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Abstract

Green tea extract (GTE) is known to be a potential anticancer agent(1) with various biological
activities(2, 3) yet the precise mechanism of action is still unclear. The biomechanical response of
GTE treated cells taken directly from patient’s body samples was measured using atomic force
microscopy(AFM)(4). We found significant increase in stiffness of GTE treated metastatic tumor
cells, with a resulting value similar to untreated normal mesothelial cells, whereas mesothelial cell
stiffness after GTE treatment is unchanged. Immunofluorescence analysis showed an increase in
cytoskeletal-F-actin in GTE treated tumor cells, suggesting GTE treated tumor cells display
mechanical, structural and morphological features similar to normal cells, which appears to be
mediated by annexin-I expression, as determined by siRNA analysis of an in vitro cell line model.
Our data indicates that GTE selectively targets human metastatic cancer cells but not normal
mesothelial cells, a finding that is significantly advantageous compared to conventional
chemotherapy agents.

Green tea, a beverage widely consumed around the world, has long been known for its
beneficial health effects and potential use for cancer prevention (1). It has been shown that
the extract of green tea inhibits the formation and development of tumors in animal models
(1) and is a more effective and practical cancer preventive than individual constituents of
GTE alone (5). While several animal studies and human population-based studies have
reported compelling results on the chemopreventitive effects of GTE (6), more information
is required to provide a clear understanding of their cellular function. Several studies on
GTE associated anticancer activity in cell lines, such as urothelial and lung adenocarcinoma
lines (2, 6, 7), have been reported; however, the direct effect of GTE on metastatic or normal
cells from clinically obtained human samples has not been studied to date.
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Change in the nanomechanical properties of cells has garnered much interest in recent years.
In particular, mechanical studies of human diseases such as cancer have recently emerged as
research topics of interest (8—11). It is understood that disease states not only cause
functional and biological alterations in cells but also result in significant change in their
physical, structural and morphological characteristics (10-13). Cytoskeletal actin, one of the
major ubiquitous proteins found in all eukaryotic cells, is a key structural and functional
element in maintaining cell morphology, cell adhesion, cell motility, cell division,
exocytosis and endocytosis (2, 14-17). Alteration of actin remodeling has recently been
linked to cellular activity associated with malignant cellular phenotypes, including change in
morphology, increased motility, proliferation and angiogenesis (2, 18). Recent studies have
shown that actin depolymerization and disrupted actin stress fibers, marked by a shift in
filamentous (F) actin to globular (G) actin, occurs in early stages of malignant
transformation, whereas abnormal distribution of F-actin favoring cell migration occurs in
the later stage of cancer corresponding to tumor cell invasiveness and metastasis (2, 19). It
has been shown that cytoskeletal alterations, such as actin polymerization status, are
connected to the overall mechanical properties of a cell (8-11). Mechanical properties of the
cytoskeleton, transport properties and cell architectonics are largely mediated and regulated
by associated cellular proteins (11), and their mechanical properties provide new
information on mechanisms associated with molecular reorganization in diseased cells (11).

Here, we report the effect of a green tea extract (GTE) on live metastatic cancer cells and
benign mesothelial cells taken from clinical patient effusions. We used atomic force
microscopy (AFM) to probe the biomechanical properties associated with the ex-vivo
treatment of ten different human body fluid samples (pleural effusions) with GTE (Table 1).
Mechanical properties of clinically derived metastatic cancer cells and normal mesothelial
cells were reported to show distinct differences in behavior (8). We studied pleural effusions
taken from the lung, rather than primary tumor masses, as it provides a native control due to
the presence of both mesothelial (normal) and tumor (metastatic) cells in this type of sample,
and is used routinely in pathological clinical diagnosis. Individual cells were optically
aligned under the AFM tip via optical microscopy [see Methods]. Using AFM software the
tip was brought into contact with the central region of a cell and force curves were obtained
[see Methods]. Force-displacement curves were recorded on each cell to determine the
relative cell stiffness (Young’s modulus, E) of the cell. E was calculated by converting the
force curves into force-indentation curves (20) and fitting with the Hertz model, which
describes the indentation of an elastic sample using a stiff conical indenter (21, 22). To
avoid spurious results in the obtained modulus measurements, force curves were measured
with small observable indentations (23, 24) and limited to the central region of the cell (25).

