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Abstract

Purpose.—Optimal meibomian gland (MG) function is critically important for the health and
wellbeing of the ocular surface. We hypothesize that low oxygen (O,) conditions promote the
function of human MG epithelial cells (HMGECs) and that human MGs exist in a relatively
hypoxic environment. The purpose of this study was to test our hypotheses.

Methods.—We used human and mouse eyelid segments, and immortalized human MG epithelial
cells (IHMGECs) in our studies. To evaluate oxygen (O,) levels in the mouse MG and vicinity, we
injected pimonidazole (pimo), a hypoxia marker, before sacrifice. Human eyelid samples were
stained with the hypoxia marker glucose transporter 1 (Glut-1). To determine the effect of low O,
levels on IHMGECSs, we cultured cells under proliferating and differentiating conditions in both
normoxic (21% O,) and hypoxic (3% O,) conditions for 5 to 15 days. IHMGECs were evaluated
for cell number, neutral lipid content, lysosome accumulation, expression of biomarker proteins
and DNase I activity.

Results.—Our results demonstrate that human and mouse MGs, but not the surrounding
connective tissue, exist in a relatively hypoxic environment /n vivo. In addition, our findings show
that hypoxia does not influence IHMGEC numbers in basal or proliferating culture conditions, but
does stimulate the expression of SREBP-1 in differentiating IHMGECSs. Hypoxia also significantly
increased DNase Il activity, and apparently IHMGEC terminal differentiation.
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Conclusions.—Our results support our hypotheses, and indicate that relative hypoxia promotes
MG function.
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Introduction

Meibomian glands (MGs) are large sebaceous glands (SGs) located in the eyelids. Normally,
MGs produce abundant lipids (e.g. cholesterol and phospholipids) that accumulate in
lysosomes, are secreted in a holocrine fashion into lateral ducts, and are then released onto
the ocular surface.[1, 2] This lipid secretion (i.e. meibum) serves to provide a clear optical
surface for the cornea, interfere with bacterial colonization, and minimize tear overflow.[1,
2] Meibum also increases the stability and decreases the evaporation of the tear film, thereby
playing an essential role in ocular surface health.[1, 3-5]

In contrast, MG dysfunction (MGD), and the consequent meibum deficiency, destabilizes
the tear film and increases its osmolarity and evaporation.[1, 2, 6-8] In fact, MGD is the
leading cause of DED,[2] which afflicts countless people throughout the world, and is one of
the most frequent causes of patient visits to eye care practitioners. [9] A recent study found
that over 85% of clinically-identified DED patients exhibited signs of MGD.[10]

The most common cause of human MGD is excretory duct obstruction, due to decreased
meibum quality and hyperkeratinization of the terminal duct epithelium. [2] This
obstruction, which often occurs during aging, androgen deficiency and 13-cis retinoic acid
(RA) use,[11-14] may lead to cystic dilatation of MG ducts, atrophy and loss of MG
epithelial cells (MGECs), and MG dropout.[2, 15] There is no global cure for MGD.[16]

We hypothesize that there is another major risk factor that promotes the development of
human MGD. More specifically, we hypothesize that loss of the relative hypoxic status of
the MG plays a major role in the pathogenesis of MGD, and that restoration of this hypoxic
environment will serve a treatment for MGD. In support of our hypothesis, investigators
have reported that the mouse MG environment, like that of human skin SGs,[17-20] is one
of the most hypoxic areas in the body.[21, 22]

Accordingly, to begin to test our hypothesis, we sought to: first, determine whether human
MGs, like those of mice, exist in a relatively hypoxic environment /n vivo, and second, to
examine whether low O, conditions promote the function of human MG epithelial cells
(HMGECs) in vitro.

Materials and Methods

Human and mouse tissues

Human eyelids were obtained after ectropion surgeries from patients (2 women, 1 man; age
range, 70-82 years) without MGD, and immediately frozen in optimal cutting temperature
compound (OCT, Tissue-Tek, Sakura USA, Torrance, CA). All tissues were deidentified,
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according to Health Insurance Portability and Accountability Act regulations. The use of
human tissues was approved by the Institutional Review Board of the Massachusetts Eye
and Ear Infirmary and Schepens Eye Research Institute (SERI) and adhered to the tenets of
the Declaration of Helsinki.

