quantum dots

Abstract

Semiconductor quantum dots (QDs) hold increasing potential for cellular imaging both in vitro and in vivo. In this report, we aimed to study imaging 
of human embryonic stem (ES) cells labeled with quantum dots (QDs), and to evaluate the viability and pluripotency of human ES cells labeled 
with QDs. We used the Tat-QDs to label human ES cells, evaluated the cytoactivity of human ES cells labeled with QDs by CCK8 assay and Flow 
cytometer, and verified the pluripotency of human ES cells labeled with QDs by differentiated the human ES cells into hemangioblasts/blast cells and 
neural-like cells. The result illustrated that human embryonic stem (ES) cells were labeled with QDs and intracellular QD number was associated with 
the dose of QDs. Human ES cell viability, proliferation, and pluripotency were not adversely affected by QDs compared with non-labeled control 
cells. In summary, this is the first report showing the QDs labeled human ES cells could be differentiated into hemangioblasts/blast cells and neural-
like cells. These results provide a promising tool for imaging stem cell therapy noninvasively in vivo.
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1. Introduction

Stem cell therapy holds promise for treatment of 
intractable conditions such as Parkinson's disease, 
ischemic heart disease, diabetes, and degenerative joint 
diseases [1-4]. There are two types of cells used in stem 
cell therapy, adult stem cells and embryonic stem (ES) 
cells. Of the two, ES cells are the ultimate source for use 
in cell-based therapy because they possess a virtually 
unlimited capacity for self-renewal and pluripotency, 
which is defined as the ability to differentiate into all cell 
types, including neurons, cardiomyocytes, hepatocytes, 
islet cells, skeletal muscle cells, and endothelial cells 
[5]. In stem cell therapy, monitoring of cell survival and 
location after transplantation is important for determining 
their efficacy. With QDs' many advantages over 
traditional organic dyes, QDs may provide an excellent 
tool for imaging stem cell therapy.
   Quantum dots (QDs) are nano-scale fluorescent 
semiconductors that are increasingly used as label tools 
in biological research. QDs have recently been utilized as 

fluorescent tags for label experiments in vivo and in vitro. 
They can be tailored, through control of size, composition, 
and shape, to provide broad spectral coverage with 
symmetric narrow emission profiles. QDs could be used 
as multicolor imaging applications and the tracking of 
live cells [6-7]. Reports in the literature suggest that QDs 
are noncytotoxic [8-9], while recent data suggests QD 
cytotoxicity due to different physicochemical properties, 
dose and exposure concentrations [10-14]. Most QD 
applications have utilized non-mammalian or cancer cells 
with only a few studies examining deleterious effects of 
QDs in human ES cells.
  In this study, we used QDs to label human ES cells 
and illustrated QDs labeled human ES cells is useful 
for imaging stem cell therapy. We showed that labeling 
human ES cells with QDs does not adversely affect ES 
cell viability and proliferation. Finally, we successfully 
differentiated the QDs labeled human ES cells into 
hemangioblasts/blast cells and neural-like cells. 



2. Materials and methods

2.1 Synthesis of CdTe quantum dots

   5 mmol of CdCl2·2.5H2O was dissolved in 110 mL of 
water, and 12 mmol of TGA were added under stirring, 
followed by adjusting the pH to 11 by dropwise addition 
of 1 molL-1 NaOH solution. The mixed solution was 
placed in a three-necked flask deaerated by N2 bubbling 
for 30 min. Under stirring, 2.5 mmol of oxygen-free 
NaHTe solution was injected into the three-necked flask, 
which was freshly prepared from tellurium powder and 
NaBH4 (molar rate of 1:2) in water at 0°C.The resulting 
mixtures were refluxed at 100°C  for 4 h, the emitted 
wavelength is 580 nm. 

2.2 preparation of TAT-QDs complex

   Endosomolytic Tat peptides[15] were prepared using a 
conventional solidphase, chemical synthesis method (GL 
Biochem, Shanghai, China) and have purity over 98%. To 
prepare TAT-QDs complex, QDs were dispersed in 500 
μL borate buffer (BB), 500 μL EDC (44 mM in BB) and 
400 μL 2 mg mL−1 TAT(In BB) were added and vortexed, 
then allowed to react at room temperature for 3 h to obtain 
TAT-QDs. Oxidization of the endosomolytic Tat peptides 
was performed after mixing the TAT-QDs complex by air-
bubbling of pure oxygen gas flow for 30 s, followed by 
shaking for 30 min in an Eppendorf thermomixer [16].

