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Development of a K562 cell-based assay for screening

anticancer agents!
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ABSTRACT

AIM. To develop a leukemia cell line K562-based assay
for high-throughput screening. METHODS: The
screening was carried out on 96-well plates with
monitoring cell proliferation by a combined 3-[4, 5-
dimethylthiazol-2-yl ]-5- [ 3-carboxymethoxyphenyl ]-2-| 4-
sulfophenyl ]-2 H-tetrazolium ( MTS )/phenazine metho-
sulfate (PMS) method. Conditions for evaluating effects
on the proliferation of K562 cells by individual
compounds on the 96-well plates were optimized.
RESULTS: A set of 800 small organic compounds was
screened for anticancer activity by this cell-based assay,
with consumption of each compound at 500 ng. Eleven
compounds were identified with >80 % inhibitory
activity at 5 mg/L, among which 9 compounds were
confimmed by subsequent testing at multiple concentra-
tions. The most potent compound showed an ICs, at 170
nmol/L, and there were total of 7 compounds showed
IC5, less than 10 pmol/L.. CONCLUSION: The high-
throughput method  using K562 cell line is fast,
economical, effective, and practical in identifying
inhibitors as potential therapeutic agents for cancer.

INTRODUCTION

Cancer is the major health concern, and cugrent
carcer therapies include chemotherapy, radiation therapy,
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and surgery. Although there are a few drugs showing
effectiveness in treating certain cancers, but their side
effects and toxicity call for new and more effective
anticancer agents.

Various cancer cell lines have been used for
screening compounds for anticancer activity. National
Institutes of Health (NIH) USA used panels of 60 cell
lines since early 1990°s™, and recently reduced to 3 cell
lines prescreen followed by 60 cell lines, five dose testing
if it meets certain activity criteria. Apparently, it is
costly to carry out such screening, and it becomes
prohibitive in large scale screening of samples from
combinatorial synthesis and natural product isolation.
There are needs to develop more efficient and cosi-
effective cell-based assay.

We have been developing assays suitable for high-
throughput screening (HTS) for identifying compounds
with anticancer activity using the various cancer cell lines
and molecular targets involved in cancer metastasis and
mgiogenesis[zj. Leukemia cell line K562 grows in
suspension and easy to monitor its growth on a microtiter
plate, and it is one of the cell lines that can be adapted
for HTS assays. We report here a simple and cost-
effective 96-well plate-based assay using K562 cells for
screening anticancer agents.

MATERIALS AND METHODS

Materials and instruments The cell line K562
derived from human chroric myelogenous leukemia was
purchased from American Type Culture Collections
( Manassas, VA, USA; ATCC number CCL-243).
Culture medium RPMI-1640 and newborn calf serum was
purchased from Hyclone (Logan, UT, USA). 3-[4,5-
Dimethylthiazol-2-yl ]-5-[ 3-carboxymethoxyphenyl ]-2-
[ 4-sulfophenyl ]-2 H-tetrazolium (MTS) was purchased
from Promega (Madison, WI, USA). Phenazine
methosulfate ( PMS) was the product of Sigma (St
Louis, MO, USA). Other reagents and solvents used in
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the experiments were of either analytic grade or reagent
grade as appropriate ,

Samples used in the cell-based assay were all small
organic compounds with purity higher than %0 %, either
purchased or collected from different sources with wide
structural diversity,

Biomek 2000 liquid handling workstation from
Beckman ( Fullerton, CA, USA) and eight-channel
pipette from Biohit ( Helsinki, Finland) were used for
liquid handling, and SPECTRAmax 340 9%-well plate
reader from Molecular Devices { Sunnyvale, CA, USA)
was used for colorimetric end point readings. The 96-
well plates used for cell culture were the products of
Coming Costar (Stony Brook, NY, USA).

Culture conditions for K562 cells K562 cells
were cultured in 25-cm” flasks as suspension in the RPMI-
1640 medium. After centrifugation at 150 x g for 10
min, the collected cells were separated into single-cell
suspensions by a gentle pipetting action, and then counted
using  trypan-blue exclusion on a hemacytometer.
Viability of the cells greater than 98 % as determined by
trypan-blue exclusion was checked routinely, and the
cells were diluted to give a density of 2.5 x 10°/L in
RPMI-1640 containing 5 % newbom calf serum. The
cells in the presence or absence of inhibitors were
incubated at 37 C in a humidified 5 % CO, atmosphere.