To investigate the anticancer effect of GTE on regulating phenotypic changes in malignant
cells we measured the biomechanical response of clinically derived metastatic and normal
mesothelial cells both before and after treatment with GTE for 24 h at a dosage of 40 ug/ml.
Consistent with our previous cancer study (8), we found that the average Young’s modulus
for the tumor and normal cells from these samples before treatment were 0.41 + 0.18 kPa
(n=164) and 2.53 + 1.23 kPa (n=177), respectively (P=8.6E-67; Fig. 1a). In contrast, after
treatment of these cells with GTE the average cell stiffness measurements were 2.54 + 1.47
kPa (n=154) and 2.48 + 1.37 kPa (n=156) for the tumor and normal cells, respectively (Fig.
1a). The obtained measurements show that GTE increased the stiffness of the metastatic
tumor cells from 0.41 £ 0.18 kPa (n=164) to 2.54 + 1.47 (n=154) (P=5.6E-52). The results
indicate that GTE causes a significant increase in the measured elasticity of the tumor cells
in these patient samples, to a stiffness value quantitatively analogous to normal, healthy
cells. Interestingly, no significant change was detected in the biomechanical response of the
normal cells before and after treatment with GTE, indicating a very selective action on the
metastatic cancer cells.

Nanotechnology. Author manuscript; available in PMC 2012 May 27.
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Cell populations chosen for mechanical analysis were confirmed using immunofluorescence
labeling. Tumor and normal cell types were assessed with triple-labeling
immunofluorescence for Ber-EP4 (red fluorescence), a marker for metastatic cancer cells,
Calretinin, a marker for normal mesothelial cells, or F-actin (green fluorescence) and DNA
(blue fluorescence) as described in the Methods section. Morphologically, GTE treated
tumor cells, marked by red fluorescence (Ber-EP4 staining), displayed a larger cell size with
increased cytoplasmic volume and had the appearance of mature epithelial cells compared to
the untreated tumor cells, which correlated with increased F-actin stress fiber formation
(Fig. 1b) and increased F-actin fluorescence intensity (Fig. 1b). Another notable
morphological change displayed by the GTE treated cells was the significant reduction in
cell clustering and overlap compared to the untreated cells (Fig. 1b).

The biochemical mechanisms responsible for the observed mechanical change in clinical
patient samples were also investigated using human lung adenocarcinoma A549 cell lines.
Here, we studied the GTE-induced biomechanical shift in A549 cells resulting from
molecular reorganization associated with the actin binding protein (ABP) annexin-1, which
is believed to be a protein target responsible for the actin remodeling effect of green tea
extract (GTE) (2). Previously, it was shown that that GTE modulates actin remodeling in
transformed human urothelial cells (MC-T11) (2, 7). Using a proteomics approach several
altered proteins in MC-T11 cells induced by GTE were identified, including the actin
binding protein (ABP) annexin-I that showed both a time- and dose-dependent expression
(7). The increased annexin-1 correlated with actin remodeling, and was the result of
transcription level up-regulation, as determined by RT-PCR, pull-down immunoblot, and
SiRNA analyses (7). Furthermore, decreased annexin-I expression has been shown to be a
common event in early stage bladder cancer development (6). Subsequently, similar findings
were repeated in human lung A549 cells.

Using immunofluorescence labeling, the stimulatory effect of GTE on actin polymerization
was assessed. Consistent with previous observations (2, 6), the presence of GTE caused a
significant increase in the level of F-actin present as compared to the untreated control (ctrl)
Ab549 cells (data not shown). Despite the pronounced subcellular structural reorganization
due to GTE-induced F-actin polymerization, this does not necessarily mandate a shift in the
mechanical properties of these cells post GTE treatment (21, 23, 26).