2.3 Culture of human Embryo Stem cells

   The human Embryo Stem cell (hESC) line (H1) and 
Mouse Embryonic Fibroblast (MEF) cells (CF1) were 
pursued from Chinese Academy of Sciences (CAS). 
MEF cells were maintained in Dulbecco’s modified 
eagle medium (DMEM, GIBCO) containing 10% fetal 
bovine serum (FBS, GIBCO) and 1.0% penicillin and 
streptomycin (GIBCO). hESCs were maintained in hESC 
completed medium which made up with DMEM/F12 
(GIBCO) supplemented with knockout SR (GIBCO), 
bFGF (Invitrogen), NEAA (GIBCO), L-glutamine 
(GIBCO) and β-mercaptoethanol (GIBCO). hESCs were 
cultured on MEF feeder cells dish which were coated 
with Matrigel(BD) in advance according to the standard 
human embryonic stem cell culture protocol [17]. 

2.4 Labeling hESCs with Tat-QDs

We trypsinized the human ES cells labeled with Tat-QDs. 
Growth medium containing different concentration of Tat-
QDs(0, 0.01, 1, 5, 10, 20nmolL-1) were respectively added 
to 1 × 106 hESCs in suspension and incubated for 1 hr at 
37°C, 5% CO2 . hESCs were washed with PBS to remove 
any free Tat-QDs, resuspended in full growth media, 
plated and allowed to expand for 24 hrs. Fluorescence 
microscopy (NIKON TS100-F) observations of live 
cells were performed after 24 hrs. Labeled hESCs 
were analyzed by flow cytometry (FACSCalibur; BD 
Biosciences) using the FL2 channel to detect Tat-QDs 
labeled cells after 24 hrs. 

2.5 Effect of Tat-QDs on hESCs viability

Human ES cells were cultured in the 96-well plate at the 

concentration of 5000 cells per well and incubated in a 
humidified 5% CO2 balanced air incubator at 37°C for 24 
h. Except from control wells, the remaining wells were 
added into Tat-QDs medium which final concentration are 
0.01, 1, 5, 10, 20nmolL-1 respectively. Next from 1 day to 
3 day, we measured the ODs using the Thermo multiskan 
MK3 ELISA plate reader according to the protocol of 
CCK8 assay and calculated the survival rate of cell. The 
survival rate of cells can be calculated by the following 
equation:
   Cell viability (%) = optical density (OD) of the treated 
cells/OD of the non-treated cells×100
   To assess hESCs viability an Annexin-V-Fluos staining 
kit (Roche, Mannheim, Germany) and flow cytometry 
were used at 24, 72 and 120 hrs post Tat-QDs labeling 
(n= 3 cell isolations). The annexin assay identified 
hESCs undergoing apoptosis. Briefly, hESCs labeled 
with QDs were trypsinized, counted and washed with 
PBS. According to manufacturer's directions, Annexin-
V-Fluos labeling solution was added to 2 × 105 cells in 
the Control, experimental groups(0.01, 1, 20, 50 nmol 
L-1) and hESCs were analyzed on a flow cytometer with 
CellQuest software (BD Biosciences). 

2.6 Neural differentiation

   EB differentiation was performed by detaching human 
ES cells labeled with 5nmolL-1 Tat-QDs and culturing 
them in suspension on ultralow attachment plate for 8 
days with EB differentiation medium. EBs at day 10 
were treated with retinoic acid (Sigma, 0.1 μmolL-1) in 
DMEM/F12, N2 supplement (GIBCO), heparin (2 μg 
mL-1; Sigma) and cAMP (1μmolL-1, Sigma). One week 
later neuroepithelial rosettes were gently blown off 
and cultured on coverslips in the same medium in the 
presence of retinoic acid and sonic hedgehog (100ng 
mL-1; R&D system) for another week. Cells plated on 
coverslips were washed with phosphate-buffered saline 
(PBS) and fixed with 4% paraformaldehyde and 4% 
sucrose. Permeabilization and blocking in 0.1% Triton, 
5% fetal bovine serum (FBS) in Tris buffer for 40 min 
was followed by rabbit anti-nestin (1:200; Chemicon) 
antibodies (2 h) at room temperature and washed three 
times with blocking buffer, the secondary antibodies goat 
anti-rabbit Alexa-conjugated was applied to cells for 
40 min at room temperature. For negative controls, first 
antibodies were omitted and the same staining procedures 
were followed. 