Assay for K562 proliferation A method using
MTS™+* was adapted for monitoring the cell proliferation
on 96-well plates. [n principle, dehydrogenase found in
metabolically active cells converses MTS into the aqueons
soluble formazan, which is determined by absorbance
difference between 490 nm and 690 nm. A combined
MTS/PMS solution (MTS 2 g/L and PMS 46 mg/L in
Dulbecco’s phosphate buffered saline, 25 ul.) was added
manually to each well with viable cells. The plates were
incubated for 4 h at 37 C in the humidified 5 % CO,
atmosphere, and the absorbance difference was
determined using the SPECTRAmax 340 plate reader.
The absorbance differences were converted to numbers of
viable cells according to a standard curve generated with
counred cells (Fig 1)

Sample preparation Individual compounds (1
mg each) were dissolved in 200 uL of Me,SO as 5 g/L
solutions. The solution was diluted 10 folds by adding
10 gL of the solution to 90 pL. of Me,SO in the sample
wells ( A2-H11) of 9%-well polypropylene plates as
mother plates (Fig 2), and the concentration was 500
mg/L. for each compounds. Each mother plate was
duplicated to polystyreneplates as daughter plates for

screening by transferring 1 L of the solution using the
Biomek 2000 workstation.  The final concentration of the
compounds was 5 mg/L after adding 100 uL cells in
culture medium.
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Fig 1. Correlation between the number of viable K562

cells and the absorbance difference between 490 nm
and 6% mm. n#=3. x=ts.
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Fig 2. Layout of samples {open circles), blanks
(shaded circels), and controls (filled circles) on the 96-
well plate. Rows A to H and columns 1 to 12 are
shown.

K562 cell-based high-throughput screening
(HTS) assay On the daughter plates with the same
layout as the mother plates (Fig 2), Me,SO solvent (1
12L) were distributed in eight blank wells (A1-D?, E12-
HI2), and controls were in other eight wells (E1-H1,
Al2-D12) using known active compound etoposide in
Me,SO (1 pL; 10 mmol/L, 1 mmol/L, 100 umol/L,
and 10 pmol/L}.

The K562 cells (100 pL, 2.5 x 10°/L in RPMI-
1640 with newbom calf serum)} were distributed to each
well on the 96-well plates with an 8-channel pipette, and
were incubated at 37 C in the humidified 5 % CO,
atmosphere for 48 h.  The MTS/PMS solution (25 pL.)
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was added with eight-channel pipette to each well, and
the UV absorbance difference between 490 nm and 690
nm was determined after 4 h incubation.

A background value, which was averaged from wells
without cells on a separated plate, was subtracted from
the values of wells with cells.  The averaged value from
the 8 blanks was used as 100 % cell growth. The value
from control wells or compound wells was divided by the
average, giving percent cell growth in the presence of the
active compound etoposide or the screening compounds
(Fig 3).

RESULTS

Defining the conditions for the cell-based
assay Since Me;SO solvent was uvsed in dissolving
compounds for the cell-based assay, we first investigated
the effects of Me,SO on the growth of K562 cells. The
cells { inoculation density at 2.5 x 107/L) were incubated
with different amounts of Me,SO for 48 h, and the
growth of cells in each well were determined by the MTS
method. As increase of Me,SO concentration, the
growth of K562 cells slowed down accordingly. The
K562 cells showed 86 % + 8 % growth at 0.5 %
Me,SO. 82 % £2 % growth at 1 % Me;SO, 77 % %
3 % growth at 2 % Me, SO, and 55 % +3 % growth at
1 % Me,SO, comparing with no Me,SO as 100 %
growth. The data suggested that presence of 1 %
Me,S0 in the cell-based assay did not markedly affect the
cell growth.

