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Abstract
Tescalcin is a 25 KDa EF-hand Ca2+-binding protein that is differentially expressed in several
mammalian tissues. Previous studies demonstrated that expression of this protein is essential for
differentiation of hematopoietic precursor cell lines and primary stem cells into megakaryocytes.
Here we show that tescalcin is expressed in primary human granulocytes and is upregulated in human
promyelocytic leukemia HL-60 cells that have been induced to differentiate along the granulocytic
lineage. However, during induced macrophage-like differentiation of HL-60 cells the expression of
tescalcin is down-regulated. The decrease in expression is associated with a rapid drop in tescalcin
mRNA level, whereas upregulation occurs via a post-transcriptional mechanism. Tescalcin is
necessary for HL-60 differentiation into granulocytes as its knockdown by shRNA impairs the ability
of HL-60 cells to acquire the characteristic phenotypes such as phagocytic activity and generation
of reactive oxygen species measured by respiratory burst assay. Both up- and down-regulation of
tescalcin require activation of the MEK/ERK cascade. It appears that commitment of HL-60 cells
toward granulocytic versus macrophage-like lineage correlates with expression of tescalcin and
kinetics of ERK activation. In retinoic acid-induced granulocytic differentiation the activation of
ERK and upregulation of tescalcin occurs slowly (16-48 hours). In contrast, in PMA-induced
macrophage-like differentiation the activation of ERK is rapid (15-30 minutes) and tescalcin is down-
regulated. These studies indicate that tescalcin is one of the key gene products that is involved in
switching differentiation program in some cell types.

Introduction
HL-60 cell line is an established in vitro model to study cellular differentiation and signal
transduction. These cells were originally isolated from a patient with acute myeloblastic
leukemia with maturation, FAB-M2 [1,2]. HL-60 cells can be induced to terminally
differentiated granulocytes or monocytes/macrophages in response to a variety of inducers
[3-8].
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Previous studies demonstrated that differentiation of HL-60 cells requires sustained activation
of ERK-1 and/or ERK-2 - extracellular signal-regulated kinases that belong to the mitogen-
activated protein kinase (MAPK) family. ERK-1 and ERK-2 are activated by highly
homologous dual specificity kinases MEK-1 and MEK-2 [9]. Sustained activation of MEKs
and ERKs was observed during both cytokine- and chemically-induced myeloid differentiation
[10-16]. While it is established that MEK/ERK signaling is essential for myeloid differentiation
of hematopoietic cell lines and primary progenitor cells, the exact mechanisms whereby this
pathway affects myelopoiesis are incompletely understood. A number of studies suggest that
the MEK/ERK/MAPK pathway is central for linking various extracellular ligands to their
multiple cellular target proteins that activate myeloid transcription factors and other specific
mechanisms that promote differentiation [13,15,16]. For example, activated ERK1 and ERK2
phosphorylate a number of different substrates, including kinase p90RSK, Ets family
transcriptional factor Elk-1, AP-1, c-Myc, and STATs [17-21].

Tescalcin was discovered as an autosomal gene that is differentially expressed in embryonic
gonads [22]. This conserved gene encodes a 24-kDa protein with a single functional EF-hand
domain that can bind Ca2+ with micromolar affinity [23,24]. In vitro studies showed that
tescalcin can interact with cytoplasmic tail of Na+/H+ exchanger [25-28] and can inhibit the
phosphatase activity of Calcineurin A [23]. However, whether these observations might relate
to the in vivo functions of tescalcin is not known. Tescalcin is expressed predominantly in the
mouse heart, brain, stomach and testis, as well as in mouse and human primary hematopoietic
progenitor cells and cell lines [12,23]. During differentiation and maturation of
megakaryocytes the expression of tescalcin is dramatically increased upon sustained activation
of ERK-1/-2. Furthermore, tescalcin was shown to be a critical factor in megakaryocytic
differentiation that is necessary for coupling MEK/ERK cascade with expression of Ets family
transcription factors [12].

In this paper we examined the expression of tescalcin in HL-60 cells and found that it was
transcriptionally and post-transcriptionally regulated during induced differentiation of these
cells and that it was required for optimal granulocytic maturation.

