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Abstract

Background: Oxidative signaling to modulate redox-sensitive cell functions is a heretofore
unexploited approach to developing new drugs for poorly treated oncology indications, where
current therapies are often only palliative and accompanied by severe toxicities.

Objective: Clinical and non-clinical findings with NOV-002 (a mimetic of glutathione disulfide
that represents such an approach) are reviewed and evaluated.

Methods: Published data on NOV-002 along with unpublished information from the drug’s
sponsor were reviewed. Literature analysis also focused on protein S-glutathionylation as a
regulatory mechanism, particularly in relation to cell signaling, proliferation and cytoskeletal
architecture.

Results/conclusion: NOV-002 is a mechanistically novel agent with potential for ameliorating
hematologic toxicity and enhancing efficacy when used in combination with standard
chemotherapy to treat cancer patients.
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1. Introduction

It is an unusual circumstance when the availability of clinical data precedes full preclinical
evaluation of a new cancer therapeutic. Such is the case for NOV-002, where significant
clinical trial results have been generated from earlier Russian investigations and indicate a
unique clinical profile in oncology indications, combining improved tolerance of standard
chemotherapeutic drugs with increased efficacy [1]. While the Russian results were
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uniformly positive, the US Food and Drug Administration (FDA) requires confirmation and
extension of such clinical data in order to gain approval in the US. Thus a number of US
clinical trials are ongoing in several oncology indications and are discussed in the pertinent
sections. Moreover, there is growing evidence that redox-sensitive targets are important in
cancer drug discovery and development. NOV-002 is a mimetic of oxidized glutathione
(GSSG) in a complex with cisplatin and has impact on cellular redox balance. This balance
is critical to the maintenance of cell viability. In particular, thiol homeostasis is one
important part of redox homeostasis and, as we shall see, is subject to pharmacological
manipulation.

Modulation of glutathione (GSH)/GSSG levels and of glutathione S-transferase (GST) has
been attempted as a means to improve response to cancer drugs. Use of buthionine
sulfoximine (BSO) and ethacrynic acid, while effective preclinically [2], were not successful
enough in the clinic to merit continued development [3,4]. However, one consequence of
these studies was the design of a peptidomimetic inhibitor of GSTr. TLK199 or -
glutamyl-S-(benzyl)cysteinyl-(/)-(-)-phenylglycine diethyl ester. Preclinical and
mechanism-of-action studies revealed an unanticipated myeloproliferative activity in rodents
[5,6]. The discovery of a protein-protein interaction between GSTn and c-jun N-terminal
kinase (JNK; [7,8]) provided a model for how TLK199 could produce proliferation in
marrow progenitor cells [6]. Since NOV-002 affects bone marrow in both preclinical and
clinical studies, there is reason to conclude that thiol manipulation may be a common factor
in influencing myeloproliferation. Indeed, there are examples where glutathione is directly
implicated in regulation of immune response. Manipulation of blood GSH/GSSG levels by
administration of Aacetylcysteine has been shown to influence survival and quality of life
in HIV-infected patients [9,10]. With NOV-002 it is possible to prescribe general pleiotropic
mechanisms linking GSH/GSSG with myeloid proliferation and immune regulation.

2. Overview of the market

While NOV-002 could, theoretically, be used in a wide range of solid-tumor indications (in
combination with standard chemotherapy), the main focus of its development is non-small-
cell lung cancer (NSCLC), a highly prevalent, poorly treated and fatal disease. Lung cancer
is now the leading cause of cancer death in both men and women, and accounts for 29% of
cancer deaths overall. Non-small-cell lung cancer accounts for approximately 80% of all
lung cancers and most patients present with inoperable advanced Stage 111 (111b) or Stage IV
disease. One-year survival in advanced NSCLC is ~ 35% and median survival is ~ 8.5
months. Compounding these poor survival rates is the marked degree of morbidity
associated with lung cancer, including pain associated with the primary tumor and with
metastatic disease (especially metastases to bone) and neurological symptoms associated
with metastases to the central nervous system [11].