Cell elasticity measurements (Young’s modulus, E) taken on untreated (ctrl) and 24 hr GTE
treated A549 cells are shown in Fig. 2. Measurements yielded average Young’s modulus (E)
(mean = s.d.) values of 0.34 + 0.10 kPa for untreated (ctrl) cells and 0.41 + 0.10 kPa and 1.0
+ 0.60 kPa for 6 h and 24 hr GTE treated cells, respectively (Fig. 2a—c). A two sample
independent t-test conducted on the untreated and 24 h GTE treated cell populations showed
that the population means were significantly different from each other at the 95% confidence
level (P = 3.4E-10). The significant number of measurements (n=42) obtained provide a
representative average modulus of these cells which excluded potential structural differences
or variations in tip contact point.

To reveal the mechanism behind the observed GTE-induced cell stiffening, we probed the
effect of annexin-I expression relating to actin remodeling observed in GTE stimulated
Ab549 cells. Annexin-I-specific sSiRNA complexes were used to investigate further the
function and biomechanical consequences of annexin-I upregulation. Cells exposed to
annexin-1 siRNA in the absence and presence of GTE showed a marked decrease in cell
stiffness relative to GTE only treated cells (Fig. 2d—€). The average Young’s modulus values
for annexin-1 siRNA ctrl and 24 h GTE treated cells (dosage: 40 ug/ml) were 0.60 £ 0.31
kPa (n=49) and 0.67 + 0.44 kPa (n=48), respectively. As an additional level of control, cells
were exposed to negative control complex siRNA (—) for comparison (Fig. 2f-g). The GTE-
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induced actin polymerization was not affected by siRNA negative control; exposure to both
SiRNA (—) and GTE together showed an increase in stiffness similar to cells treated only
with GTE. The average Young’s modulus of the ctrl and GTE treated cells exposed to the
negative control complex of annexin-1 RNA interference (siRNA (—)) were 0.74 + 0.36 kPa
(n=50) and 2.67 + 0.94 kPa (n=54), respectively. However, compared to untreated control
cells, cell stiffness was only slightly increased with sSiRNA complex even without GTE and
to a considerably lesser extent than that observed for the GTE only and negative control
GTE treated cells. These findings confirm the functional and observed mechanical affect
associated with GTE-induced annexin-I expression on stimulating actin polymerization.

Taxol, cisplatin and topotecan, are commonly used chemotherapy agents with
intraperitoneal application to treat metastatic cancer in body cavity. However, these drugs all
share a similar detrimental irritation side effect when used locally, which may relate to the
cytotoxic effect on normal cells among other mechanisms. We therefore, compared the
effect of GTE versus these drugs on both metastatic cancer cells and normal mesothelial
cells. After treatment of patient samples with Taxol, cisplatin and topotecan there is a noted
increase in rounded cell morphology. Topotecan and cisplatin are known to target the DNA
of cells leading to alteration in the DNA structure and thus apoptosis and necrosis (27-31).
Taxol, initially derived from the bark of the Pacific yew tree, is a mitotic inhibitor that
works by interfering with normal microtubule breakdown during cell division.

Figure 3 shows the cell stiffness values of cisplatin (Fig. 3d), topotecan (Fig. 3e) and Taxol
(Fig. 3f) treated cells. The average Young’s moduli values for the Taxol, cisplatin and
topotecan treated cells were 3.69 + 2.42 kPa, 3.28 + 1.72 kPa and 3.11 + 2.08 kPa,
respectively (Taxol treated cells, n = 78; cisplatin treated cells, n = 70; topotecan treated
cells, n = 74). These values are notably stiffer than both the average tumor and normal cell
stiffness values. The average Young’s moduli for the untreated (ctrl) tumor and normal cells
from these same patients were 0.44 + 0.13 kPa and 2.55 + 1.09 kPa, respectively (Fig. 3a-b;
metastatic tumor cells, n = 46; normal benign cells, n = 58; P=1.49E-23). Moreover, the
widths of the associated standard deviation for the drug treated cells are significantly larger,
with values both notably softer and stiffer than that of the normal mesothelial cells.