The MTS method used under our assay condition
showed good correlation between absorbance reading at
490 nm and the actual cell numbers, and we saw a linear
relationship up to the cell density at 2 x 108/L (Fig 1).
For an accurate reading after 48 h incubation, we hope
that the cell density will reach a level still within the

linear range of the MTS assay. We inoculated cells on
the 96-well plates at several cell densities and measured
the absorbance readings after 1 - 4 d incubation. We
found that the inoculation celt density at 2.5 x 107/L
gave responsive and reproducible growth curve (Fig 4),
which was used in our cell-based assay.
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Fig4. Cell growth curves after incubation of 1 to 4 d as
determined by absorbance differences between 490 mm
and 690 mm. Cell densities were 6.25x 10°/L (T}, 1.25
x /L (&), 2.5x107/L (), 50% 107/L (M), 1x10%/
L(A),and2x10°/L (®#). n=3. xzs.

After initial experiments mentioned above, we
defined the assay condition as final concentrations at 2.5
x 107/L K562 cells in RPMI-1640 medium with 5 %
newbomn calf serum, 1 % MeSO, and screening
compounds 5 mg L in a total volume of 100 plL.
Me,SO solvent was used as blanks, and ctoposide in
Me,SO at final concentrations of 100, 10, 1, and 0.1
pmol/L were used as controls,

Screening of 800 compounds by the K562
cellbased assay The total of 800 compounds was
accommodated on ten 96-well plates. Compounds with
no effect on the growth of cells showed the values of UV

] 2 3 4 5 6 7 3 9 10 11 12
Afiwi] 8 9 9 9 93 57 9% 8 88 9| I8
B 9 [ 78 9% 8 4 29 88 92 8 8 T | 29
C o | 92 6 92 100 103 9 97 55 69 86 | 56
D3 |14 78 6 9 9% 7 0 9% 76 89 | 8
E 8 [ 93 93 53 8 8 8 91 85 88 B3 | 9
F so | 88 8 98 99 64 8 82 69 9% 72|10
G 3| 8 9% 91 89 95 46 8O0 35 14 | 102
H 16 | 80 9 8 19 64 63 72 92 88 6 | ¥

Fig 3. Cell growth as determined by the MTS method. Percent cell growths in each well of one typical 96-well plate are

shown.
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absorption similar to the blanks, while those compounds
with cell foxicity or growth inhibition changed the value
t0 a reduced number by different degrees, reflecting their
inhibitory potency on cells growth (Fig 3),  We obtained
percent cell growth in each compound and control well by
dividing the value in the compound and control wells by
that in the eight blank wells.

As expected, most compounds showed no or weak
growth inhibition, There were 52 compounds showed
40 % - 60 % inhibition, 25 compounds showed 60 % ~
80 % inhibition, 11 compounds showeqd inhibition higher
than 80 %, and the rest showed no inhibition or less than
20 % inhibition at the assay concentration of 5 mg/L.
We took the 11 compotinds with inhibition higher than
80 % as hits for further characterization, and the hit rate
was 1.4 % of the total 800 compounds.

Quality controls in the HTS assay In order to
handle a large number of compounds in a HTS assay and
manage huge amount of information generated, it is the
common practice fo assay compounds only at a single
empirical concentration with hope to identify hits for

liquid handling and instrument reading from real inhibi-
tion, we lested the precision in pipetting and instrument
reading in situations we used for our HTS assays.

We first tested the precision of pipetting by Biomek
2000 liquid handling workstation, using the dye Bromo-
phenyl Blue (BPFB) as the indicator and measuring
absorbance at 592 nm on 96-well plates. When 1 L of
BPB in Me,SO was added by Biomek 2000 to dry plates,
simulating compound distribution o daughter plates, the
relative standard deviation (RSD) was 9 % across the
entire plate (Fig 5). This is consistent with our previous
results, in which 2 pL of BPB in Me,S0 was transferred
to dry plates, and RSD was 7 %2,

We replaced compounds in sample wells and control
wells with Me;SO solvent and measured cell growth after
48 h incubation (Fig 5). The variation should reflect the
combined effect of pipetting, cell growth, as well as
formazan measurement, and we found that the cell growth
on the entire plate was quite uniform with RSD at 9 % .