Material and Methods
Materials

Rabbit polyclonal antibody against GAPDH (sc-25778) and mouse monoclonal antibody
against β-actin (MAB1501R) were obtained from Santa Cruz Biotechnology and Millipore,
respectively. All-trans retinoic acid, PMA, nitro blue tetrazolium (NBT), Wright-Giemsa stain
and α-naphtyl acetate esterase staining kit were purchased from Sigma-Aldrich. MEK-specific
inhibitors U0126 and PD98059, antibodies to p44/42 MAPK, and Phospho-p44/42 MAPK
(Thr202/Tyr204) were from Cell Signaling Technologies. The yellow-green fluorescent
(505/515) 1.0 μm carboxylate-modified FluoSpheres® beads were purchased from Invitrogen.
Protease inhibitor cocktail (Complete, EDTA-free; Roche) was supplemented in all cellular
lysates. Protein electrophoresis reagents and markers were from Bio-Rad. Cell culture plastic
and media were purchased from BD Falcon. Other chemicals were from Sigma-Aldrich.
Secondary anti-mouse and anti-rabbit antibodies were obtained from Jackson Immunologicals.
Lympholyte-poly™ granulocyte isolation media was obtained from Cedarlane Laboratories.
Red Blood Cell lysis buffer was purchased from Roche Diagnostics. Human Serum Albumin
was obtained from Sera Care Life Sciences.

Production of a mouse monoclonal antibody against tescalcin
Recombinant full-length tescalcin was expressed and purified from E. coli according to
established protocol [23]. Two BALB/c mice were injected intraperitoneally with 100 μg of
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tescalcin in a total volume of 200 μl of 1:1 emulsion with saline adjuvant. Injection was repeated
twice with 14 days interval. Three days before the day of fusion, mice were boosted via the
tail vein; spleens were removed and desegregated into a single cell suspension. Resulting
splenocytes were fused to a parental SP2/0 myeloma cells and plated in ClonaCell-HY
hybridoma selective medium (StemCell Technologies). Ten to fourteen days later,
approximately 1000 colonies were picked and placed into individual wells of a 96-well tissue
culture plates containing ClonaCell-HY growth medium. In the first round of screening, the
reactivity against tescalcin in hybridoma supernatants was analyzed by ELISA. Positive
hybridoma clones were further expanded and their ability to detect tescalcin was analyzed by
Western blot. Hybridoma clone 4D94 was selected for the antibody production.

Granulocyte Isolation
Human polymorphonuclear granulocytes were isolated from venous blood, taken by
venepuncture from healthy consenting volunteers, on Lympholyte-poly™ separation media as
described [29]. Briefly, blood was drawn and dispensed immediately into 15 ml sterile
polypropylene centrifuge tubes containing heparine and mixed gently. Five ml of blood were
then carefully layered over equal volume of separation media and centrifuged at 500 g and 22°
C for 35 min. The layer containing polymorphonuclear (PMN) cells was removed into the fresh
tube and diluted to 10 ml with HBSS without Ca2+/Mg2+ (Invitrogen). Cell suspension was
centrifuged at 350 g and 22°C for 10 min and the supernatant was discarded. Residual red
blood cells (RBCs) were lysed by gentle resuspension of a pellet in 2 ml of the RBC Lysis
buffer (Roche) and cells were centrifuged at 250 g for 5 min. Pelleted cells were washed once
in HBSS without Ca2+/Mg2+ and resuspended in HBSS with 2% human serum albumin for
further analysis. Granulocyte preparations were assessed for purity using a commercial Wright-
Giemsa staining kit (Sigma-Aldrich) and were found to contain >95% granulocytes.