We then compared the effect of such chemotherapeutic drugs with GTE on morphology as
well as cell death in cancer and non-cancer (mesothelial) cells (Figure 4). Here we find that
even the normal cells in these clinical pleural effusions, show a significant increase in
average cell stiffness, despite the apparent increase in rounded cell morphology after
treatment with these three conventional chemotherapeutic drugs. Additionally, an apoptotic
response is apparent in the immunofluorescence analysis of these cell populations (Fig.
4a,c,e), as is expected with such chemotherapy agents. Fluorescence images of the cisplatin,
topotecan and Taxol treated cells labeled for Ber-EP4 are shown in Figure 4b, d and f,
respectively, confirming that the cells selected for analysis were indeed metastatic
adenocarcinoma cells. Immunofluorescence images of untreated (ctrl) and GTE treated cells
are shown in Figure 4g—j. There is little visible DNA fragmentation in the GTE treated cells
compared to both control and other drug treated cells. Moreover, fluorescence labeling with
Ber-EP4 before (Fig. 4h) and after (Fig. 4j) treatment with GTE reveals a significant
decrease in the relative Ber-EP4 expression after treatment with GTE. The average positive
cell count of the untreated cells is about 136 cells per field, whereas the average positive cell
count after GTE treatment is reduced to about 86 cells per field. These findings are
consistent with the observed increase in cytoskeletal F-actin in metastatic cells after
treatment with GTE, which subsequently form less densely clustered metastatic cell
populations.

Nanotechnology. Author manuscript; available in PMC 2012 May 27.
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The relative percentage of apoptosis obtained in the control, GTE, cisplatin and Taxol
treated cells is shown in Figure 4k. Biochemical assays for these treatments showed a
significant increase in the percent of apoptotic normal cells in the cisplatin and Taxol treated
samples compared to the GTE treated cells. The average apoptosis rate for the cisplatin and
Taxol treated normal cells was 15.5 + 8.4% and 38.8 + 33.3%, respectively. That of the GTE
treated cells was 4 = 4.5%, which is similar to the measured apoptosis rate for the control
(untreated) cells (1.5 + 2.4%). Compared to the cisplatin and Taxol treated cells the GTE
treated samples show a significant decrease (between 4 and 10 times) in the associated
percent of apoptotic normal cells.

The findings presented here demonstrate that GTE has a strong effect on the functional
properties of metastatic cancer cells in both human cell lines as well as live, clinically
obtained patient samples, and unlike other chemotherapeutic drugs, the selective effect of
GTE on cancer cells but not the non-cancer cells in the same specimen provided basis for
developing GTE as an alternative novel agent for localized cancer therapy. The differential
effect may be a function of GTE induced actin remodeling mediated by annexin-I. However,
why other chemotherapeutic agents do not show the differential effect is not clear. Thus far
our studies have yet to find any non-cancer cells in the body (not cell lines) that have a
similar stiffness to metastatic tumor cells. In one of our original studies (Cross et al. Nature
Nanotechnology, 2007) we presented results from the nanomechanical analysis of cells from
cancer patients. We found that the stiffness of metastatic cancer cells taken directly from
patient samples was more than 70% softer than the benign (normal) cells in these samples
(8). Even when compared with patients suspected of different types of cancer (lung, breast
and pancreas cancers) we found the same results (8). Although cancer is extremely
biochemically diverse, our studies have shown that mechanically a common modulus for
each cell type (metastatic vs. benign) is exhibited even for different tumor types and patient
samples (8). While GTE has consistently shown a strong anti-cancer effect in both in vitro
and in vivo models, efforts on human clinical trials with oral intake of GTE are hindered by
unclear bioavailability of GTE. Positive clinical trials in humans are limited (32-34) and
using local topical application of GTE to treat genital warts, a benign tumor that is induced
by low risk Human Papilloma virus (HPV), resulted in the approval of GTE as a drug to
treat such a condition by the Food and Drug Administration (FDA) (35). This is the first
natural product that has ever been approved as a drug by the FDA. Our findings provide
evidence which suggests that direct application of GTE to the body cavity may be
efficacious to treat metastatic cancer with minimal side effects such as those associated with
other conventional chemotherapy drugs.

