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Tissue microarray technology facilitates rapid as-
sessment of expression of molecular markers by
enabling the simultaneous analysis of hundreds of
tissue specimens. We have applied this technology
to establish a microarray composed of cell pellets
derived from 40 human lymphoma/leukemia-
derived cell lines harboring a variety of molecular
abnormalities. The application of cell line microar-
rays to the assessment of biologic marker evalua-
tion was validated by studying the immunohisto-
chemical expression of PTEN and phosphorylated
AKT, two mediators of the phosphatidylinositol
(PI)-3-kinase pathway. In addition to the high
throughout analysis of protein expression in lym-
phoma/leukemia cells, this methodology also en-
ables the evaluation of subcellular localization of
protein expression. Cytoplasmic PTEN expression
was observed in the majority of cell lines (87%),
whereas a minor subset demonstrated nuclear ex-
pression. Phosphorylated AKT was also expressed
predominantly within the cytoplasm in 65% of cell
lines, whereas nuclear expression was seen in a mi-
nority. An inverse relationship between PTEN and
phosphorylated AKT was observed in 63% of cell
lines. No cell lines showed absence of PTEN expres-
sion, whereas 50% of cell lines showed low PTEN
expression. Our data support the integrity of the
PI-3-kinase-PTEN-AKT pathway in amajority of cell
lines derived from hematologic malignancies and

clearly demonstrates the utility of microarray tech-
nology in the in situ assessment of expression of
molecular markers in tumor-derived cell lines.
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Tissue microarray technology permits simulta-
neous analysis of hundreds of tissue specimens (1–
3). Tissue microarrays are powerful for validation,
prioritization, and extension of findings obtained
from genomic surveys, such as cDNA microarrays
(4) at the DNA, RNA, or protein level (5). They have
been successfully used for high-throughput molec-
ular profiling of a variety of cancers including
breast, prostate, bladder, and lymphoma (6–9).
Technical considerations regarding the establish-
ment of tissue microarrays have been amply re-
ported; however, application of such technology to
the study of pure tumor cell pellets derived from
cells grown in continuous culture has not been
adequately addressed in the literature. In this study,
we modified the tissue microarray approach to es-
tablish a cell line microarray composed of cell pel-
lets obtained from human tumor–derived cell lines.
This method would faciliate the in situ analysis of
pure tumor populations for expression of biomar-
kers at the DNA, RNA, and protein level.
In this study, we have applied the tissue microar-

ray technology to analyze the in situ expression of
two mediators of the phosphatidylinositol (PI)-3-
kinase pathway, PTEN and AKT, in microarrays
composed of 40 cell lines derived from hematopoi-
etic neoplasms. The tumor suppressor gene, PTEN,
is deregulated in a variety of cancers (10). It en-
codes a dual-specificity phosphatase with homol-
ogy to the cytoskeletal proteins tensin and auxilin
(11). It is unique in that it has phosphatase activity
against protein tyrosine kinases as well as
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phosphatidylinositol-3, 4, 5-trisphosphates (11).
The protein tyrosine and lipid phosphatase activity
of PTEN places it as a key regulator of the effects of
signaling from receptor tyrosine kinases via
phosphatidylinositol-3-kinase to PKB/AKT and its
downstream targets such as BAD, thus influencing
cell proliferation, survival, differentiation, motility,
and invasiveness (12).

The cellular mechanism of PTEN function and its
role in the molecular pathogenesis of malignant
lymphoma are unknown. There is a high incidence
of hematopoietic tumors and lymphoid hyperplasia
in PTEN-heterozygous mice (13), suggesting the
role of PTEN in regulating hematopoietic cell pro-
liferation, cell death, and malignant transforma-
tion. The PI3-K/AKT pathway is activated in many
lymphomas; however, comprehensive analysis of
PTEN and AKT expression at the protein level has
not been performed in these cancers. Many studies
have reported a relatively low incidence of loss of
heterozygosity and point mutations of PTEN in he-
matopoietic neoplasms (14). It is noteworthy that
most studies of PTEN in lymphomas have searched
exclusively for deletions or mutations of the gene
rather than for dysregulation of mRNA or protein
expression. As a key inhibitor of the PI-3-kinase, an
inverse relationship between PTEN and phosphor-
ylated AKT has been demonstrated (15) in a variety
of cancers by Western blot analysis and tissue im-
munohistochemistry (16, 17). A major limitation of
Western blot analysis is the loss of subcellular ex-
pression information. The expression of clinically
relevant molecular biomarkers at the microana-
tomical level is of critical importance. By analysis of
PTEN and phosphorylated AKT expression, we