Sample Preparation and Western Blot Analysis
Exponentially growing suspension HL-60 cells were collected by centrifugation (300g, 4°C,
10 min.) and the cell pellet was washed twice with ice cold PBS. To obtain total cell lysate the
pellet was gently resuspended in a lysis buffer (20 mM Tris-HCl pH7.5; 150 mM NaCl; 1 mM
Na2EDTA; 1 mM EGTA; 1% Triton X-100; 2.5 mM Na2P2O7; 1 mM beta-glycerophosphate;
1 mM Na3VO4; protease inhibitors) and incubated on ice for 30 minutes. Petri dishes with
adherent macrophage-like cells were rinsed twice with PBS on ice to remove residual media
and cells were gently scraped into lysis buffer. Further homogenization was performed by
ultrasonic cell disruptor (Misonix) and the lysate was centrifuged at 15,000g for 15 minutes,
4°C. Protein concentration was measured with Bio-Rad Bradford Protein Assay unless
otherwise stated. To prepare sample for gel loading, the total cell lysate was mixed with 5X
SDS sample buffer (10% SDS; 62.5 mM Tris-HCl pH6.8; 25% glycerol; 125 mM DTT).
Proteins were resolved on 12% PAGE and transferred onto nitrocellulose (Schleicher &
Schull). Membranes were blocked in 1% w/v BSA in TBST (20 mM Tris, 50 mM NaCl, and
0.1% Tween-20, pH 7.4), probed with primary antibodies for 1-2 h at room temperature or
overnight at 4°C, and then incubated with appropriate horseradish peroxidase-conjugated
secondary antibodies. Visualization of protein bands was performed by enhanced
chemiluminescence (SuperSignal Western Blotting Kit; Thermo Scientific) and exposure to
Kodak X-Omat film.

Cell Culture, Transfection, and Stable Cell Lines
HL-60 cells (CCL-240) and U-937 cells (CRL-1593.2) were supplied by American Type
Culture Collection (ATCC). HL-60 cultures were maintained at concentrations between
1×105 and 1×106 of viable cells/ml at 37°C under 5% CO2 in air and 95% humidity, in Iscove's
modified Dulbecco's medium (IMDM) supplemented with 20% heat-inactivated fetal bovine
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serum (FBS) and 1% Penicillin/Streptomycin as recommended by ATCC. U-937 cultures were
maintained in RPMI-1640 medium with 10% heat-inactivated FBS and 1% Penicillin/
Streptomycin. For transfection, the exponentially growing HL-60 cells were washed twice with
PBS and resuspended in serum-free IMDM media at a concentration of 2×107 cells/ml.
Electroporation was performed using 80 μg of plasmid DNA mixed with 0.8 ml of cell
suspension. Cells were subjected to a single electric pulse (960 μF, 250 V) in 0.4-cm gap
electroporation cuvettes using a Bio-Rad Gene Pulser electroporator, followed by dilution to
5×105 cells/ml in IMDM cell culture media. For making stable cell lines, transfected cells were
selected for neomycin resistance in the presence of 800 μg/ml Geneticine (Invitrogen) and then
analyzed for the expression of tescalcin by Western blotting. Stable cell lines were routinely
maintained in IMDM supplemented with 20% FBS and 500 μg/ml Geneticine.

Induction and assessment of differentiation
Exponentially growing HL-60 cells were seeded in fresh culture medium at 2×105 cells/ml
supplemented with inducer and cultured for 5-7 days at 37°C in a humidified atmosphere and
5% CO2. For morphological assessment of the cells, Cytospin slides were stained with Wright-
Giemsa and examined under a light microscope at 1000× magnification. Granulocytic
differentiation was monitored by NBT reduction that was assayed essentially as described
earlier [3]. In brief, cells were washed twice with PBS and then incubated for 25 min at 37°C
with 0.1% NBT in PBS containing 100 ng/ml PMA. The percentage of cells with intracellular
blue-black formazan deposits was then determined on Wright-Giemsa stained Cytospin slide
preparations. At least 400 cells were assessed for each experimental point. Monocyte/
macrophage differentiation was assayed using non-specific α-naphthyl acetate esterase staining
kit (Sigma-Aldrich) according to manufacturer's recommended protocol.