C57BL/6J mice were bred in the SERI Animal Facility. The experiments with these mice
were approved by the SERI Institutional Animal Care and Use Committee (IACUC) and
adhere to the Association for Research in Vision and Ophthalmology Statement for the Use
of Animals in Ophthalmic and Vision Research. For this study we administered 100 mg/kg
Pimonidazole (pimo) HCI (Hypoxyprobe Inc., Burlington, MA, USA) intraperitoneally two
hours before sacrifice. Eyelid tissues were fixed in 4% paraformaldehyde (PFA) for 24
hours, frozen and later sectioned (15 um) with a cryostat.

There are different definitions for hypoxia. According to various sources, the terms
physiological, modest, moderate and severe hypoxia and anoxia are used to designate 10-14,
2.5, 0.5, 0.1 and 0% Oo, respectively.[19]We use the terminology “relative hypoxia,”
because although we currently do not have a device to measure the oxygen concentration in
human or mouse tissues, pimo stains tissues that harbor oxygen levels below 1.3%. [23]).

Immunofluorescence staining

Human and mouse eyelid sections were fixed with cold methanol for 15 minutes at —20°C.
Following three phosphate-buffered saline (PBS) rinses for 5 minutes each, samples were
incubated with 2% bovine serum albumin (BSA, Sigma-Aldrich Corp., St. Louis, MO) in
PBS for 60 minutes. The slides were then placed overnight at 4°C in a moist chamber with
antibodies specific for pimo (1 : 50; Hypoxyprobe Inc.), Glucose transporter-1 (Glut-1,
1:500, ab652, Abcam, Cambridge, MA), human CD31 (1:500, ab24590, Abcam), Notchl (1:
10, bTAN20, Developmental Studies Hybridoma Bank, University of lowa), or cytokeratin
14 (CK14, 1:500, ab181595, Abcam). After 3 additional PBS rinses, donkey anti-rabbit
(1:200, ab150075, Abcam,), donkey anti-mouse (1:200, 2492098, EMD Millipore,
Temecula, CA), or goat anti-rat (1: 200, a10522, Thermo Fisher Scientific, Grand Island,
NY) secondary antibodies were applied the sections for 1 hour at room temperature. The
primary antibodies were replaced with mouse or rabbit 1gG as negative controls.

Immunohistochemistry

Cell Culture

Immunohistochemistry was performed using a mouse monoclonal 1gG1 specific for pimo (1:
50, Hypoxyprobe Inc.) and an anti-FITC secondary antibody (1:100, Hypoxyprobe Inc.). For
visualization, 3,3"-diaminobenzidine (DAB, Vector) was used, followed by counterstaining
with hematoxylin, dehydration and mounting. As a negative control, the primary antibody
was replaced with PBS, following the manufacturer’s protocol. For comparison, mouse
lacrimal glands (LGs) were processed and stained the same way.

All cell culture experiments (n = 3 wells/treatment) were repeated at least 3 times.
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For cell proliferation studies immortalized (I) HMGECs[24], an authenticated cell line[25],
were placed in basal keratinocyte serum-free medium (KSFM), or KSFM with 5 ng/mL
epidermal growth factor (EGF) and 50 pg/mL bovine pituitary extract (BPE) (Thermo Fisher
Scientific)[26] to stimulate cell proliferation (proliferation medium, (PM)) in 35mm
polystyrene-coated dishes (Corning, Falcon). Cells were cultured for 5 days under 21%
(normoxic) or 3% (hypoxic) O, conditions.

The rationale for using 3% O in our experiments was to mimic the environment /7 vivo. In
brief, the oxygen percentage in sebaceous glands is reported to be 0.1-1.3%.[20] Further, the
O, saturation in adult epidermis ranges from 0.5 to 5%.[19]Thus, we used 3% O, to
approximate the level in the skin and sebaceous gland area.

To achieve these low O, levels, hypoxia chambers were prepared according to a published

protocol.[27] In brief, cell culture dishes were inserted into 1,000-ml Nalgene PC Straight-
Side Wide-Mouth Jars (Thermo Fisher Scientific, Waltham, MA), which were then flushed
with a premade 3% O,, 5% CO, and 92% N, gas mixture (Linde) for 2 minutes.. Size 15D
silicone rubber stoppers and silicone vacuum grease were used to prevent gas leakage. [27]
Following cell media changes, the jars were reflushed with the gas mixture.

