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The fluorescent dye, PKH26, which mainly binds to the cell membrane, has been used as the cell tracer to locate
the transplanted cells in host for a long time. However, there was no detailed report that whether the PKH26 dye
was specific to the transplanted cells. Therefore, the aim of this article is to explore the effect of cells debris as the
cracking cells from the PKH26-labeled adipose-derived stem cells (ADSCs) on the cells in vitro and the host
in vivo. After we tested the proliferation and toxicity of PKH26 to the ADSCs by the Cell Count-8 kit and alamar
blue assay, we constructed 2 models, coculturing lots of PKH26-labeled cell debris with the unlabeled ADSCs in
vitro and injecting via the tail vein in rat, to evaluate the specificity of the PKH26 dye. The result indicated that
the PKH26 didn’t inhibit the proliferation and had no toxicity to the ADSCs compared with the unlabeled
ADSCs, but the cell debris cracking from PKH26-labeled transplanted cells can cause the unlabeled cells to emit
red fluorescence in vitro and also lead the tissues displaying red fluorescence in vivo. We can conclude that the
PKH26 dye, used as a cell tracer for a long time, was not an ideal cell tracer.

Introduction

The study of cellular labeling in vitro and tracking
in vivo is very important to understand the diseases and

mechanism of therapy. PKH3, the initial product of fluorescent
lipophilic molecular, was reported first by Slezak and Horan
as early as 1989 [1]. Soon after, PKH2 [2], PKH26 [3], and
PKH67 [4] were used as cell tracers in various scientific fields
one by one as they shared the same characteristics as PKH3.

An ideal cell tracer should have the following necessary
features: (I) have sufficiently high signal to detect, (II) not be
eluted, (III) not be metabolized, and (IV) have specific to
labeled cells. Shao-Xin Zheng reported that, when the
PKH26-labeled cardiac stem cells and mesenchymal stem
cells were traced by the confocal laser scanning microscope,
the red fluorescence was found to display on muscle and
endothelium [5]. S.S. Seyed Jafari confirmed that PKH26-
treated neural stem cells migrated to the subjacent brain
parenchyma and expressed neuronal and astrocytic cell
markers [6]. Because so many researchers used the PKH26
dye to label cells [7–8], it cannot be ignored whether the
labeling cells transplanted into the host were specific to the
host cells, especially when only a few cells survived [9–10].

Here in this article (Fig. 1), after comparing the prolifera-
tion and toxicity of PKH26 to the adipose-derived stem cells

(ADSCs) between the labeled and unlabeled cells by the Cell
Count-8 kit (CCK-8), as well as alamar blue assay, we con-
structed 2 models to evaluate the specificity of the PKH26
dye, one was to coculture lots of PKH26-labeled cell debris
(dead cells, which were used to simulate the transfer process
with the treatment of hypotonicity and trypsin) with the
unlabeled ADSCs in vitro; the other was to inject the rat with
PKH26-labeled cell debris via the tail vein.

Materials and Methods

ADSCs culture and label with PKH26

All animal protocols used have been approved by the Ani-
mal Care and Use Committee of the Southern Medical Uni-
versity and all the procedures were carried out in accordance
with institutional guidelines. The adipose tissue was obtained
from the subcutaneous tissue of a neonate Wistar inbred rat (5-
day-old). It was digested with collagenase I (Sigma Aldrich) at
37�C for 30 min and neutralized by the addition of a complete
cell culture medium (Gibco). Then, the mixture was filtered and
the filtrate was centrifuged. The cells were collected and cul-
tured in the complete cell culture medium. After 5 days, when
the cells reached their optimal confluency, they were passaged.
ADSCs at passage (p) 2 were labeled with the red fluorescent
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dye PKH26 (sigma Aldrich) according to the manufacturer’s
protocol. Briefly, the detached ADSCs were washed by a
serum-free medium and resuspended in 1 mL of dilution buffer
from the manufacturer’s labeling kit. The cells suspension was
mixed with an equal volume of the labeling solution containing
4 · 10- 6 M PKH26 in the dilution buffer and incubated for
5 min at room temperature (RT). After the reaction was ended
by adding 2 mL fetal bovine serum (FBS), cells were washed 3
times with the Dulbecco’s modified Eagle’s medium (DMEM)/
F12 and observed by fluorescent microscopy.

Analysis of proliferation with cck-8 kit

The relative toxicity of PKH26 to the ADSCs was assessed by
CCK-8 (Dojindo, Japan) as following according to the manu-
facturer’s protocol. The groups included the PKH26-labeled
group, the unlabeled group, and the blank control. First, the
ADSCs were seeded in 96-well plates at 1,000 cells in 100mL
DMEM/F12 and 10% FBS per well. 100mL DMEM/F12 and
10% FBS were added into the blank control per well, and then
10mL CCK-8 was added in each well and incubated at 37�C 95%
relative humidity, and 5% CO2 for 2 h per day for 5 days. Last,
the plates were measured at 450 nm on the spectrophotometer.