Phagocytosis assay
HL-60 cells were cultured with 10−6 M retinoic acid or 0.1% DMSO for 72 hours. Treated
cells were washed and incubated in fresh culture media containing 0.025% of the yellow-green
fluorescent (505/515) 1 μm carboxylate-modified microspheres for 30 min at 37°C. Control
cultures with no addition of microspheres were also included. The cell were then washed five
times in cold PBS to eliminate uningested particles and suspended in PBS for the analysis.
Fluorescence derived from microspheres ingested by the cells was immediately measured using
FACScan fluorescence-activated cell sorter and CELLQuest analytical software (Becton
Dickinson). Laser excitation at 488nm and emission of 530/30 nm band pass was used for
detection. Only live cells were gated using forward and side scatter patterns. Untreated cells
were used to establish the autofluorescence intensity background. Assays were performed in
triplicates.

RNA isolation and quantification of gene expression
Total RNA was extracted from cells using Trizol reagent (Invitrogen), purified over RNeasy
column with DNase digestion step (QIAGEN), and converted to cDNA using High-Capacity
Reverse Transcription kit (Applied Biosystems). Real-time quantitative PCR (qPCR) was
performed using 100 ng of cDNA, Taqman Fast Universal PCR Master Mix, and the following
Taqman Gene Expression Assays: Tescalcin (Hs00215487_m1), c-Myc (Hs00905030_m1),
CD38 (Hs00277045_m1), and 18S (4333760T). The reactions were run in triplicates on the
7900HT Fast Real-Time PCR System (Applied Biosystems) and normalized to the endogenous
control 18S rRNA.

Statistical analysis
Statistical analysis was performed using paired, two-tailed Student's t test and GraphPad
QuickCalcs software. Statistical significance was accepted at the p < 0.05 level.
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Results and Discussion
We showed earlier that tescalcin is essential for hematopoietic stem cell differentiation toward
megakaryocytic lineage [12]. Tescalcin is also expressed in human leukemia HL-60 cells
[23], an established model cell line that can be differentiated in vitro toward either granulocytes
or monocytes-macrophages [5,8]. We investigated if tescalcin is involved in these processes.

Tescalcin level changes during differentiation of HL-60 cells
To induce granulocytic differentiation, we cultured cells for 5 days in the presence of all-trans
retinoic acid (ATRA), dimethylformamide (DMF) or dimethyl sulfoxide (DMSO) [3,5].
Granulocytic differentiation was tested by reduction of nitro blue tetrazolim (NBT). In addition,
the change in expression of characteristic marker mRNAs was confirmed by qPCR. For the
induction of macrophage-like differentiation, HL-60 cells were cultured for 5 days in the
presence of 16 nM PMA [8] and then tested for non-specific esterase activity. Treatment with
PMA also resulted in strong adherence to plastic, which is characteristic for HL-60 cells
undergoing macrophage differentiation [8,30]. Western blot analysis of total cell lysates
revealed that treatment with ATRA, DMF, or DMSO caused the level of tescalcin to increase
5-10-fold (Fig. 1A). To test if tescalcin is expressed in mature granulocytes, we isolated human
polymorphonuclear granulocytes from peripheral blood. Western blot analysis revealed a
single 25 KDa band corresponding to tescalcin (Fig. 1B). The presence of tescalcin in primary
granulocytes is consistent with tescalcin upregulation during granulocytic differentiation. In
contrast, during the PMA-induced monocytic-macrophage differentiation of HL-60 cells the
expression of tescalcin dropped below the detection level (Fig. 2). In another cell line, U-937,
which is also known as an in vitro model for the monocyte/macrophage differentiation [31]
treatment with PMA resulted in a similar downregulation of tescalcin (Fig. 2). On the basis of
these results, we concluded that differentiation of HL-60 cells into different lineages is
associated with the opposing effects on tescalcin expression. Next, we investigated kinetics
and mechanisms of these phenomena.