demonstrate the integrity of the PI-3-kinase-PTEN-
AKT pathway in a majority of cell lines derived from
hematologic malignancies. This is the first report of
a microarray approach to study a comprehensive
panel of tumor-derived cell lines for analysis of
molecular marker expression.

MATERIALS AND METHODS

Microarrays of cores prepared from cell blocks
were obtained using cell lines derived from 40 he-
matologic malignancies harboring a variety of mo-
lecular abnormalities: T- and B-acute lymphoblas-
tic lymphoma, t(14;18)–positive large B-cell
lymphoma, t(11;14)–positive mantle cell lym-
phoma, t(9;22)–positive chronic myeloid leukemia,
t(15;17)–positive acute myeloid leukemia, cutane-
ous T-cell lymphoma, t(2;5) positive anaplastic
large cell lymphoma, t(8;14)–positive Burkitt lym-
phoma, Hodgkin’s lymphoma, and t(14;18)–nega-
tive large B-cell lymphoma). Table 1 summarizes
the molecular abnormalities associated with the he-
matopoietic neoplasms. Cell lines were obtained
from the American Tissue Culture Collection (Rock-
ville, MD) or from the laboratory of Dr. Hans Mess-
ner, University of Toronto. Cells were grown in
RPMI 1640 (Nova-Tech, Inc.) supplemented with
1.6 g/L sodium bicarbonate, 4.5 g/L glucose, 9.5 g/L
HEPES, 0.11g/L sodium pyruvate, and 10–20%
heat-inactivated fetal bovine serum. Each cell line
was grown to approximately the concentration of
20 to 25 million cells in 50 mL of media. Cell via-
bility was determined by trypan blue dye exclusion
(Sigma), and the desired standard of cell viability
was 90% for each cell line.

TABLE 1. Hematopoietic Cell Lines Used for Array

Name Lineage Type PTEN P-AKT Name Lineage Type PTEN P-AKT

HL60 Myeloid AML M3 1 1 BC-1 B-cell PEL � AIDS 1 1
NB-4 Myeloid AML M3/t(15;17) 2 1* BC-3 B-cell non-AIDS PEL 2 2
KASUMI-1 Myeloid AML M2/t(8;21) 2 1* GM697 B-cell B-ALL/t(1;19) 1 2*
K562 Myeloid CML 1 1 REH B-cell B-ALL/t(12;21) 2 2
CEM-6 T-cell T-ALL 1 2* GRANTA 519 B-cell MCL/t(11;14) 2 1*
HPB T-cell T-ALL 2 1* NCEB B-cell MCL/t(11;14) 2 1*
JURKAT T-cell T-ALL 1 2* KARPAS 422 B-cell B-NHL/t(14;18) 1 1
MOLT 4 T-cell T-ALL 1 2* OCI-LY-1 B-cell B-NHL/t(14;18) 2 1*
NALM-6 B-cell B-ALL 1 1 SUDHL-4 B-cell B-NHL/t(14;18) 2 1*
HH T-cell CTCL 2 1* SUDHL-6 B-cell B-NHL/t(14;18) 1 1
HUT 78 T-cell CTCL 1 1 SUDHL-16 B-cell B-NHL/t(14;18) 2 1*
KARPAS 299 T-cell ALCL/t(2;5) 2 1* OCI-LY-2 B-cell B-NHL 2 2
MAC2A T-cell ALCL 2 1* OCI-LY-7 B-cell B-NHL 2 1*
SKW-3 T-cell CLL 2 1* OCI-LY-8 B-cell B-NHL 2 1*
SUDHL-1 T-cell ALCL/t(2;5) 2 1* OCI-LY-10 B-cell B-NHL 2 2
SUDHL-2 T-cell ALCL 2 1* SUDHL-5 B-cell B-NHL 2 1*
KMH2 B-cell HD 2 1* SUDHL-7 B-cell B-NHL 2 2
L428 B-cell HD 1 2* SUDHL-8 B-cell B-NHL 2 2
RAJI B-cell African BL/t(8;14) 2 2 SUDHL-9 B-cell B-NHL 1 1
GM607 B-cell EBV 2 1* SUDHL-10 B-cell B-NHL 2 1*