Currently available therapy for NSCLC is suboptimal with respect to both efficacy and
toxicity [12,13]. In the US, the combination of carboplatin and paclitaxel is most frequently
used as first-line therapy, with the recent addition of bevacizumab (an angiogenesis
inhibitor) for a subset of patients. A number of other ‘targeted’ therapies are in clinical
development for NSCLC (e.g., cituximab, an anti-EGF antibody; bortezomib, a proteasome
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inhibitor; ASA404, a vascular disrupting agent). Overall, current therapies are palliative,
providing marginal efficacy as measured by survival. In addition, such chemotherapy is
accompanied by severe, sometimes life-threatening toxicities, which often limit its
application. Thus, there is a clear need for new, more effective and safer therapies for
advanced NSCLC.

3. Introduction to NOV-002

The structure of NOV-002 is shown in Figure 1. It is oxidized glutathione (GSSG) with
cisplatin at a molar ratio of ~ 1000:1. The cisplatin may serve to stabilize the GSSG. It can
be calculated that a typical therapeutic dose (60 mg) administered daily over 6 months
would result in a cumulative total dose of cisplatin that is equivalent to < 2% of the single
dose of cisplatin typically used in treatment of cancer patients. As such, it seems unlikely
that the platinum component contributes substantially to the pharmacology of the compound
and, indeed, the preclinical data confirm that GSSG is the active component of NOV-002
[14].

Sulfur has the essential chemical property of existing in a biologically reduced sulfhydryl
state, where the pKa of the thiol group is ~ 9.65, accounting for the nucleophilicity of
reduced glutathione. GSH homeostasis is maintained in cells by a complex series of
balanced pathways. De novo synthesis can occur through the -y-glutamyl cycle [15], where
the three constituent amino acids (Glu-Cys-Gly) are combined with rate-limiting catalysis
through glutamate-cysteine ligase (GCS) and glutathione synthetase. Salvage of GSH can
occur through the cleavage activity of the membrane-associated -y-glutamyl transpeptidase
(GGT), which can recycle constituents. While intracellular concentrations of GSH may vary
considerably, concentrations of 0.1 — 10 mM are commonly found in mammalian cells (10 —
30 um in plasma). Glutathione can occur in reduced (GSH), oxidized (GSSG) or mixed
disulfide forms and its ubiquitous abundance is testament to its biological importance. More
recently, S-glutathionylation of proteins has been recognized as an important post-
translational modification (Figure 2). S-glutathionylation can influence conformation of
various structural proteins, including actin [16] and other clusters of proteins, which can be
associated with energy metabolism/glycolysis, cell signaling, calcium homeostasis, protein
folding or redox homeostasis (for review see [17]). Since GSSG can be a proximal donor in
the S-glutathionylation reaction, the implications are that NOV-002 may also provide donor
substrate. As a consequence of this and other effects on cellular redox balance, NOV-002
influences multiple cell processes and functions, including critical proliferation pathways.

4. Mechanism of action

NOV-002 is not cytotoxic alone even at high doses, and while NOV-002 causes protein S
glutathionylation, the platinum component does not [14]. Instead, findings collectively
suggest that the capacity for modulation of redox conditions at the cell surface and/or
intracellularly may underlie the pharmacological properties of NOV-002. NOV-002 has
pleiotropic effects on preclinical model cell systems. Our published data [14] show that
NOV-002 treatment of HL60 cells alters a number of cellular redox parameters both at the
cell surface and intracellularly. HL60 cells were chosen as an example of a cell line of
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hematopoietic origin, thus providing focus for the clinical effects of NOV-002 on blood cell
profiles. It is generally accepted that GSSG will not passively cross the cell membrane [18].
Thus, the effects of NOV-002 on cells may be mediated via direct effects on cell-surface
targets. Alternatively, the interaction of NOV-002 with a membrane-associated enzyme such
as y-glutamyl transpeptidase (for which both GSSG and NOV-002 are substrates) could
result in hydrolysis into constituent amino acids, whereupon extra availability of cysteine
could stimulate GSH metabolism. In addition, there is evidence that GGT, through Fenton
chemistry, can result in the liberation of hydrogen peroxide (H,O5), which is cell-permeable
and capable of transmitting an oxidative signal into the cell [19]. The increased
bioavailability of GSSG through NOV-002 administration could increase the flux of H,O, as
a consequence of stimulating the GGT activity. In addition, it has been shown that non-
steroidal anti-inflammatory drugs and resveratrol can cause increases in the expression of
glutamate-cysteine ligase mRNA and can stimulate glutathione metabolism. This same
group has also demonstrated that GSSG can directly affect GSH levels through increasing
H,0, and stimulating glutamate-cysteine ligase [20].