Upregulation of tescalcin in HL-60 cells
Following a single application of ATRA, the increase in tescalcin protein level became apparent
within 24 hours and reached its maximum at approximately 72 hours (Fig. 3). The timing of
tescalcin upregulation coincided with activation of ERK/MAP kinases, as detected by
antibodies against phosphorylated forms of ERK1 and ERK2. We found that p42 (ERK2) was
the predominantly phosphorylated isoform, consistent with the previous reports of ERK2 being
the main species in HL-60 cells [16]. The onset of ERK activation began after 8-16 hours of
ATRA treatment and the activation persisted for up to 72 hours. Similar results have been
reported in other studies [13,16]. While ERK phosphorylation could no longer be detected after
72 hours, the level of tescalcin remained high for up to 120 hours (Fig.3). Treatment of cells
with other agents inducing granulocytic differentiation of HL-60 cells, such as DMSO and
DMF, resulted in a similar time-course for tescalcin upregulation as was obtained upon
treatment with ATRA (data not shown). These experiments indicated that ERK activation
precedes and is possibly required for tescalcin upregulation.

To test if activation of ERK was necessary for the upregulation of tescalcin, we stimulated
HL-60 cells with ATRA in the presence of either U0126 or PD98059 -noncompetitive
inhibitors of MEKs; these kinases are responsible for the activation of ERKs [32]. Both
inhibitors bind specifically to inactive form of MEK1 and/or MEK2 and prevent their activation
by phosphorylation [32-34]. In our experiments we used U0126 at 4 μM and PD98059 at 10
μM since these concentrations did not produce an apparent loss in cell viability and growth.
Cells were pre-incubated in the presence or absence of these inhibitors for 30 minutes and then
stimulated with 1μM ATRA. Three days later cells were collected and analyzed for tescalcin
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by immunoblotting. As shown in Fig. 4, both of these inhibitors prevented the increase in
tescalcin level. Thus, we can conclude that upregulation of tescalcin in HL-60 cells occurs
during ATRA-induced granulocytic differentiation and is mediated by activation of ERK.

Upregulation of tescalcin during granulopoiesis occurs at the post-transcriptional level
Our previous study showed that in the process of megakaryocytic differentiation the level of
tescalcin mRNA increased several fold [12]. Here, we used qPCR to test whether induction of
granulocytic differentiation in HL-60 cells also leads to the increase in tescalcin mRNA (Fig.
5). Previous studies demonstrated that ATRA-induced granulocytic differentiation of HL-60
cells is associated with the dramatic changes in expression of a number of genes, including
CD38 and c-Myc, hence we analyzed these marker mRNAs in our experiments. CD38 gene
encodes a glycoprotein that functions as a bifunctional ectoenzyme in the synthesis and
hydrolysis of cyclic ADP-ribose and therefore takes part in Ca2+ signaling and cell adhesion.
The upregulation of CD38 is mediated by retinoic acid receptor (RAR alpha) signaling and
plays a causal role in granulocytic differentiation of HL-60 cells [35-38]. The c-Myc proto-
oncogene controls key cellular functions including DNA replication, cell cycle progression,
differentiation, and growth [39-42]. During granulocytic differentiation of HL-60 cells the level
of c-Myc mRNA was shown to be significantly decreased [35,43,44]. Conversely,
overexpression of c-Myc is known to antagonize granulocytic differentiation in myeloid
progenitors [45]. Contrary to our expectations, the mRNA level of tescalcin did not increase
at all during 120 hours post stimulation (Fig. 5). At the same time the expression of CD38
mRNA increased over 50-fold, peaking at 16 hours. Accordingly, steady-state mRNA level of
c-Myc dropped 5-fold within the first hour following the ATRA treatment and then decreased
33-fold by the end of experiment. From these results, we conclude that in HL-60 cells
undergoing granulocytic differentiation the expression of tescalcin is controlled at the post-
transcriptional level.

Our previous study showed that the signal-induced increase in tescalcin expression in primary
hematopoietic precursor cells and erythroleukemia K562 cells was necessary for induced
megakaryocytic differentiation [12]. Therefore, we hypothesized that upregulation of tescalcin
during ATRA-induced granulocytic differentiation of HL-60 cells could play a role in this
process.