Cell culture and cytological sample collection

Pleural effusion samples were collected and processed using standard protocol in cytology
labs for conventional cytological analysis including Papanicolaou stain, Gimsa stain, and
cellblock preparation. For the standard ex vivo culture procedure, an aliquot of the remaining
sample (10 ml) was centrifuged at 500 g for 10 minutes. Cell pellets were resuspended with
MEM-F12 culture medium and incubated for 12 h at 37°C in 5% CO» and 95 % air.
Immediately before analysis using AFM the culture medium was changed to wash off any
dead or nonadherent cells.

SiRNA transfection for Annexin-Al

Three independent 21-base double-stranded RNAs were synthesized and purified by Qiagen
design tool protocol (Qiagen.Valencia, CA). The Annexin A1 mRNA sequences from gene
bank NM_000700. The Annexin Al target sequences of SiRNA were:

Nanotechnology. Author manuscript; available in PMC 2012 May 27.
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1. 5-CAT CAT TGA CAT TCT AAC TAA-3', (Catalog No; S100014238)
Sense; r(UCA UUG ACA UUC UAA CUA A)dTdT
Antisense; r(UUA GUU AGA AUG UCA AUG A)dTdG

2. 5-ATG CCT CAC AGC TAT CGT GAA-3' (Catalog No; S100014245)
Sense; r(GCC UCA CAG CUA UCG UGA A)dTdT
Antisense; r(UUC ACG AUA GCU GUG AGG C)dAdT

3. 5-TTG CAA GAA GGT AGA GAT AAA-3' (Catalog No; S100014259)
Sense; r(GCA AGA AGG UAG AGA UAA A)dTdT
Antisense; r(UUU AUC UCU ACC UUC UUG C)dAdA

NM_000700, 1399 bp QIAGEN

= 4 SI0ZEIMIET H
= 45000014233 H AL
= 45000014252 HF
= iS00S HF
GTO0OTEIAT A

Lo = = M !

1399

The fluorescence-labeled 3'-AlexaFluor 488 Negative Control siRNA was;
4. 5-AAT TCT CCG AAC GTG TCA CGT-3' (catalog no. 1022563)
Sense; r (UUC UUC GAA CGU GUC ACG U) dTdT
Antisense; r (ACG UGA CAC GUU CGG AGA A) dTdG

Negative control was used for detection of transfection efficiency and silencing control. The
transfection of A549 cell line with siRNA was performed using Hiperfect transfection
reagent kit (Qiagen.Cat.No. 301705. Valencia, CA.). 1x108 A549 cells were cultured in
60mm culture dishes with 4ml F-12 medium and 1% S/P and 10% FCS, cultures were
incubated at 37°C in 5% CO5, 95% air for 24 hours. Then samples were diluted with SiRNA
in 100ul culture medium without serum to give a final siRNA concentration of 5nM. 20ul of
HiperFect transfection reagent was added to the diluted sSiRNA and mixed by vortexing.
Samples were incubated for 5-10 min at room temperature. 100ul of the sSiRNA complex
was transferred into the culture dish and incubated for 12 hours at 37°C in 5% CO5, 95% air.
GTE was added at 40 pg/ml and incubated for 24 hours, with and without 10% serum.
Samples were then submitted for AFM analysis.

GTE and anticancer drug treatment

From an individual patient sample, 10ml of clinical body fluid was centrifuged at 2000 rpm
for 5 minutes. The pellet was grown in 3 cm cell culture dishes with 90% D-MEM/F-12
(Ham) medium (GIBCO BRL Island, NY) and 1% Penicillin G 10,000 Units/ml,
Streptomycin 10,000 ug/ml Solution (GIBCO BRL Island, NY), 10% FCS. Cultures were
incubated at 37°C in 5% CO,, 95% air for 24 hours. Cells were prepared as described above
and then treated with four drugs (cisplatin 10ug/ml, topotecan 440nM, Taxol 40nM and
GTE 40ug/ml), and incubated at 37°C for an additional 24 hr in 5% CO, and 95 % air.