2.7 Hemangioblasts/blast cells differentiation 

   Human ES cells were labeled with 5nmolL-1 Tat-
QDs and cultures in ultralow attachment plate with 
EB differentiation medium. EBs were cultured in 
differentiation medium for 48 hours, and then half of 
the medium replaced with EB differentiation medium 
containing BMP4 (50 ng mL-1), VEGF (50 ng mL-1) and 
bFGF (20 ng mL-1). After 24-hour incubation, the EBs 
were collected and dissociated into cell pellet, then were 
plated in blast growth medium (BGM), and then incubated 
for up to 6 days. Hemangioblasts/blast cells suspensions 
from differentiated hESCs were labeled with CD45-APC 
(R&D) and CD34-FITC (R&D) antibodies from 10 day 
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Figure 1 Characterization of QDs. (A) TEM image of QDs, (B) TEM image of Tat-QDs, (C) PL spectra of QDs and Tat-QDs, (D) The fluorescent 
image of QDs under UV irradiation. 

to 22 day. Day 6 hESC-blast cells were purified from 
blast cell cultures, the blast cells were resuspended in EB 
differentiation medium, mixed well with CFC medium. 
Cells in semi-solid CFU assay medium were plated into 
ultralow attachment plate for CFU colony growth. Cells 
were incubated in a CO2 incubator at 37°C up to 15 days. 
The formation of hematopoietic colonies was monitored 
microscopically.  

2.8 Statistical analysis

Data were presented as mean ± SD. For Statistical 
analysis, the 2-tailed Student t test was used. Differences 
were considered significant at P < 0.05.

3. Result 

3.1 Characterization of QDs

   As shown in Figure 1 (A), TEM exhibited that QDs 
are rather monodisperse, the average diameter of QDs 
was 3 nm. After coupling Tat peptides with the QDs, the 
particles tended to aggregate together as shown in Figure 
1 (B). The PL spectra of QDs and Tat-QDs were shown 
in Figure 1 (C), the emission peak remained symmetric 
and had the high fluorescent intensity, the emission 
wavelength of Tat-QDs have blue shift compare to QDs. 
Figure 1 (D) showed strong red fluorescence under UV 
radiation .

3.2 Intracellular Tat-QDs distribution in human ES 
     cells

   Flow cytometry and Fluorescent microscopy assessed 
intracellular Tat-QDs labeling at 24 hrs in Control (no 
Tat-QDs). Flow cytometry analysis was used to quantitate 
intracellular QDs aggregates, a dose-dependent effect 
with increased QDs labeled human ES cells measured 
24 hrs post Tat-QDs labeling, as shown in Figure 2, as 
more Tat-QDs were taken up by human ES cells, the 
fluorescence intensity increased, different concentration 
of Tat-QDs (0, 0.01, 1, 5, 10, 20 nmolL-1) labeled hESCs 
groups respectively express 0.51%, 13.9%, 22.2%, 74%, 
75.9% and 92.5% positive signals. Fluorescent images 
were used to detect intracellular QDs aggregates, Figure 3 
illustrated QDs location and distribution in live hESCs at 
24 hrs post labeling. For each group (0, 0.01, 1, 5, 10, 20 
nmolL-1) QDs were detected with fluorescent microscopy, 
and the fluorescent signals increased with the Tat-QDs 
concentration increased. 

3.3 Effect of Tat-QDs on human ES cells viability

Toxicity of Tat-QDs is a key factor in determining 
whether it will be a feasible probe for both cellular and 
clinical use. We carefully examined the effect of Tat-
QDs on human ES cells by CCK8 assay. Figure 4(A) 
shows the percentage of live cells in triplicates at 24, 48 
and 72 hours post Tat-QDs labeling. Overall, there was 
no significant difference between labeled and unlabeled 
ES cells. To determine whether Tat-QDs induced human 
ES cells apoptosis, human ES cells were labeled with 
Annexin V and flow cytometry analysis assessed human 
ES cells viability identifying apoptosis in the cell 
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population post Tat-QDs labeling. As shown in Figure 
4(B), above 90% of Tat-QDs labeled human ES cells 
were viable, seldom apoptosis signal occurred.

3.4 Inducing hESC differentiation into neural-like  
     cells 

   Human ES lines labeled with 5nmolL-1 Tat-QDs were 
cultured with serum replacement medium (Figure 5(A)). 
We also pursued neuron differentiation of EBs (Figure 
5(B)) from human ES cells labeled with 5nmolL-1 Tat-
QDs [18]. Neural rosettes (Figure 5(C)) containing neural 
stem cells were first generated after 10 days that stained 
positively for nestin (Figure 5(D, E)). After an additional 
2 weeks with added retinoic acid and sonic hedgehog, 
neural-like cells appeared as shown in Figure 5(F).