Cell-surface protein thiols are believed to act as sensors of extracellular redox status, and
their modification has been linked to regulation of cell signaling and other functions in a
variety of cell types [21]. NOV-002 treatment of HL60 cells reduced cell-surface thiol
content through oxidative modification of cell-surface proteins [14]. A growing body of
evidence suggests that redox-based modulation of surface proteins is capable of regulating a
variety of cell functions [22]. One potential target of such modification is cell-surface
protein disulfide isomerase (PDI), which regulates, for example, viral entry into cells (e.g.,
HIV-1 entry as a consequence of redox modulation of CD4 on lymphocytes and the HIV-1
envelope glycoprotein gp120 [23]), cell-mediated adhesion by integrins [24] and tumor cell
invasiveness [25]. Since NOV-002 also inhibits PDI activity, this enzyme may represent a
cell-surface target for this drug, a possibility further supported by the finding that either
NOV-002 or GSSG could act as a proximal donor in the S-glutathionylation of PDI
(Townsend et al.. submitted), thus regulating its function.

Intracellularly, NOV-002 treatment of HL60 cells resulted in multiple changes indicative of
alterations in redox balance against the backdrop of stimulating the rate of cell proliferation.
Redox conditions can regulate a number of signaling pathways and directly control cell
division and differentiation responses. In neuronal progenitor cells, a fine-tuning of the
redox balance has led some investigators to suggest that as little as 15% increase or decrease
in cellular redox can activate pathways that direct cells towards either proliferation and cell
division or differentiation [26,27]. Our published results [14] showed that absolute levels of
GSH and GSSG increased transiently following treatment. Moreover, NOV-002 does act as a
substrate for glutathione reductase, and this will also serve to alter the potential of the cell to
maintain redox homeostasis. The ratio of GSH to GSSG was decreased by approximately
36% after NOV-002 treatment, indicating the generation of a mild oxidative signal within the
cell interior. In addition, HL60 cells treated with NOV-002 showed ~ 2.5-fold increase in
H,0, production compared with untreated cells. These results were temporally consistent
with a time- and concentration-dependent increase in the phosphorylation of three kinases,
which in bone marrow can play direct roles in cell proliferation (JNK, p38 and ERK), and in
AKT, a kinase that acts in concert with JAK2 and STAT5 to regulate marrow proliferation.
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The JAK-STAT signaling pathway is intimately involved in governing the response of cells
to cytokines and growth factors [28]. Activation of the pathway by NOV-002 indicates that
the drug is affecting those pathways that lead to hematopoiesis/myeloproliferation. These
results are consistent with earlier work with TLK199, another small-molecule
myeloproliferative agent [6]. In each case, these stimulations were also coincident with the
induction of S-glutathionylation of actin and could suggest a cause-and-effect relationship
between signaling and cytoskeleton morphology. S-glutathionylation occurs to certain target
proteins when a cell is exposed to oxidative or nitrosative stress [29]. Filomeni and
colleagues have used a number of model systems to demonstrate that, under certain
conditions, GSSG can act as a pro-oxidant activator of the p38 MAPK death pathway in
some tumor cell lines [30,31]. While the fate of cells affected by these kinases is quite
tissue-dependent, there is some general concurrence amongst the specific kinases targeted.
Studies of specific kinases generally reflect the important role that GSSG has in mediating
early-response pathways through redox changes that transduce to a kinase signaling cascade,
affecting cell survival pathways. The concomitant changes in intracellular GSSG, actin &
glutathionylation, kinase phosphorylation and cell proliferation in HL60 cells treated with
NOV-002 seem to be causally interrelated.

In summary, NOV-002 exerts pleiotropic effects in HL60 cells consistent with the conclusion
that its active pharmaceutical ingredient is GSSG and that its central mode of action involves
modulation of redox balance, both intracellularly and at the cell surface. Redox modulation
regulates downstream kinase events that may be responsible for its stimulation of
proliferation in this premyeloid cell line [14], an effect that could be related to NOV-002’s
clinical profile in oncology patients, which includes myeloproliferation and improved
tolerance of cytotoxic chemotherapy.