Knockdown of tescalcin inhibits granulocytic differentiation of HL-60 cells
To test the idea that tescalcin was essential for the ATRA-induced granulocytic differentiation
we characterized HL-60 cells where tescalcin was depleted using specific shRNA. Cells were
electroporated with shRNA expression plasmids [12] and selected for neomycin resistance.
After expanding the transfected cell population, we confirmed the knockdown by Western
blotting. The protein level of tescalcin dropped several fold in non-stimulated cells (Fig. 6A)
and, accordingly, our qPCR analysis showed a 10-fold decrease in tescalcin mRNA
accumulation (Fig. 6B). The treatment with ATRA resulted in only minor increase (Fig. 6A).

Next, we examined the ability of tescalcin-depleted HL-60 cells to differentiate into mature
granulocytes (Fig. 7). We used two independent functional assays. In one, the oxidative
metabolic burst of activated granulocytes and the superoxide anion-generating capacity of the
cells were measured by NBT reduction test. Reduced NBT precipitates where the redox
reaction has taken place and is visualized by light microscopy as dark blue granules of formazan
inside the cells. Another assay was phagocytosis of fluorescence-labeled microparticles. In
both these experiments, tescalcin-depleted HL-60 cells were compared to cells transfected with
scrambled shRNA construct, before and after treatment with ATRA. We found that tescalcin
knockdown severely impaired the ability of HL-60 cells to differentiate. The number of NBT-
positive cells induced by ATRA was reduced 2-fold, and the onset of granulocytic maturation
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was delayed by approximately 2 days (Fig. 7A). The number of active phagocytes was reduced
5-fold from 30% in scrambled shRNA-treated HL-60 cells to only 6% in tescalcin-depleted
HL-60 cells (Fig. 7B). These results demonstrate that ATRA-induced upregulation of tescalcin
is a necessary step in the process of granulocytic differentiation of HL-60 cells.

Downregulation of tescalcin during macrophage differentiation of HL-60 cells
We found that expression of tescalcin in HL-60 cells drops after treatment with PMA (Fig. 2).
This suggested that tescalcin level in macrophage differentiation is regulated by a signaling
cascade different from the pathway engaged in ATRA-induced granulocytic differentiation,
where tescalcin expression is elevated (Fig. 1A). However, it is known that both PMA and
ATRA activate MEK/ERK signaling [11,13,16,46]. Furthermore, we found that MEK-1/-2
inhibitor, U0126, blocks PMA-induced downregulation of tescalcin (Fig. 8). This result argues
against the possibility that an alternative, ERK-independent, pathway controls tescalcin level
in HL-60. How could activation of the same pathway have opposite effects on tescalcin? To
address this question we analyzed the kinetics of tescalcin expression and ERK activation in
PMA-treated HL-60 cells.

As we show in Fig. 9, the level of tescalcin began to decline approximately 8 hours after
addition of PMA, and by 72 hours tescalcin was essentially undetectable. This downregulation
coincided with the reduction of its mRNA which declined significantly within 1 hour and
almost disappeared within 24 hours (Fig. 10). These results indicate that the drop in tescalcin
level during PMA-induced macrophage differentiation occurs via a rapid decline in mRNA
which is different from the post-transcriptional mechanism involved in ATRA-induced
granulocytic differentiation.

The activation of ERK by PMA occurred very rapidly and reached its maximum within 15-30
minutes. In 4 hours after the application of PMA phosphorylation of ERK somewhat declined
but continued to demonstrate a sustained level of ERK activation for the duration of the
experiment (120 h). Our experiments show that although ATRA and PMA both activate ERK,
this cascade is activated by PMA much faster than by ATRA. One possible explanation is that
kinetics of ERK activation determines the mechanism that controls the switch between up- and
down-regulation of tescalcin by ATRA versus PMA. Previous studies showed that the major
substrates for phorbol esters in HL-60 cells are either PKCβ or PKCδ, both of which activate
Raf/MEK/ERK cascade [13,47-51]. Rapid PKC-mediated activation of Raf/MEK/ERK axis
of MAPK cascade by PMA causes a fast shut off of tescalcin gene transcription. The delayed
induction of ERK by ATRA may suggest that it is mediated indirectly and likely involves a
transcriptional step. The effects of ATRA are primarily mediated by retinoic acid nuclear
receptors, RARs and RXRs, ligand-activated transcription factors [52-54]. In development and
cell differentiation, these receptors bind to specific DNA target sequences and regulate gene
transcription. Other potential regulatory effects of retinoids may include inhibition of
AP-1activation, protein retinoylation, or histone acetylation [55-57]. One can speculate that
these slower events can lead to mobilization of autocrine regulatory loops and prime the cell
for a different response resulting in tescalcin accumulation that did not become apparent until
16 to 24 hours after addition of ATRA (Fig. 3). Our results indicate that the requirement for
the upregulation of tescalcin which follows the activation of ERKs further delays the onset of
granulocytic differentiation. Indeed, 48 hours is typically needed for ATRA to induce the onset
of differentiation and G0-specific growth arrest [16]. Another idea is that PMA and ATRA are
known to activate different isoforms of ERK. Indeed, it was reported that, contrary to ERK2
activation by retinoic acid, PMA causes rapid activation of both ERK1 and ERK2 [13].