1 � low; 2 � high; *inverse; P-AKT � phosphorylated AKT.
B � B-cell; T � T-cell; AML � acute myeloid leukemia; ALL � acute lymphoblastic leukemia; CTCL � cutaneous T cell lymphoma; ALCL � anaplastic

large cell lymphoma; CLL � chronic lymphocytic leukemia; HD � Hodgkin lymphoma; BL � Burkitt lymphoma; EBV � Epstein Barr Virus transformed;
MCL � mantle cell lymphoma; PEL � pleural effusion-based lymphoma; NHL � non-Hodgkin lymphoma.
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For paraffin-block preparation, the cells were
pelleted using low-speed centrifugation at 1500
rpm for 10 minutes. The supernatant was decanted,
and normal plasma and thromboplastin were
added in equal amounts (six drops) and allowed to
congeal for 5 minutes. The clot was placed into
tissue paper, folded into a biopsy cassette, and fixed
in 10% neutral buffered formalin. The cassette was
then submitted for routine histological processing.
Construction of the tissue microarray block was

achieved by making 2-mm holes in a recipient tis-
sue microarray block, acquiring a 2-mm cylindrical
core specimen from cell blocks of all 40 hematopoi-
etic cell lines and depositing them into the recipient
tissue microarray block. These cores were first or-
ganized into groups of related malignancies and
then arrayed into a recipient tissue microarray
block. Figure 1A demonstrates the array of cell
blocks after staining with hematoxylin-eosin. Five
replicate tissue microarray blocks were created with

FIGURE 1. A, an array of hematoxylin-eosin stained cell blocks prepared from 40 cell lines derived from hematopoietic neoplasms outlined in
Table 1. B, a higher magnification of a representative cell block core. C, a cell line (SUDHL-9) expressing low levels of PTEN. D, a cell line (SUDHL-
2) expressing high levels of cytoplasmic PTEN. E, illustrates a cell line (HPB) with low expression of phosphorylated AKT. F, high levels of
phosphorylated AKT protein is seen in a cell line (BC-3). There is a submembranous accentuation in the cells showing positive reactivity for
phosphorylated AKT (E), whereas a strong Golgi-associated pattern is seen with PTEN (D).
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the position of the specimens at identical coordi-
nates in each block. Alternatively, several replicate
cores of one cell block can be placed in one recip-
ient block.

For immunohistochemical studies, 5-�m-thick se-
rial sections were mounted on glass slides coated with
2% aminopropyltrioxysilane (APES; Sigma Corp., St.
Louis, MO) in acetone. Sections were dewaxed in
xylene and rehydrated in graded ethanols. Endoge-
nous peroxidase activity was blocked by immersion in
0.3% methanolic peroxide for 15 minutes. The immu-
noreactivity of the target antigens was enhanced by
microwave incubation of the tissue sections for 15
minutes in 0.1 M citrate buffer. Expression of PTEN
and phosphorylated AKT was determined by immu-
nohistochemical analysis using a rabbit polyclonal
antibody for PTEN (Zymed, San Fransisco, CA) at a
1:50 dilution and a polyclonal antibody for Ser473-
phosphorylated AKT (Cell Signaling Technology, Bev-
erly, MA) at a dilution of 1:25. The sections were then
incubated with a biotinylated peroxidase agent, a 3,3'-
diaminobenzidine basic detection kit (Ventana Med-
ical Systems Inc., Tucson, AZ). Antigen–antibody re-
actions were visualized using diaminobenzidine as
the chromogen. Normal mouse serum containing
mixed immunoglobulins at a concentration approxi-
mating that of the primary antibody was used as a
negative control. Sections were counterstained with
hematoxylin. Prostate epithelium was used as an ex-
ternal positive control for both antibodies and endo-
thelial cells represented internal controls.