For cell differentiation experiments, IHMGECs were maintained in proliferating conditions
until reaching 60% to 70% confluence, and then placed into differentiation medium (DM)
composed of a 50:50 mixture of Dulbecco’s modified Eagle’s medium and Ham’s F12
(DMEM/F12, Mediatech, Inc, a Corning Subsidiary, Manassas, VA), and supplemented with
10% fetal bovine serum[28] (FBS, Thermo Fisher Scientific).[29] Cells were cultured in
35mm polystyrene-coated dishes (Corning, Falcon ®) in the presence or absence of 10
ug/ml azithromycin (AZM, Santa Cruz Biotechnology, Dallas, TX) under normoxic or
hypoxic conditions for 5 to 15 days.

After experimental termination, cells were counted with a hemocytometer.

Lipid and lysosome analyses

Cells were then stained for lysosome accumulation using LysoTracker® blue DND-22 and
for neutral lipid with HCS LipidTOX™ Green neutral lipid stain.[30] Slides were viewed
using an Eclipse E800 fluorescent microscope and images captured with NIS-Elements
Basic Research software, version 4.2 (Nikon Instruments, Melville, NY,).[29, 31-34]
Intensities were quantified using ImageJ (http://rsh.info.nih.gov/ij).

Western blot procedures

After 5 days of culture in various media, cells were lysed for Western Blot according to our
published protocol.[33] Cell lysates were evaluated by primary antibodies specific to
proliferating cell nuclear antigen (PCNA, D3H8P, 1: 1000, Cell Signaling Technology,
Danvers, MA), sterol regulatory element-binding protein 1(SREBP-1, C-20, 1:500, Santa
Cruz Biotechnology), lysosomal-associated membrane protein 1 (Lamp-1, H4A3, 1:500,
Developmental Studies Hybridoma Bank), DNase I1 (1: 1000, Sigma-Aldrich) or p-actin
(1:10,000, Cell Signaling Technology). Secondary antibodies were horseradish peroxidase
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(HRP)-conjugated goat anti-rabbit or goat anti-mouse 1gG (both 1:5000, Sigma-Aldrich
Corp.). Densitometry was performed by using ImageJ (http://rsb.info.nih.gov/ii).

Single radial enzyme diffusion assay

The DNase Il activity of cell lysates and cell culture media was determined by single radial
enzyme diffusion assay, according to a published protocol.[35] Agarose gels were prepared
by mixing together 1% (w/v) agarose (Boston Bioproducts, Ashland, MA), 0.05 mg/ml Type
I11 salmon sperm DNA (Sigma-Aldrich), 5 pg/ml ethidium bromide (Boston Bioproducts),
0.5 M sodium acetate buffer (pH 4.7) and 10 mM EDTA (Boston Bioproducts). Then 5 ml of
the mixture was poured into 60 mm polystyrene-coated dishes (Corning, Falcon) and the gel
was allowed to solidify. Cylindrical wells (radius, 1.5 mm) were made with a disposable
punch (Acuderm Inc., Ft. Lauderdale, FL).

To obtain cell lysates, IHMGECs were exposed to 70 ul M-PER Mammalian Protein
Extraction Reagent (Thermo Fisher Scientific). For medium analysis, differentiating culture
medium was replaced the day before collection with 10% FBS that was heat inactivated at
70°C for 30 minutes to remove the heat-stable nucleases in the serum.[36] Media samples
were then obtained, centrifuged for 3 minutes at 2,500 RPM, and the resulting supernatants
were assayed for activity.

Fresh cell lysates and cell culture supernatants were assayed by loading 1 pl aliquots in the
cylindrical wells in the agarose gel. After incubation for 4-48 hours at 37°C, the area of the
dark circle was measured under an UV transilluminator at 312 nm. The area was normalized
to cell number.

Statistical analysis

Results

The significance of the differences between groups was determined by using Student’s
unpaired, two-tailed t-test (Prism 5, GraphPad Software, Inc., La Jolla, CA, USA). Values
with p < 0.05 were considered statistically significant.

Is the human MG environment relatively hypoxic in vivo?