Nanomechanical analysis of cells using AFM

All analysis was conducted using a Nanoscope IV Bioscope (Veeco Digital Instruments) set
on a combined inverted optical microscope (Nikon). The combined inverted optical stage
allowed precise lateral positioning of the AFM tip over the central (nuclear) region of the
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cell. Mechanical measurements were made using sharpened silicon nitride cantilevers with
experimentally determined (36) spring constants of 0.02 N/m and a tip radius of <20 nm.
Measurements were obtained at 37°C with force measurements recorded at a pulling rate of
1 Hz.

For mechanical analysis force-displacement curves were recorded to determine the relative
cell stiffness (Young’s modulus, E) and cell surface adhesion of individual cells. Young’s
moduli was calculated by converting force-displacement curves into force-indentation
curves (20) and fitting with the Hertz model, which describes the indentation of an elastic
sample using a stiff conical indenter. More detailed discussion on the calculation and
application of this model to mechanical properties of living cells can be found in previous
publications (21, 22, 26). For calculation of the elastic moduli the Poisson ratio of the cell
was taken to be 0.5, as is typical for soft biological material (20), and the half opening angle
of the tip was 36°. Analysis of measurements was restricted to low force ranges resulting in
shallow cell indentations (<500 nm) to prevent any damage to the cell surface and to reduce
any possible influence from substrate-induced effects (24, 26).

Immunofluorescence triple labeling

Analysis of Ber-Ep4, F-actin, and DNA on fixed cells—For fluorescence analysis,
cells cultured directly on 1 cm diameter cover glass were fixed with 3.7% paraformaldehyde
for 30 min. Cells were then incubated with 1% BSA in PBS PH 7.4 for 30 min at RT (room
temperature). They were then incubated with Anti-Human Epithelial Antigen Clone Ber-
EP4 (DAKO.CA) diluted 1:300 with 1% BSA in PBS Ph 7.4 for 1 hr at RT. Next, they were
incubated in 1:500 Cy3-conjugated AffiniPure Goat Anti-Mouse 1gG (H+L) (Jackson
ImmunoResearch Lab, Inc) for 30 min, followed by 1:40 Bodipy phallacidin (for F-actin)
(Molecular Probes Inc., Eugene, OR) for 20 min, and then in a 1:10,000 dilution of DAPI
for 5 min. Between each incubation step, the cover glass was rinsed with PBS three times.
The stained cover glass was then transferred onto a regular microscopic slide and mounted
in 100 mM n-propyl gallate (Sigma Chemical Co., St Louis, MO) in spectranalyzed glycerol
(Fisher Scientific), pH 6.5, for fluorescence examination and automated quantitative analysis
(AQUA, PM-2000, HistoRx, New Haven, Connecticut) and analysis of F-actin fluorescence
intensity (FI) in tumor and mesothelial cells. The lowest possible AQUA score is 0 and the
highest is 255. For analysis, cells with and without red fluorescence (tumor cells versus
mesothelial cells, respectively) were selected for F-actin measurement separately whereas
for each specimen, at least 500 total cells were selected for the measurement, and the mean
fluorescence intensity of each cell population (red intensity, tumor cells versus absence of
red intensity, mesothelial cells) was calculated.

Fluorescence labeling of Ber-Ep4 on live cells—Live cell fluorescence labeling was
performed in 3 cm cell culture dishes. Anti-Human Epithelial Antigen Clone Ber-EP4
(DAKO.CA) was diluted 1:1000 in 1% BSA in PBS pH 7.4. Conjugation was achieved by
combining 1ug of the diluted antibody with 5ul of Alexa Fluor 488 reagent (Invitrogen
Molecular Probes) and incubating for five minutes at RT. 5ul of blocking reagent was added
to the reaction mixture and incubated for additional five minutes at RT. The resulting
complex was applied to the samples and incubated for 1 hr at RT.