5. Pharmacodynamics, pharmacokinetics and metabolism

Pharmacogenetic correlations are becoming more important in the establishment of new
cancer therapeutics. Surrogate biomarkers can be potentially useful in establishing
pharmacokinetic and pharmacodynamic properties. For NOV-002, there is the possibility that
the S-glutathionylation pattern of plasma proteins may provide such information. Early
analysis of murine serum data revealed that four protein bands are prominently S
glutathionylated. For three of these proteins, the intensities of labeling increase following
treatment of the animals with a comparatively low dose of NOV-002 (15 mg/kg i.p.). Using
matrix assisted laser desorption/ionization — time of flight (MALDI-TOFF)peptide
sequencing, the proteins were identified as redox-sensitive serum proteases (serine protease
inhibitor, contrapsin and a—1-antitrypsin 1 — 6 precursor) (Townsend et a/., submitted).
These biomarkers may prove to be valuable pharmacodynamic indicators in humans.

6. Clinical efficacy

NOV-002 has been the subject of multiple Phase 11 oncology studies in the Russian
Federation and the US, primarily in non-small-cell lung cancer. In Russia, a multicenter,
randomized, open-label, 12-month study was conducted to evaluate the safety and efficacy
of NOV-002 in combination with chemotherapy in patients with advanced NSCLC (Novelos
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Therapeutics, Inc., unpublished information). During the first 2 months of the study, first-
line chemotherapy was standardized to cisplatin (60 mg/m?2 in a single i.v. infusion) and
etoposide (three doses of 120 mg/m? via i.v. infusions given every other day, starting with
the day of cisplatin administration). Subsequent chemotherapy regimens included CAP
(single i.v. doses of cisplatin 50 mg/m?2, cyclophosphamide 500 mg/m2, and adriamycin 50
mg/m?2), MACC (single i.v. doses of methotrexate 40 mg/m2, adriamycin 40 mg/m?, and
cyclophosphamide 400 mg/m?), or lomustine (belustine or 1-(2-chloroethyl)-3-cyclohexyl-1-
nitrosourea (CCNU) 30 mg orally).

In the study, 68 chemotherapy-naive patients with Stage I11b/IV NSCLC were randomized
into two groups for 12 months of treatment. Group A patients (7= 38) received NOV-002 in
combination with chemotherapy. For each nominal 28-day chemotherapy cycle, Group A
patients received NOV-002 60 — 80 mg/day i.v. on days of chemotherapy administration and
NOV-002 10 — 20 mg/day i.m. on non-chemotherapy days. Group B patients (/7= 30)
received chemotherapy alone. One-year survival was significantly improved from 17% in the
chemotherapy-alone group (Group B) to 63% in the NOV-002-plus-chemotherapy group
(Group A) (p < 0.0001), and patients receiving NOV-002 were able to receive more cycles of
chemotherapy (Figure 3; p < 0.0001). Improved tolerance of chemotherapy in NOV-002-
treated patients was also evidenced by significantly increased peripheral blood counts of
leukocytes, monocytes, erythrocytes/hemoglobin and lymphocytes (including total
lymphocytes, T-suppressor cells, IL-2 receptor-expressing T cells, and natural killer cells)
compared to chemotherapy alone (Figure 4). In addition, performance status (using
Karnofsky Score) was significantly improved in the NOV-002 plus chemotherapy group
compared to the chemotherapy alone group (data not shown).

In a US Phase I/11 trial [1], 44 chemotherapy-naive, Stage I11b/IV NSCLC patients (Eastern
Cooperative Oncology Group [ECOG] 0 - 2, stratified by disease stage) were randomized to
one of three groups for 6 months of treatment. Groups A and B received NOV-002 in
combination with carboplatin and paclitaxel (C+P). For each nominal 21-day chemotherapy
cycle, these groups received 60 mg NOV-002 i.v. daily for the first 4 days, then 60 mg i.m.
(A) or s.c. (B) on weekdays for the next 17 days. Group C received C.P alone. Initial doses
of paclitaxel and carboplatin in all three groups were 225 mg/m2 and AUC 6, respectively.
Initiation of repeat CP cycles required an absence of hematologic and other toxicities in
excess of predefined values. Primary study end points included tumor response (scans
performed at baseline and then every 2 months) and safety. An intent-to-treat analysis of the
best overall objective tumor response (WHO criteria) showed that 11 out of 16 (69%) Group
B patients demonstrated greater than 50% tumor shrinkage versus 5 out of 15 (33%) in the
control group (C) (p = 0.044, logistic regression stratified on disease stage). In Group A, 6
out of 13 (46%) patients demonstrated an objective response. In addition, 100% of
NOV-002-treated patients in Group B and 85% in Group A were able to complete four
cycles of C+P compared to 50% of control patients (Group C) (p = 0.004, XZ).