To determine whether human MGs exist in a relatively hypoxic environment /n vivo, we
examined eyelid tissues for Glut-1 staining. Glut-1 is a widely utilized hypoxia biomarker in
human tissues.[37]. As a positive control for the detection of a hypoxic environment, we
analyzed mouse eyelids for Glut-1 and pimo presence. Pimo is a common marker used /7
Vvivoto stain hypoxic tissues.[38, 39]

Our results demonstrate that human MGs, but not the surrounding connective tissues,
express abundant Glut-1 (Figure 1). The pattern of Glut-1 staining appeared membranous in
both human (Figure 1) and mouse (Figure 2) MGs. We tried different Glut-1 antibodies, and
they all seemed to be more specific in human samples than in those of mice.

In the mouse eyelids, we observed intense pimo staining in the nucleus and cytoplasm of
ductal and acinar epithelial cells (Figure 2, Figures 3B and 3D), We also found pimo
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staining in adjacent SGs within the hair follicle complex, as has previously been reported by
others.[18, 40] The mouse LGs and connective tissue adjacent to the mouse MGs were
negative for pimo staining (Figure 3F).

To examine the location of blood vessels, the O, source, relative to human and mouse MGs,
we used CD31 and Notch 1 as biomarkers for human and mouse vascular endothelial cells,
respectively. CD31 is an endothelial marker commonly used for vessel staining[41], and
Notchl is a marker for arteries.[41] We also used CK14 staining to identify HMGECs [42,
43], and pimo staining to highlight the acini and ducts in the mouse MGs. Our results show
that blood vessels are located around the acini and ducts of MGs in both human and mouse
samples, but not inside the MGs (Figure 4).

Effect of low O, levels on IHMGEC proliferation

To determine whether a low O, environment impacts the growth of IHMGECs, cells were
cultured in either basal KSFM or EGF- and BPE-supplemented media for 5 days under
normoxic and hypoxic conditions. Following experimental completion, cells were counted
and then processed for PCNA analysis by Western blot. PCNA is an indicator of cell cycle
entry. [44]

Our findings show that exposure to a 3% O environment had no impact on cell
proliferation, as indicated by cell counts and PCNA expression (Figures 5A and B). This
lack of effect was found in both cells cultured under basal and proliferating conditions
(Figure 5A and B).

Influence of low O, levels on IHMGEC differentiation

To test whether hypoxia influences IHMGEC differentiation, we cultured cells in
differentiating medium in the presence or absence of AZM for 5 days. AZM, in turn, is
known to facilitate IHMGEC differentiation and promote the accumulation of neutral and
polar lipids and lysosomes; this cellular response appears to reflect a phospholipidosis
effect.[32, 33]We then processed cells for the identification of neutral lipids with LipidTOX
and lysosomes with LysoTracker. We also assess the expression of Lamp-1, a lysosome
marker [45], and SREBP-1, a key regulator of lipid synthesis [46].

Our results indicate that hypoxia appears to increase the size of lysosomes (Figure 6A
insets), but does not alter the overall lysosome or neutral lipid staining or the Lamp-1 levels
(Figure 5D). However, 3% O, exposure significantly increased SREBP-1 expression (Figure
5C). As a comparison, AZM significantly increased both lysosome and neutral lipid
staining, and the combination of hypoxia with AZM elicited no further effect (Figure 6B and
C).

Impact of low O, levels on the terminal differentiation of IHMGECs

To investigate the effect of hypoxia on IHMGEC terminal differentiation (i.e. holocrine
secretion), which is characterized by cell breakup and release of cellular content, we
measured the activity of DNase Il in cell lysates and medium after culturing cells in different
conditions. DNase Il activity is closely related to the terminal differentiation of SG epithelial
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cells and in holocrine secretion, [47, 48] We also examined DNase Il protein expression in
cell lysates by Western blot.

To obtain cell lysates, our experimental design involved culturing IHMGECSs under
proliferating conditions until reaching 60 to 70% confluence, then switching to
differentiation media with or without 10ug/ml AZM[29] in normoxic or hypoxic chambers
for 15 days. To collect cell culture media, we cultured the cells as described above for 14
days, then replaced the FBS with heat-inactivated FBS for 1 day, as described in the
Methods.

Our results show that hypoxia significantly increased the activity of DNase Il in both cell
lysates and media supernatants (Figures 7A and B). The influence of low O, appeared to be
similar to that of AZM alone, while the combination of hypoxia and AZM had an additive
effect on DNase Il activity. These changes were paralleled a decrease in IHMGEC number
after 15 days (Figure 7c). Neither hypoxia nor AZM impacted the expression of DNase |1
protein (data not shown).