Toxicity test with alamar blue

Alamar blue [11] was used to evaluate the toxicity of PKH26
to ADSCs as following. After the ADSCs were seeded in 96-
well plates at 1,000 cells in 100mL DMEM/F12 and 10% FBS per
well, 10mL alamar blue was added in each well and incubated
at 37�C 95% relative humidity, and 5% CO2 for another 2 h for 5
days. The plates were measured at 570 (measurement) and 630
(reference) nm on the spectrophotometer.

Hypotonic lysis of labeled ADSCs and identification

The total number of PKH26-labeled and -unlabeled
ADSCs was 5 · 105, respectively. After being transferred in
two 15-mL tubes, the cells were placed in tubes by adding
sterile water to damage the cells into debris overnight in 4�C.

Then, the cell debris were collected by high-speed centri-
fuging (5000 g, 15 min), trypsined for 1 h at RT, and centri-
fuged at the same speed after being washed with the
phosphate buffer solution (PBS) for 3 times. Finally, the de-
bris was indentified under an inverted phase-contrast mi-
croscope and fluorescent microscopy.

Coculture the labeled cell debris
with unlabeled ADSCs

The cell debris from PKH26-labeled and -unlabeled
ADSCs (as control) were added into unlabeled ADSCs at p2
in DMEM/F12 and 10% FBS cultured for 7 days. The cells
were washed 5 times with PBS before they were observed
through fluorescent microscopy.

Transplantation of PKH26-labeled cell debris
via tail vein

The cell debris from 5 · 105 PKH26-labeled and -unlabeled
ADSCs were injected into Wistar rats (n = 3/group) via the
tail vein. After 7 days, the livers, kidneys, spleens, and brains
were collected and examined by frozen sections, and pe-
ripheral blood was tested by smear under fluorescent mi-
croscopy. During which, 4¢,6-diamidino-2-phenylindole was
used to stain the nuclei.

Statistical analysis

The statistical analysis was carried out with an indepen-
dent sample t test for the comparison of means between two
groups. A 95% confidence level and a corresponding P-value
< 0.05 were considered significant.

Result

Morphology of ADSCs

After the primary ADSCs were harvested, the adherent
monolayer cells at P2 grew better and displayed spine-like

FIG. 1. Experimental design
routes and steps.
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morphology, the cells were also flat and had branch-like
processes from the cell body under light microscopy (Fig.
2A,B).

PKH26 did not suppress cell proliferation

To investigate the effect of PKH26 on the proliferation
and toxicity of ADSCs, the unlabeled ADSCs were used as
control. As showed in Fig. 2C and D, the PKH26 could
not inhibit the proliferation and had no toxicity to the
ADSCs, because there was no significant difference be-
tween PKH26-labeled and -unlabeled groups by the CCK-8
kit (P1 = 0.961 > 0.05) and alamar blue assay (P2 = 0.265 > 0.05).

Hypotonic lysis of the PKH26-labeled
and -unlabeled ADSCs and identification

The PKH26-labeled ADSCs were in a circular form (Fig.
3A) after being labeled and seeded in the cell culture plate,
and displayed red fluorescence and the edge of the cells were
with smooth edge (Fig. 3B) under fluorescent microscopy.
The cells debris from PKH26-labeled and -unlabeled ADSCs
were broken in sterile water and trypsin. There were not any
complete cells under light microscopy (Fig. 3C) and the red
fluorescence was displayed irregular form under fluorescent
microscopy (Fig. 3D).

The cell debris from PKH26-labeled ADSCs caused
the unlabeled ADSCs to show red fluorescence

To explore the effect of the dead cells on the live cells in
vitro, the cells debris from PKH26-labeled and -unlabeled
ADSCs were cocultured with unlabeled ADSCs for 7 days.
The result indicated that unlabeled ADSCs showed red
fluorescence significantly (Fig. 3F). However, ADSCs co-
cultured with the debris from unlabeled cells did not
show red fluorescence at all (Fig. 3E). The cell debris from
PKH26-labeled ADSCs led the tissues to display red fluo-
rescence.

Cell debris from PKH26-labeled ADSCs were transplanted
via rat tail vein. After 7 days, the livers, spleens, kidneys,
brains, and blood smear were detected by immunofluorence
microscopy. (Fig. 4A), spleens (Fig. 4C), kidneys (Fig. 4E),
and blood (Fig. 4I), and the weak red fluorescence displayed
in brains (Fig. 4G). However, the tissues from the control
group did not find any red fluorescence beside the blue
nuclei staining (Fig. 4B, D, F, J).