In summary, the results presented in this paper further develop our previous findings that
highlight the role of tescalcin in megakaryopoiesis [12] by demonstrating that it is also essential
in granulocytic differentiation. As in megakaryopoiesis, the level of tescalcin in differentiating
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HL-60 is regulated by ERK. The new observations made by the current work are (1) the
expression of tescalcin can be regulated both at transcriptional and posttranscriptional level
and (2) cellular differentiation can be associated with both up- and down-regulation of
tescalcin. These findings underscore the role of tescalcin as one of the molecules that can switch
the same progenitor cell to differentiate into alternative directions.
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Figure 1. Expression of tescalcin during granulocytic differentiation of HL-60 cells and in primary
granulocytes
(A) HL-60 cells were cultured as described in Materials and Methods and treated for 5 days
either with 1mM ATRA, 1.25% DMSO, 80 mM DMF to induce granulocytic differentiation
or with 0.1% DMSO vehicle as a control (CTRL). Cells were harvested in a lysis buffer on ice
and approximately 15 μg of total proteins were analyzed by Western blot with antibody against
tescalcin. Nitrocellulose membranes were then stripped and re-probed with antibody against
GAPDH as a loading control. (B) Human polymorphonuclear granulocytes were isolated from
peripheral blood as described in Material and Methods. Total protein extract (15 μg) was
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resolved on 10-20% gradient polyacrylamide gel (Novex) and analyzed by Western blot with
antibody against tescalcin.