A semi-quantitative assessment of intensity was
performed by two evaluators (MSL and RA) and
divided into two grades; 1� (low expression defined
as less than expression level seen in prostate epi-
thelium) and 2� (high expression defined as equal
to or greater than expression level seen in prostate
epithelium). Subcellular localization of protein ex-
pression was also evaluated.

RESULTS

Cell Line Microarray
Table 1 summarizes the key molecular abnormal-

ities associated with the hematopoietic cell lines
used in the creation of the microarray. Cell pellets
were resuspended in normal plasma and thrombo-
plastin to facilitate cell–cell integrity, enabling easy
cutting of microarray blocks. Limiting the use of cell
cultures demonstrating �90% viability by trypan
blue dye exclusion ensured adequate numbers of
viable cells for subsequent morphologic analysis.
Starting with 20–25 million cells in 50 mL of media
(0.4–0.5 million cells per milliliter), we obtained
approximately 500 cells per core. Under these con-
ditions, optimal cell morphology was obtained
without overlapping of cellular detail due to crowd-

ing. The cell lines were organized into relevant
groups of neoplasms, such as T- and B-acute lym-
phoblastic leukemias, t(14;18)–positive diffuse large
B-cell lymphomas, t(11;14)–positive mantle cell
lymphoma, t(9;22)–positive chronic myeloid leuke-
mia, t(15;17)–positive acute myeloid leukemia, cu-
taneous T-cell lymphoma, t(2;5)–positive anaplastic
large cell lymphoma, t(8;14)–positive Burkitt lym-
phoma, Hodgkin lymphoma, and t(14;18)–negative
large B-cell lymphoma, which facilitates the corre-
lation with biomarker expression.

Figure 1A demonstrates a hematoxylin-eosin–
stained array of 40 2.0-mm-diameter cell blocks
prepared from a wide spectrum of hematologic ma-
lignancies. With a starting population of approxi-
mately 20–25 million cells, we were able to con-
struct five replicate microarray blocks. Up to 30
consecutive sections could be cut from each of the
blocks, resulting in a total of 150 sections. Micro-
scopic analysis of the cell block shown in Figure 1B
clearly demonstrated the presence of �500 cells in
�90% of the arrays. With the analysis of two cell
arrays, we were able to analyze adequate numbers
of cells (�500 cells per core) in 40/40 (100%) of the
cell blocks.

Immunohistochemical Analysis
Routine immunohistochemical analysis for PTEN

and phosphorylated AKT was performed using a
similar protocol for paraffin-embedded formalin-
fixed tissue blocks. Variable levels of PTEN protein
were detected in the cell lines. We compared the
intensity of PTEN expression to that seen in exter-
nal control prostate tissue samples where prostate
epithelium exhibited high PTEN (2�) expression.
The data are summarized in Table 1. PTEN expres-
sion was observed in the cytoplasm of the majority
of cell lines (87%), whereas a minor subset demon-
strated nuclear expression. Thirty-two percent of
cell lines showed low (1�) PTEN expression,
whereas the other 68% showed high (2�) PTEN
expression. No cell lines showed complete absence
of PTEN expression, consistent with previous re-
ports of low incidence of PTEN gene alterations in
leukemias and lymphomas (18). In a subset of cell
lines, a characteristic Golgi-staining pattern was
observed (Figure 1D).