Discussion

Our results show that human and mouse MGs, but not the surrounding connective tissue,
exist in a hypoxic environment /n vivo. In addition, our findings demonstrate that low O2
does not alter IHMGEC numbers in basal or proliferating culture conditions, but does
enhance lysosome size and stimulate SREBP-1 expression in differentiating IHMGECs.
Hypoxia also significantly increases DNase 1l activity, and apparently the terminal
differentiation of IHMGECs. These data support our hypothesis that a relatively hypoxic
environment is beneficial for MG function.

Our hypothesis that relative hypoxia is physiologically beneficial for the MG may appear
counterintuitive, because the lipid synthetic process would seem to require a considerable
supply of O,.[2] Further, there are heat-related therapies designed to increase eyelid blood
flow in an attempt to alleviate MGD.[49] Such an increase in circulation would deliver more
05, to the tissue. And the eyelid telangiectasia that often follows MGD could theoretically be
a manifestation of the body’s attempt to increase the local blood flow and O, supply to the
MG and its environment.

However, in support of our hypothesis, investigators have reported that the environment of
human skin SGs in general,[18-21] and mouse MGs in particular,[22,23] are some of the
most hypoxic areas in the body. This observation is consistent with the location of MG-
associated vasculature, which, as we show in this study, is situated beyond the basement
membrane of MG acini. This distance, by Krogh’s law, would decrease the amount of O,
diffusing from blood vessels to the MG. This relative hypoxia makes sense, given that MG
acinar epithelial cells accumulate lipids primarily in lysosomes,[32] rather than the
cytoplasm as in adipocytes. Indeed, hypoxia can lead to an up-regulation of genes that
function in lysosome and lipid metabolism.[50] Similarly, we discovered hypoxia promotes
an increase in lysosome size and an upregulation of SREBP-1, and these low O, effects are
analogous to those found in other tissues.[50-53] Thus, it appears that MG epithelial cells do
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not require much O to produce and release lipids. As these cells mature, they move further
away from the O, source and lose mitochondria. This process is different than found with
other lipid-producing cells (i.e. adipocytes).[2]

Another consideration is that acinar atrophy in human MGD is associated with a thickening
of the basement membrane. [2] This anatomical development may represent a compensatory
response to decrease O, delivery from adjacent vessels and to restore the relative hypoxia
needed for optimal MG function. Most importantly, low O, concentrations have been found
to allow stem cells to maintain their stemness, and may also be useful in maintaining and
expanding a population of cells that is in limited supply.[54, 55] Such a process would be
critical for MG regeneration after dropout /in vivo. [56]

Of interest, it has been found that basal blood flow and transcutaneous partial pressure of O,
in human skin may increase with age. [57] This loss of hypoxic environment, if it occurs in
human eyelids, may contribute to the heightened prevalence of MGD during aging. [2] Thus,
strategies to create a hypoxic MG environment may serve as new and effective therapies for
the treatment of human MGD. Such an approach has been shown to benefit other
physiological systems in mice, with low O, exposure inducing heart regeneration, reversing
neurodegeneration, and ameliorating graft-versus-host disease.[56, 58, 59]

It is possible that hypoxia may also play a role in the reported efficacy of Intense Pulsed
Light (IPL) for MGD treatment.[60] IPL is known to significantly reduce telangiectasia,[61]
and the closure of these excessive vessels may help the MG to restore its hypoxic
environment and normal function.

We found that hypoxia significantly increases the activity of DNase Il in IHMGEC lysates
and culture medium. DNase Il is a lysosomal deoxyribonuclease [62], that mediates a unique
mode of programmed cell death as part of holocrine secretion in SGs.[48] DNase Il is
usually activated by acidic conditions (pH 4.5-5.5),[63] where it translocates to the nucleus
and initiates the DNase I1-dependent cell death.[48, 64] The hypoxic state is known to
modulate intracellular and intravesicular pH[65, 66], decrease lysosomal membrane stability
and cause the intracellular release of enzymes.[67-69] Thus, it is possible that DNase 1 is
stimulated and translocated because of hypoxia-induced intracellular acidosis and lysosomal
disintegration. This finding could explain why MG epithelial cells undergo holocrine
secretion in near the lateral duct, where they are furthest away from the O, source at the
acinar periphery. [2]

AZM also enhanced DNase Il activity, but the mechanism(s) is likely different than that of
hypoxia. AZM increases the lysosomal pH, impairs lysosomal function, and induces
phospholipidosis.[32, 70] Theoretically, AZM should decrease the activity of lysosomal
enzymes.[70] However, our finding is consistent with the effects of AZM on other lysosomal
enzymes.[71] It is assumed that this function has no direct relation to the lysosomal
phospholipidosis,[71] and its mechanism remains to be clarified.