NOV-002 is the subject of a pivotal ongoing Phase 111 trial in advanced NSCLC. This
randomized, open-label trial is being conducted at nearly 100 clinical sites across 10
countries, and, like the above trials, compares NOV-002 and first-line chemotherapy
(carboplatin and paclitaxel) with chemotherapy alone. Full patient accrual is complete at the
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time of writing, and results are expected in 2009. In addition, the drug is the subject of two
smaller ongoing Phase Il trials (again in combination with standard chemotherapy), one in
platinum-resistant ovarian cancer and the other as neoadjuvant therapy in breast cancer.

7. Safety and tolerability

In cell cultures, NOV-002 was not cytotoxic at concentrations as high as 1 mM. In chronic
(6-month) toxicology studies in both rats and dogs, NOV-002 demonstrated no measurable
toxicities at 1000 and 100 mg/kg, respectively. In clinical studies conducted to date,
NOV-002 has been well tolerated and without evidence of untoward side effects.

8. Regulatory affairs

The ongoing Phase 111 trial with NOV-002 in advanced NSCLC is being conducted under a
Special Protocol Assessment from the FDA. NOV-002 has also received ‘fast-track’
designation from the FDA. As of the first quarter of 2008, the accrual goal of 840 patients
had been reached. Analyses of results are anticipated in 2009. While other indications will
be tested (including breast and ovarian cancer), initial review will focus on the NSCLC data.

9. Conclusions

NOV-002 is a well-tolerated therapeutic adjuvant to standard cancer drug therapies. It
enhances myeloproliferation, primarily as a consequence of redox-induced changes that
occur at both the cell surface and intracellularly. Clinical testing in Russia has already
produced positive survival data in NSCLC patients. These trials require continued
confirmation in the US and a critical Phase Il trial is in progress in parallel with Phase 11
trials in other oncology indications.

10. Expert opinion

Overall, NOV-002 can be distinguished from other drugs for advanced NSCLC on the market
or in development because, based on available data, it possesses the key attributes of safety,
improved recovery from chemotherapy toxicity, potentiation of chemotherapy (increased
survival rates and better antitumor effects) and low cost of manufacture. By comparison,
new dosing regimens with existing cytotoxic drugs are likely to provide only incremental
improvements in efficacy and/or safety. Similarly, emerging targeted biologic therapies, such
as gefitinib, erlotinib, bevacizumab and cetuximab, may offer some benefit for certain
patient subpopulations, but overall efficacy has remained low. Moreover, there are
significant safety concerns and the costs of manufacture are very high. Thus, there remains a
significant medical need for better drug therapy for advanced NSCLC patients, and
NOV-002 offers promise in this regard.

In addition, NOV-002 is an interesting pharmaceutical case study. Cancer drug discovery/
development in the US usually follows the standard route of target identification, small-
molecule discovery, /in vitroand in vivotesting, Phase | through Phase 111 clinical testing and
eventual FDA registration. The existence of clinical results with NOV-002 generated outside
the US prior to development in the US represents a more unusual path to drug approval. The
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earlier Russian data paint a fairly optimistic picture and US-based trials to date seem to be
encouraging. If pending pivotal Phase Il results are positive and the drug receives regulatory
approval, NOV-002 has the potential for rather broad use in combination therapies for
oncology indications, both for facilitating recovery from chemotherapy toxicities and
increasing the efficacy of standard chemotherapy. With limited restrictions on which drugs
are used with it, such off-label applications would add to the impact of NOV-002 on medical
practice and augur well for its commercial success.