Phosphorylated AKT was also expressed predom-
inantly within the cytoplasm in 65% of cell lines,
whereas nuclear expression was seen in a minority.
The majority of cell lines, 28/40 (70%), demon-
strated low levels (1�) of phosphorylated AKT,
whereas 12 cell lines (30%) showed high (2�) phos-
phorylated AKT. An inverse relationship between
PTEN and phosphorylated AKT was observed in
63% of cell lines. Eight cell lines demonstrated low
levels of both PTEN and phosphorylated AKT,
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whereas seven cell lines demonstrated high levels of
both proteins. Figure 1C demonstrates a cell line
with low PTEN expression, whereas Figure 1D dem-
onstrates high levels of cytoplasmic expression of
PTEN, with a Golgi-staining pattern. Figure 1E is an
example of a cell line with low levels of phosphor-
ylated AKT. Figure 1F demonstrates a cell line with
high levels of phosphorylated AKT highlighting its
submembranous localization. Detection of PTEN
and phosphorylated AKT protein expression within
the nucleus (Fig. 1E, inset) of a subset of cell lines
supports the existing literature that abnormal nu-
cleocytoplasmic shuttling of key signaling mole-
cules may play a role in the development of malig-
nant neoplasms (16).

DISCUSSION

We have applied the use of tissue microarray
technology to analyze the in situ expression of two
mediators of the phosphatidylinositol (PI)-3-kinase
pathway, PTEN and AKT, in 40 hematopoietic cell
lines. To date, human tissue microarrays are most
commonly constructed from archival paraffin tis-
sue blocks. Arrays composed of frozen tumor tis-
sues have also been demonstrated to enhance the
analysis of RNA by in situ hybridization, FISH, and
immunohistochemistry (5). Microarrays of tissue
samples, however, are not amenable to studying
changes in gene or protein expression in response
to growth factors, kinase inhibitors, or chemother-
apeutic agents. The availability of a microarray
composed of tumor-derived cell lines would be
highly useful in initial validation of cDNA microar-
ray and proteomic data. Although we carried out
our studies with hematopoietic cells that grow in
suspension, adherent tumor cells such as carcino-
mas and sarcomas can also be used after trypsin
disaggregation. Control populations of cells such as
quiescent and activated peripheral blood T and B
lymphocytes may also be included in the microar-
ray block. Additionally, this approach would allow
the study of cells that have been exposed to the
effects of varying microenvironmental stimuli, such
as co-culture of tumor cells with fibroblasts and
endothelial cells. The determination of intracellular
localization of gene products would also provide
critical information regarding their biologic func-
tion. The delineation of signaling pathways and
gene networks that are increasingly being impli-
cated in tumorigenesis through genomic and pro-
teomic studies (19, 20) highlights the need for mul-
tiplex biomarker analysis. Cell arrays created from
tumor-derived cell lines can provide starting mate-
rial to analyze DNA, RNA, and proteins, as well as
phospho-proteins.

Although 20–25 million cells were used for prep-
aration of each cell block in our study, microscopic

analysis of the cell blocks clearly demonstrated that
this number was more than sufficient for routine
immunohistochemical analysis. We and others (5)
have demonstrated that 0.6-mm-diameter cell
blocks would be equally sufficient for routine RNA,
DNA, and protein analysis. Furthermore, because
the mode of fixation can be optimized to the spe-
cific procedure to be used for analysis, there is an
added level of flexibility in the nature of the study,
such as RNA in situ hybridization, FISH, and
immunohistochemistry.

By analysis of PTEN and phosphorylated AKT
expression, we demonstrate the integrity of the PI-
3-kinase-PTEN-AKT pathway in a majority of cell
lines derived from hematologic malignancies. We
were able to confirm in a relatively rapid manner
that PTEN deletions or mutation resulting in ab-
sence of PTEN expression occurs rarely in hemato-
poietic neoplasms (18). This is the first report to
demonstrate in situ phosphorylated AKT expres-
sion in a comprehensive group of hematologic ma-
lignancies. Detection of PTEN and phosphorylated
AKT protein expression within the nucleus of a
subset of cell lines supports the existing literature
that abnormal nucleocytoplasmic shuttling of key
signaling molecules may play a role in the develop-
ment of malignant neoplasms.

In summary, tumor-derived cell lines provide an
excellent target material for the study of DNA, RNA,
and proteins and clearly demonstrate the ability of
tissue microarray technology in linking protein ex-
pression with previously identified molecular ab-
normalities. This approach will allow rapid and
high-throughput assessment of changes in multiple
gene expression in response to therapeutic agents
directed against specific molecular defects.
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