Quite notable was our discovery that hypoxia and AZM stimulate the IHMGEC release of
DNase Il into the culture medium. During holocrine secretion, the entire cell content is
ejected, including DNase Il-loaded lysosomes. Therefore, the increased DNase Il activity in
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cell culture medium likely represents an increased cell breakup, which is consistent with the
decreased number of differentiated cells following hypoxia or AZM exposure. We conclude
that either a hypoxic environment or AZM alone promotes the terminal differentiation of

HMGECs, and that the combination of a hypoxia and AZM treatment has an additive effect.

In summary, we discovered that the MG is a hypoxic tissue, and hypoxia is beneficial for the
function of IHMGECs. Hypoxia may be a breath of fresh air for the treatment of MGD in
future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Glut-1 staining inhuman MGs. High intensity Glut-1 staining is found in human MG acini,

but not in the peripheral connective tissues. Data from one experiment are shown as a
representative of three independent repeats. Scale bar = 50 uM
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Pimo

Figure 2.
The correlation of pimo and Glut-1 staining in mouse MGs. High intensity staining of pimo

and Glut-1 is found in mouse MG acini. Pimo staining is found both in the nucleus and
cytoplasm, and Glut-1 staining shows a membranous pattern. Data from one experiment are
shown as a representative of three independent studies. Scale bar = 50 uM.
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Negative control

MG duct

LG

Figure 3.
Pimo staining of mouse MGs and LGs. Both the MG duct (arrows) and acini (notched

arrows) show high intensity of Pimo, as do the mouse SGs (* in B). LG shows no staining of
pimo. Data from one experiment are shown as a representative of three studies performed
under the same conditions. Scale bar = 5 pM.
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A. Human MGs B. Mouse MGs

Pimo

Figure 4.
The vasculature of human and mouse MGs. (A) CK14 (green) and vessels (red) staining in

human MGs. (B) Pimo (green) and vessels (red) staining in mouse MGs. The experiment
was repeated three times. Scale bar = 50 pM.
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Figure 5.
Effects of low O, on IHMGEC proliferation and differentiation. Low O, treatment did not

impact the cell growth (A) or the expression of PCNA (B). SREBP-1, but not Lamp-1,
expression is significantly increased in a hypoxic environment (C and D, t p<0.05,n =3
experiments). AZM with or without low O2 significantly increased the levels of Lamp-1
protein. (E, * p < 0.05, ** p< 0.01, n=3 experiments). DM = Differentiation Medium
(DMEM/F12 + 10% FBS). PM = Proliferation Medium (KSFM + EGF/BPE).
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Figure 6.
Influence of low O, on lipid and lysosome accumulation in IHMGECs. IHMGECs were

treated were cultured in normoxic (21% O,) and hypoxic (3% O,) conditions environments
in the presence or absence of AZM and then stained for neutral lipids (LipidTox Neutral
Green) and lysosomes (LysoTracker blue). (* p < 0.05, ** p < 0.01, *** p< 0.001, **** p <
0.0001, one-way ANOVA, n = 3 experiments). Inserts show a section of the LysoTracker
staining in black and white. Scale bar = 50 uM.
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Figure 7.
Impact of low O, on DNase Il activity and cell number in IHMGECs under differentiating

conditions. DNase Il activity is significantly increased by low O, treatment in both cell
lysate (A) and supernatant (B). Low O, also significantly decreased the cell number under
differentiating condition (C). DM = Differentiation Medium (DMEM/F12 + 10% FBS). (* p
< 0.05, *** p< 0.001, **** p < 0.0001, one-way ANOVA. f p < 0.05, t1 p < 0.01, two-tailed
t-test. n = 3 experiments)
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