Levay and Slepak Page 13

Exp Cell Res. Author manuscript; available in PMC 2011 April 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Downregulation of tescalcin during monocyte/macrophage differentiation of HL-60 and
U-937 cells
To induce monocyte/macrophage-like differentiation, HL-60 or U-937 cells were treated for
5 days with 16 nM PMA or with 0.1% DMSO vehicle (CTRL). The level of tescalcin in total
cell lysates was analyzed by Western blot with antibody against tescalcin. Antibody against
GAPDH was used to show equal protein loading. Approximately 60 μg of total protein was
loaded.
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Figure 3. Time-course of tescalcin upregulation and activation of ERK during granulocytic
differentiation of HL-60 cells
Exponentially growing HL-60 cells were stimulated with 1μM ATRA to induce granulocytic
differentiation. Samples were collected at indicated times and analyzed by immunoblotting
with antibodies against tescalcin, total p42/44 (ERK1/2) and phosphorylated p42/44 (p-
ERK1/2). Antibody against β-actin was used to demonstrate equal protein loading.
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Figure 4. ATRA-induced tescalcin upregulation requires activation of ERK
MEK inhibitors U0126 (final concentration in the medium 4 μM) or PD98059 (10 μM) were
added to cultured HL-60 cells for 30 min prior to induction of granulocytic differentiation with
ATRA. Cells were harvested 72 h. later, lysed on ice and analyzed by immunoblotting with
antibodies against tescalcin, phosphorylated p42/44 (p-ERK1/2) and total p42/44 (ERK1/2).
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Figure 5. Tescalcin gene expression in HL-60 cells is not affected by ATRA
Exponentially growing cells were treated with 1μM ATRA to initiate granulocytic
differentiation. At the indicated time points cells were collected and total RNA was purified
using RNeasy kit (Qiagen). Total RNA was transcribed with High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems). The relative expression levels of mRNAs encoding
tescalcin, CD38, and c-Myc were analyzed by RQ-PCR and specific primers and probes
(Taqman, Applied Biosystems). Reactions were run in triplicates on 7900HT Fast Real Time
PCR system (Applied Biosystems) and normalized to the endogenous control 18S ribosomal
RNA. Data are expressed as fold change relative to the gene expression levels at time 0 (mean
±sd).
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Figure 6. shRNA-mediated knockdown of tescalcin in HL-60 cells
(A) HL-60 cells were electroporated with plasmids encoding scrambled (CTRL) and Tescalcin-
specific shRNA (shTESC), then selected for neomycin resistance. Expression of tescalcin in
non-induced and ATRA-induced cells was detected by Western blot and compared to the wild-
type HL-60. GAPDH is shown as loading control. (B) Total RNA was extracted from cells
expressing either scrambled or tescalcin-specific shRNA and analyzed by RQ-PCR using
specific primers and probes. Reactions were run in triplicates on 7900HT Fast Real Time PCR
system (Applied Biosystems) and normalized to the endogenous control 18S ribosomal RNA.
Data are expressed relative to wild-type HL-60 (mean±sd). Statistical analysis on results was
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performed using paired, two-tailed Student's t test and marked with a double asterisk if p <
0.01.
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Figure 7. Tescalcin knockdown inhibits ATRA-induced granulocytic differentiation and
maturation of HL-60 cells
Granulocytic differentiation was induced in HL-60 cells expressing scrambled or tescalcin-
specific shRNA. (A) To measure the generation of superoxide, cells were collected at indicated
times, washed with PBS, and incubated with 0.1% NBT as described in Material and Methods.
The percentage of cells containing intracellular blue-black formazan deposits was then
determined on Wright-Giemsa stained slide preparations. At least 400 cells were analyzed in
each time point. (B) HL-60 cells were cultured with 1 μM ATRA or 0.1% DMSO (CTRL) for
72 hours. To study phagocytic activity, the cells were washed and incubated in fresh culture
media with 0.025% of 1 μm fluorescent carboxylate-modified microspheres (Invitrogen). The
fluorescence uptake was analyzed by flow cytometry as described under Material and Methods,
with a minimum of 10,000 events acquired per sample. The number of cells ingested the
fluorescent microspheres is expressed as % of total cells gated. Assays were performed in
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triplicates. Bar graph represents results of three independent experiments (mean±sd). Statistical
analysis was performed using paired, two-tailed Student's t test.
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Figure 8. Downregulation of tescalcin by PMA requires activation of ERK
HL-60 cells were cultured for 1 hour in the absence or presence of 4 μM U0126 MEK inhibitor
prior to treatment with 16 nM PMA. Total protein extracts were prepared from cells harvested
72 hours later, analyzed by immunoblotting with tescalcin antibody, and compared to untreated
HL-60. Antibody against GAPDH was used to show equal protein loading.
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Figure 9. Kinetics of tescalcin downregulation and activation of ERK during PMA-induced
macrophage-like differentiation
Cultured HL-60 cells were treated with 16 nM PMA to stimulate macrophage-like
differentiation. Cells were harvested at the indicated times and total protein lysates were
subjected to PAGE. Resolved proteins were analyzed by immunoblotting with antibodies
against tescalcin, total p42/44 (ERK1/2) and phospho-p42/44 (p-ERK1/2).
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Figure 10. PMA-mediated downregulation of tescalcin gene expression
To initiate macrophage-like differentiation, HL-60 cells were treated with 16 nM PMA. Total
RNA was harvested from cells at the indicated time points, transcribed with High Capacity
cDNA Reverse Transcription Kit and analyzed by RQ-PCR using tescalcin-specific primers
and probes (Taqman, Applied Biosystems). Reactions were run in triplicates on 7900HT Fast
Real Time PCR system (Applied Biosystems) and normalized to 18S rRNA. Data are expressed
as fold change relative to the gene expression levels at time 0 (mean±sd).
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