We used the known active compound etoposide as
the control at four final concentrations from 100 to 0.1

further investigation. To differentiate fluctuations due o ymol/L. Consistently, etoposide showed K562 growth
A 12 3 4 5 6 7 8 9 10 1l 12

A 1ot 101 102 101 102 102 102 102 1.03 100 1.02 1.00]1.01 0o/
B [ 103 098 107 108 09 103 103 104 101 099 102 101 [1.02 0.03
C | 104 103 1.05 100 107 136 104 132 107 128 104 118|112 0/
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E [1.02 102 103 097 09 097 098 0% 09 09 095 124]1.00 0.08
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F 129 128 139 137 139 144 137 143 147 128 142 124|136 06.05
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Fig5. (A) Variation from pipetting 1 pL. Me,S0 to dry plate.

{B) Variation in cell growth as measured by MTS

method. The averages of rows, columms, or entire plates were shown as bold face, and the RSD’s of rows, columms,

and plates as italics.
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inhibition with the expected potency (B0 % £ 3 %
growth inhibition at 100 pmol/L, 69 % £ 3 % growth
inhibition at 10 pmol/L, 41 % +4 % growth inhibition
at 1 ymol/L, and 13 % x4 % growth inhibition at 100
nmol/L) .

With these tests on precision of pipetting and
instrument reading, as well as data from the control
compound etoposide, we understand the degree of
fluctuation due to pipetting and reading, and we can
comfortably conclude that we would most likely see an
inhibition if the compound to be screened has significant
effect on the proliferation of the K562 cells.

Characterization of the hit compounds The
11 compounds showed inhibition higher than 80 % were
further investigated. At first, we checked their
inhibition at eight final concentrations in 10 fold
differences from 50 mg/L to 5 ng/L. Two compounds
did not show the expected inhibition and were considered
false positives. The rest showed significant inhibition at
concentrations lower than 5 mg/L. Then we chose
concentrations at 50, 15.6, 5, 2.8, and 1.5 mg/L,
860, 500, 50 pg/L to determine their IC5, values which
were calculated by Sigmaplot software. Among those
tested, 9 compounds showed 1Cy lower than 5 mg/L..

After taking their molecular weights into account for
each active compound, the best compound SHO0010034
obtained from this screening showed an ICg at 170 nmol/
L, followed by those with ICs at 700 nmol/L, 3.5,
3.9, 4.8, 6.4, 6.5 pmol/L. There were total 7
compounds with IC;, lower than 10 ymol/L, and 2
compounds with ICy between 10 and 20 pmol/L,
demonsirating the power of the HTS assay in identifying
K562 growth inhibitors, These compounds are under
further  structure-activity structural
modifications.

analysis  and

DISCUSSION

We have developed a K562 cell-based assay on 9%6-
well plates, monitoring cell proliferation by MTS
method. The assay is simple, reliable, and cost-
effective. Only 500 ng of compound each was used for
the screening at one concentration, giving statistically
significant potency values. A set of 800 compounds
were screened using the assay, and a few active
compounds were identified with the best one with ICy, at
170 nmol/L, offering leads for further structural
improvements. .

NIH used a panel of 60 cancer cell lines for

evaluation, and each determined at several concentra-
tions'"!.  Although it was effective and reliable, it was
costly especially for large-scale screening. With careful
control of assay conditions, we demonstrated that it was
possible to screen compounds at only one single
concentration and obtain statistically meaningful results.
Adding the costs for culure medium, reagents, and
disposables used in the screening, per-well cost for the
screening is well under USD $ 1, promising it as a high
throughput format for large scale screening for anticancer
agents,

Currently, there are several methods used most
frequently for monitoring cell proliferation, including
MTT, XTT), and SRB'”. We chose the recently
developed MTS method!®*) because its MTS product
formazan is soluble in the culture media, so that we can
perform the assay with no washing or cell harvesting
steps, facilitating the partially automated HTS assays.

Several cell lines should be adaptable to HTS, and
the K562 cell-based assay should be applicable to other
cells growing in suspension. We are currently working
on conditions for other cells including adherent cells and
applying these methods for screening for anticancer
agents.
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