Statistical analysis

To summarize results, data were expressed as mean + SD. Statistical significance of
differences in mean values was assessed using a two sample independent Student’s t-test at
the 95% confidence level and differences among means are reported using exact P values.

Nanotechnology. Author manuscript; available in PMC 2012 May 27.
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Figure 1. Patient tumor and normal cell nanomechanics and actin remodeling response to GTE
treatment

(a) Measured Young’s modulus of patient metastatic tumor and normal mesothelial cells
before (ctrl) and after treatment with GTE for 24 h (dosage = 40ug/ml). The average
Young’s modulus of the untreated tumor and normal cells were 0.41 £ 0.18 kPa (n=164) and
2.53 + 1.23 kPa (n=177), respectively. Treatment of these cells with GTE yielded average
cell stiffness values of 2.54 + 1.27 kPa (n=154) and 2.48 + 1.37 kPa (n=156) for the tumor
and normal cells, respectively. (b) Immunofluorescence labeling of a clinical pleural
effusion before and after treatment with GTE. Untreated normal and tumor cells (upper
panel) and GTE(40ug/ml, 24 hours) treated tumor cells (lower panel). Cells were washed,
fixed, and labeled for Bodipy Phallacidin-stained F-actin(green), Ber-EP4-stained tumor
cells(red) and DAPI-stained DNA(blue, triple-labeled fluorescence). Images were taken
using an Olympus BX40 microscope at 40x. Bottom, F-actin fluorescence intensity (FI) in
mesothelial cells and tumor cells treated with GTE(40ug/ml), cisplatin(10ug/ml) and
Taxol(40nM) (*p<0.05, data from four patient samples, scale bar=10um).
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Figure 2. The effect of GTE on A549 human lung adenocarcinoma cells

(a—c) Histograms showing the Young’s modulus (kPa) of ctrl (a), 6 h (b) and 24 h (¢) GTE
treated A549 cells. Note the significant increase in cell stiffness after GTE treatment. The
average E for the ctrl cells is 0.34 £ 0.10 kPa (a) and 1.0 £ 0.60 kPa for the 24 hr GTE
treated cells (c) (P = 3.4E-10). (d—g)Histograms of the measured cell stiffness after exposure
to annexin-1 siRNA in the absence and presence of GTE. The average Young’s modulus
values for annexin-1 siRNA ctrl and 24 h GTE treated cells (dosage: 40 um/ml) were 0.60
0.31 kPa (d; n=49) and 0.67 £ 0.44 kPa (e; n=48), respectively. As an additional level of
control, cells were exposed to negative control complex siRNA (—) for comparison. The
GTE-induced actin polymerization was not affected by siRNA negative control. The average
Young’s modulus of the ctrl and GTE treated cells exposed to the negative control complex
of annexin-1 RNA interference (SiRNA (—)) were 0.74 £ 0.36 kPa (f; n=50) and 2.67 + 0.94
kPa (g; n=54), respectively.
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Figure 3. Biomechanical response of anticancer treated cytological samples

(a—b) Histograms of untreated (ctrl) tumor and normal cell elasticity (E) measurements from
patient samples subsequently subjected to anticancer treatment. Mean stiffness values for the
tumor and normal cells from these patient samples were 0.44 + 0.13 kPa (n=46) and 2.55 £
1.09 kPa (n=58), respectively. (d—f) Histograms representing the measured Young’s
modulus of all cisplatin (d) treated effusion cells (mean = S.D. = 3.28 + 1.72 kPa; n=70),
topotecan (e) treated cells (mean + S.D. = 3.11 + 2.08 kPa; n=74) and Taxol (f) treated cells