Discussion

In our study, the results tested by the CCK-8 kit and ala-
mar blue assay showed that PKH26 neither inhibited cell
proliferation nor had the toxicity to the ADSCs compared
with unlabeled ADSCs, respectively, as Fig. 2C and D, and
the ADSCs labeled with the PKH26 dye showed a strong red
fluorescence signal under the fluorescent microscope, which
was demonstrated as Fig. 3B. As it is known to all, the hy-
potonic sterile water can burst the cells and the trypsin can
also damage the membrane at a certain time, so the cells
debris from PKH26-labeled ADSCs were obtained applying
the above principle. Although the PKH26 had so many ad-
vantages as a cell-tracer biomaterial, it was unexpected that
the cells debris from PKH26-labeled ADSCs could make the

FIG. 2. The adipose-derived stem cells (ADSCs) (A, B)
observed under light microscopy and the proliferative com-
parison by Cell Count-8 kit (CCK-8) KIT (C) and toxic
comparison by alamar blue (D) after the ADSCs were labeled
by PKH26 compared with unlabeled ADSCs. Bar = 100 mm.
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unlabeled ADSCs emit red fluorescence (Fig. 3F) after being
cocultured for 7 days in vitro, but also lead the livers, kid-
neys, spleens, brains, and peripheral blood to display red
fluorescence under the fluorescent microscope when the
PKH26-labeled cells debris was injected via the tail vein for 7
days (Fig. 4) in vivo.

Judging by the present use of PKH26, most of the re-
searchers knew that the PKH26 was lipophilic, stable, and
with a strong red fluorescent signal during tracing the
transplanted cells in liver diseases [12], myocardial infarct
model [13], and central nervous diseases [14], but the spec-
ificity of PKH26 to the transplanted cells was ignored. We
knew that not all the transplanted cells in vivo can survive
after administration because of the pathological microenvi-
ronment; therefore, the cells debris from PKH26-labeled
transplanted cells was able to transfer the dye to the host
cells and finally mistook the host cells (myocardial cells,
neurons, or astrocytes) markers as the differentiation of the
transplanted cells. Our results confirmed that the dead la-
beled cells debris could transfer their red fluorescence to the
liver, spleen, kidney, brain, and peripheral blood with cir-
culation by tail vein injection. The strong red fluorescence in
the liver and kidney probably indicate that the dye metab-

olized or swallowed in these organs. Because of the brain–
blood barrier, the red fluorescence was weaker in brain tissue
compared with other tissues, but it is enough to prove that
the PKH26 can transfer the red dye to the host cells. Fur-
thermore, during the experiment in vitro, the result that la-
beled cells debris could also deliver the dye to the unlabeled

FIG. 3. The processes of the ADSCs labeling (A, B), lysis by
hypotonicity and trypsin (C, D), and ADSCs debris cocultur-
ing with unlabeled (E)/labeled (F) ADSCs for 7 days under
light microscopy and fluorescent microscopy. Bar = 100mm.

FIG. 4. The observation of red fluorescence in livers (A),
spleens (C), kidneys (E), brains (G), and peripheral blood (I)
after transplantation of cell debris labeling PKH26 for 7 days.
The unlabeled cell debris was as a control, respectively (B, D,
F, H, J). Bar = 100 mm.
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cells after co-cultured for 7 days kept consistent with the
results in vivo.

So, in many transplanted studies using PKH26, for in-
stance, H. Zhang reported that a number of cells carried the
PKH26 membrane fluorescence in livers containing both
hepatocytes and mature bile ducts after transplantation of
embryonic small hepatocytes [15]. Gang Lu in 2009 also in-
dicated by observing of red fluorescence that transplanted
stem cells in myocardial infarct model survived on 7 days
after PKH26-labeled cells engraftment [16]. Similarly, in the
therapy study of central nervous system diseases, S.S. Seyed
Jafari reported that PKH26-labeled stem cells could also be
traced in brain and differentiated into cells expressing beta-
tubulin III and S100 [6]. All these results above could be further
confirmed according to our result and as early as in 2006,
Thomas M. Coyne also indicated that 5-Bromo-2-deoxyUridine
(BrdU) and bis benzamide (BBZ) could transfer donor label to
host neurons and glia [17]. Therefore, as same as, PKH26 was
localized to the host livers, spleens, kidneys, brains, and pe-
ripheral blood in the same way as BrdU and BBZ was. Use of
the PKH26 also may provide a misleading index of donor
survival and differentiation after transplantation.

Because of the inconsistency with respect to the mecha-
nism of stem cells in vivo transplantation and the non-
specificity for cell tracer, we should draw more attention
against the continuing use of PKH26 serials as cell tracer.
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