With respect to competitive drugs, given the apparently novel mechanism of action of
NOV-002, historical parallels are not common. Amifostine is a cytoprotective agent working
by detoxifying free-radical byproducts of drugs or radiation, with concomitant reduced
toxicity to normal tissues. It has FDA approval for reducing kidney damage due to cisplatin
chemotherapy in patients with ovarian cancer and for reducing moderate to severe dry mouth
associated with radiation treatment after surgery for head and neck cancer. Any off-label
uses of amifostine are related to its thiol detoxification functionality, and unlike NOV-002,
there is no suggestion that it can improve the efficacy of concomitantly administered
chemotherapy. Since the mechanism of action for NOV-002 relies more on its disulfide
moiety, it does not seem likely that it would compete directly for the same indications as
amifostine. TLK199 is in clinical trial in myelodysplastic syndrome patients, and data
presented in abstract form at national meetings in the US are so far encouraging. However, it
is too early to predict if there is likely to be clinical overlap with NOV-002, or whether the
two drugs may have complementary effects.

Since the trace cisplatin content of NOV-002 does not appear to be a pharmacologically
active component of the drug, one of the challenges lies in ascribing a definite mechanism of
action for oxidized glutathione, which is essentially an endogenous molecule.
Conceptualizing redox regulation of cellular function is complex, not least because of the
volume of research characterizing both the positive and negative impact of oxidant effects on
cells. For example, hydrogen peroxide is a toxin, but is also an endogenous messenger in a
number of growth regulatory pathways. Critical signaling events governed by kinases or
phosphatases are subject to control by S-glutathionylation of cysteine residues. This, in turn,
is regulated by NOV-002 through a drug-induced alteration of thiol/disulfide balance.
Generally, the maintenance of thiol homeostasis is subject to temporal fluxes that have
regulatory effects upon cell growth, division and death, and it is now clear that
pharmacological manipulation of thiols influences myeloproliferation. NOV-002 exerts an
effect upon these pathways in a manner that is consistent with a general redox-based change
in thiol and disulfide ratios and concomitant impact upon myeloproliferative status.

What does the future hold for NOV-002? The results of the Phase 111 NSCLC trial should be
available in 2009, with analysis available for registration application later that year.
Premised on existing clinical data and the benign toxicity profile, there is reason to be
optimistic, notwithstanding the vagaries of FDA review. If approval is received, the next 5 to
10 years should result in steady market growth in a large and poorly treated patient
population (advanced NSCLC), with plausible expansion of use into other oncology
indications in combination with chemotherapy. The general public is keen on therapies that
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are non-toxic, and the present emphasis on targeting of new drugs is shifting towards
combinatorial agents, such as NOV-002.
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Figure 1.

Structure of NOV-002, the disodium salt of oxidized glutathione complexed with cisplatin.
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NOV-002 causes S-glutathionylation of actin
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Figure 2. Schemefor S-glutathionylation of proteins.
In the example shown, NOV-002 can act as the proximal donor for S-glutathionylation of

actin (immunoblot shown on lower left). At the cell level, this causes a decrease in the
number of focal adhesions (lower right box: see arrows in top panels [magnification x 100]
and bottom panels [magnification x 400]) that connect cells to the extracellular matrix and
serve as a biochemical and biomechanical signaling hub, affecting numerous functions (e.g.,

cell migration, cell cycle control).

GSH: glutathione; GSSG: Glutathione disulfide; GSTP: glutathione S-transferase P.
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Figure 3. Survival over 1year and average total number of chemotherapy cyclesfor advanced

NSCLC patientsin a Phasell clinical trial.

In this controlled trial, Patients were randomized to Group A (NOV-002 + chemotherapy) or
Group B (chemotherapy alone). A. Kaplan-Meier plots of survival over time; O and V
symbols represent 24 and 5 censored patients in Groups A and B, respectively, who were
alive at the end of 1 year; p<0.0001 using log rank XZ test. B. Average total number of
chemotherapy cycles administered to Group A and Group B patients. Values are mean +
standard error of mean; p < 0.0001 using unpaired, two-tailed #test.
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Figure 4. Peripheral blood counts of (A) leukocytes, (B) monocytes, (C) total lymphocytes, (D)
CD25" cells (IL-2 receptor-expressing lymphocytes), and (E) CD16*/CD56" cells (NK

lymphocytes) in advanced NSCL C patientsin a Phase |l clinical trial.

In this controlled trial, patients were randomized to Group A (Nov-002 + chemotherapy) or
Group B (chemotherapy alone).
Values are mean = standard error of mean (where error bars are not visible they lie within
the data point). *** p < 0.001, ** p < 0.01, * p < 0.05 two-way ANOVA.
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