(mean £ S.D. = 3.69 £ 2.42 kPa; n=78).
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Figure 4. Effect of GTE, cisplatin, topotecan and Taxol on apoptosis in normal and tumor cells
Clinically derived normal and tumor cells were treated with GTE (40 ug/ml) and other
common chemotherapeutic drugs for 24 hours. Treated and untreated cells were washed,
fixed, and labeled for DNA (blue) and Ber-EP4 (red). (a—f)Immunofluorescence labeling of
tumor cells treated with cisplatin (10ug/ml, a—b), topotecan (440nM, c—d) and Taxol (40nM,
e—f). Fluorescence labeling of DNA (blue) reveals the onset of apoptosis in the Taxol,
Topotecan and cisplatin treated cells. (g—j)Immunofluorescence images of untreated (ctrl, g—
h) and GTE treated (i—j) cells reveal a significant decrease in the relative Ber-EP4
expression after GTE treatment. Images taken using a Nikon Eclipse E400 microscope at
40x. (K)Bar graph showing percent apoptosis rate in normal (cyan) and tumor (blue)cells
treated with various reagents (data collected from 4 samples with each sample divided into 4
regions with 500 cells/region).

Nanotechnology. Author manuscript; available in PMC 2012 May 27.



Page 15

Cross et al.

‘p's F ueaw juasaidal (3) sanfen ssauyns ‘[feusrew Asejuswajddns] sisAjeue [eajwisydoisiyounwiwi yim paulquiod sisAfeue [eaifojoydiow uo paseq apew sem sisoubelp eaibojoydiowoif)
*

w.wﬁﬂum.ﬁ H.WHHHM.H S m.moﬁwc: H.MNHHM. 0 S1192 JuBUBIjeW 211EISEIBW J0) BANISOd BLIOUIIBI0USPE ISBaIg alewa4/yS 0T
o_mﬂqwm.m m.mﬂﬂum.m H.WHHHM.N ﬁ.mwum.o S]189 JueUBIjEW D1TRISEIBW J0) SARISOd euwiouIdesouspe bun alewa4/S. 6
— _ H.mmﬂum.m — $]199 ueUBIeW Joy aAIEBAN Lieay pue :o_wnmwwﬁ\f ‘sa19081q a[eIN/08 8
w.maﬂuw.m m.mmﬂum.w H.mmﬂuﬁ.m H.mwu“.o [e20AINbT BUIOUIIEI0UIPE UBLIBAQ alewa4/gy L
N.MNMM.H w.maﬂn“. e o.mwﬂnw.m H.mwn“. 0 $1180 JUBUBIEW OEISEISW 10} SAIISOd BWIOUIDIEI0UPE UBLIBAQ a[ewa4//9 9
@.Hvuurcw.m o.maﬂumq H.mmﬂum.m H.NWM. 0 $1180 JUBUBIEW OIRISEISW 10} SAINSOd BWIOUIDIEI0USPE UBLIBAQ a[ewa4/v9 g
m_mmﬂuﬁ.m o.mxﬂuﬂ.m ¢ %wc: H.mmuwm. 0 [esoninb3 eWOUID EI0UPE BunT 3lewa4/08 v
o_mmﬂuw.m m.mHMM.H ».mmﬂum.m ﬁ.mﬁﬂum.o S]189 JueUBIjEW D11RISEIBW J0) SAISOd BLIOUIDIEI0USPE URLIBAQ aJewa4/69 e
m_maﬂum.m o.WHﬂuM. e m.mwum.m H.NWM. 0 51189 JUBUBI[EW OEISeISW 10} SANISOd eLIOUI BI0UaPE BuN a[ewa4/z. z
N.mmﬂum. e m.mHMM.N w.mwum.m H.MHHHM. 0 $1180 JUBUBIEW OMEISeISW 10} SANISOd BWIOUIDIEI0USPE. D11eaIoUR] 3[BIN/S9 T
[SULION ownt [eWION :(ec) 3 JownL :(edd) 3 P KI01SIH [ea1und xeg/eby  #8seD

parest L 319 :(ed”) 3

parestl 319 :(edX) 3

leana|d jo sisoubeiq [ed160]01AD

NIH-PA Author Manuscript

"(3) syuswiaINsSeaA [eaIUBYIBIA SnSIaA sisoubelq [e2160]01AD pue sonsualoeiey) Juslled

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nanotechnology. Author manuscript; available in PMC 2012 May 27.