3.5 Inducing hESC differentiation into hemangioblasts    
   /blast cells

   EB cells were plated in blast-growth/expansion medium 
(BGM) for the development of blast cells [19]. EB cells 
developed blast colonies six days after plating (Figure 
6(A)), within these areas of differentiation were regions 
of cobblestone-type cells and other areas of small, round 
loosely adherent cells. Differentiation initiated almost 
exclusively from the middle of the colonies, reproducibly 
yielding colonies with a tripartite morphology consisting 
of a dark inner center, an intermediate layer, and a white 
outer layer. These tripartite colonies often grew to very 
large sizes but retained their morphologies (Figure 
6(B, C)). After replating in hematopoietic colony-
forming media for 10 to 14 days, erythroid (CFU-E) 
hematopoietic cell colonies developed (Figure 6(D)). 
These hemangioblasts/blast cells from hESCs expressed 
hemangioblast markers CD45 (Figure 6(E)), but majority 
of these hemangioblasts/blast cells did not express CD34 
as demonstrated by flow cytometry. 

Figure 2 Flow cytometry analysis the amount of human ES cells are labeled with different concentration of Tat-QDs. 

Figure 3 The microscopy image of human ES cells labeled with different concentration of Tat-QDs presenting red fluorescence inside of the cells
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Figure 4 Effect of Tat-QDs on human ES cells viability. (A) CCK8 assays illustrating cell survival rate upon exposing human ES cells to different 
concentration of Tat-QDs for 24, 48 and 72 hrs, (B) Flow cytometry analysis of the percent of apoptotic cells, annexin positive Tat-QDs labeled 
human ES cells. 

Figure 5 Neural-like cells differentiation. (A) Representative phase contrast images of human ES cells labeled with 5nmol L-1 Tat-QDs, (B) Phase 
contrast photographs of EB, (C)Phase contrast photographs of neural rosettes from hESC-derived EBs, (D) Immunofluorescence staining for the 
neural stem cell marker nestin, (E) DAPI is shown in blue for immunofluorescence, (F) Phase contrast photographs of neural-like cells.

Figure 6 Photographs of hematopoietic colonies and cells derived from H1/S17 cells. (A-C)The morphology of hematopoietic cells differentiates from 
H1/S17 cells for 10, 14 and 22 days, (D) The morphology of CFU- erythroid colonies, (E) Analysis of CD45 and CD34 expression by flow cytometry. 
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4. Discussion

   Stem cells offer an exciting new branch of therapy 
to treat a variety of conditions and diseases [20-21]. It 
is therefore important to develop methods to monitor 
cell survival and location after transplantation. Due 
to its many advantages over conventional organic 
dyes, QDs serve as good candidates to monitor cells. 
Strategies for in vitro cell labeling by QDs include non-
specific endocytosis, microinjection, liposome mediated 
uptake, electroporation, and peptidebased reagents. 
Previous studies have shown that the liposome-based 
reagent Lipofectamin 2000 had the highest delivery 
efficiency, but the QDs were delivered in aggregates [22]. 
Electroporation also delivered QDs in aggregates, and 
may even cause cell death. Peptide-based QDs deliver 
QDs into the live cells, and have been shown to be an 
excellent and easy tool for studying live cell mobility [23] 
and cell fusion [24].
   The Peptide-based QDs combined QDs with a 
custom targeting Tat peptide to improve QD solubility 
and intracellular delivery. With this delivery system 
QDs had the tendency to aggregate and intracellular 
QDs aggregates were more abundant at higher Tat-
QDs concentrations. This increase in intracellular QDs 
aggregate size and number may have contributed to the 
observed dose effects. It is possible that lower Tat-QDs 
concentrations and longer exposure times may yield 
smaller QDs aggregates and reduced cytotoxic effects 
with similar QDs labeling yield. The development 
of cell-penetrating QDs may require lower Tat-QDs 
labeling concentrations, while factors such as surface 
charge, QDs size and incubation media have been 
identified as important for uniform and complete 
labeling. In addition, reports suggest that QDs are 
sensitive to environmental factors such as pH, salts, 
oxidation and temperature [25-26]. These factors were 
not evaluated but should be considered when used with 
human ES cells for in vitro and in vivo applications.
   In this report, we evaluated the effect of Tat-QDs on 
human ES cells. Twenty-four hours after labeling human 
ES cells with Tat-QDs, 92.5% of the cells were positive. 
One important question is whether QDs affect human 
ES cell properties (pluripotency and self-renewal) that 
make them an attractive choice for regenerative therapy. 
Previous studies have shown that QD exposure did 
not interfere with metabolic activity or significantly 
affect DNA structure at lower QD concentration [27]. 
However, at the higher QD concentration, it will induce 
dose-dependent increase in cell apoptosis. Therefore, 
we examined human ES cell proliferation and viability 
at different Tat-QDs concentration (0, 0.1, 1, 5, 10, 
20nmolL-1) and observed no significant changes between 
Tat-QDs labeled ES cells and control unlabeled ES 
cells. These results showed QDs have no adverse effects 
on the viability and morphology of cells among these 
concentrations. These results suggest that when using 
QDs to label and track stem cells, QD concentration and 
exposure time should be optimized to reduce cytotoxic 
effects.
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