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Abstract

Problem—Preterm birth (PTB) affects approximately 12% of pregnancies and at least 50% of 

cases have no known risk factors. We hypothesize that subclinical viral infections of the placenta 

are a factor sensitizing women to intrauterine bacterial infection. Specifically, we propose that 

viral-induced placental IFN-β inhibition results in a robust inflammatory response to low 

concentrations of bacteria.

Methods—Human trophoblast SW.71, C57BL/6, and interferon (IFN) receptor knockout animals 

were used to determine IFN function. Illumina and Bio-Rad microarrays identified pathways.

Results—Inhibiting the IFN-β pathway resulted in a significant increase in inflammatory 

cytokines such as IL-1B in response to LPS. Twist was positively correlated with IFN-β 
expression and STAT3 phosphorylation and over-expressing Twist reduced IL-1B. Treating 

IFNAR−/− mice with low-dose LPS at E15.5 caused preterm birth.

Conclusion—IFN-β was identified as a key modulator of placental inflammation and, 

importantly, is commonly affected by viruses. We propose dysregulation of IFN-β is a major 

determinant for preterm birth associated with polymicrobial infection.
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Introduction

Preterm birth (PTB), or birth before 37 weeks’ gestation, affects approximately 12% of 

pregnancies in the United States1–7 and approximately 70% of these cases are spontaneous 

PTB with intact membranes or premature rupture of the membranes (PPROM), often with 

unknown etiology.2,4,5,7–9 Spontaneous PTB is a leading cause of neonatal mortality 

resulting in an estimated 1 million neonatal deaths every year.4,6,8 Furthermore, surviving 

preterm children often suffer from fetal inflammatory response syndrome (FIRS) and sepsis 

during development, which may contribute to both short- and long-term sequelae, including 

intraventricular hemorrhage, lung disease, and abnormal neurodevelopment among other 

pathologies.9–15 Despite the severity and frequency of PTB and its numerous consequences, 

at least 50% of cases have no known risk factors and the PTB rates have increased over the 

last 30 years.2,5,7 A lack of progress in preventing and treating PTB is due, in part, to a lack 

of understanding of the underlying causes of the condition. For example, it is estimated that 

approximately 25% of spontaneous PTBs with intact membranes are associated with intra-

amniotic bacterial infection, with even higher rates specifically, in very early PTB,2,16 but 

these bacteria are often introduced months prior to birth during amniocentesis or by 

ascending from the lower reproductive tract over time; so, what finally triggers labor and 

why don’t antibiotics prevent PTB in most women?1

It is our working hypothesis that subclinical viral infections of the placenta are a factor 

sensitizing women to intrauterine bacterial infection or even to the placental microflora 

itself.17–19 Several types of viral genomes have been detected in the amnion of pregnant 

women, including cytomegalovirus (CMV),20 human papillomavirus,21 adenovirus, and 

enterovirus.22 Positive titers in the amnion have been associated with preterm labor, preterm 

PROM, low birth weight, and intrauterine death.22,23 Despite these associations, many term 

pregnancies are positive for viral genomes, just as normal pregnancies are positive for 

bacteria. Together, this suggests that bacteria or virus alone do not necessarily cause adverse 

pregnancy outcomes, which led us to develop the ‘two-hit hypothesis’. We propose a viral 

infection of the placenta (hit 1) changes the placental response to local microorganisms (hit 

2) and, therefore, increases the risk of an inflammatory response resulting in preterm birth.18

Our previous studies support this hypothesis; viral infection of the placenta in a murine 

model resulted in increased sensitivity to bacterial products.18,19 Specifically, all animals 

receiving LPS following viral infection experienced preterm birth associated with a placental 

‘cytokine storm’, while LPS alone caused preterm labor in only 20% of the animals.18,19 But 

how is viral infection changing the placental response to bacteria? Microarray analysis of 

placentas with and without viral infection indicated that type I interferons (IFN) were 

significantly downregulated by virus. Interferons are potent antiviral proteins that are 

targeted by a number of viruses, such as members of the herpes virus family, as a 

mechanism to evade immune recognition and cellular targeting.24–31 Interestingly, type I 

IFN also has important immunomodulatory functions: After binding its receptor, a signaling 

cascade is activated resulting in activation of inhibitory proteins.27,28 These act at the level 

of signal transduction of multiple inflammatory pathways and result in suppression of the 

immune response. Interestingly, placental extracts containing high concentrations of 

Racicot et al. Page 2

Am J Reprod Immunol. Author manuscript; available in PMC 2017 September 15.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



‘trophoblast interferon’ were used to treat inflammation historically, and presently purified 

type I IFN is used as an anti-inflammatory in patients with MS.32

These observations led us to propose type I IFN may be the protein/pathway targeted by 

viruses that could be affecting the placental inflammatory response to bacterial products. 

Specifically, we hypothesize that when a virus infects the placenta, it inhibits IFN; this 

results in a change in placental immune regulation resulting in a robust inflammatory 

response to even very low concentrations of bacteria. The objectives of this study were to 

define the mechanism of virus-induced placental sensitivity to bacteria via downregulation 

of type I IFN and evaluate whether loss of IFN results in sensitization to bacteria and 

preterm birth.

Materials and methods

MHV68 Production and Quantification

MHV68 was passaged in NIH3T3 cells with DMEM-10% FBS. Supernatants were 

harvested, filtered (0.45 uM pore), and tittered by twofold serial dilutions on NIH3T3. Viral 

titers in mouse tissues and cells were determined as previously described.33 In short, tissues 

were homogenized and approximately 25 mg of tissue from the reproductive tract or 10 mg 

of spleen was cut into small pieces and added to lysis buffer supplemented with proteinase 

K. Samples were incubated at 56°C with shaking for 4–6 hr as recommended for the 

DNeasy blood and tissue kit (Qiagen, Valencia, CA, USA). Cells from culture were lysed 

with the same buffer and vortexed at room temperature. All samples were then processed 

according to the DNeasy protocol. DNA concentration and purity were assessed using 

spectrophotometric analyses. About 100 ng total DNA was then assayed using primers 

directed against MHV68 ORF53 and compared to a standard curve created using serial 

dilutions of purified virus. Results are reported as copies per 100 ng DNA.

Animals

All animals were maintained in the Yale University School of Medicine Animal Facility 

under specific pathogen-free conditions. All procedures were approved by the Yale 

University Institutional Animal Care and Use Committee and used between 6 and 10 mice. 

The IFNAR−/− and C57BL/6 mice were obtained from the Jackson Laboratory (Bar Harbor, 

ME). The IFNAR−/− (B6.129S2-Ifnar1tm1Agt/Mmjax) were backcrossed onto C57bl/6J for 3 

generations. The genotyping protocol is described for stock number 32045-JAX through 

Jackson Laboratories; primers = Common (9850): 5′-CGAGGCGAAGTGGTTAAAAG-3′; 

Wild-type reverse (9851): 5′-ACGGATCAACCTCATTCCAC-3′; Mutant (oIMR8963): 5′-

AATTCGCCAATGACAAGACG-3′.

LPS Treatment (Animals)

Adult mice (8–12 wks of age) with vaginal plugs were injected with low-dose LPS (20 

ug/kg, 0111: B4; Sigma, Saint Louis, MO) in sterile water, i.p. at E15.5 then monitored for 

48 hr to determine whether preterm labor occurred. Preterm labor was defined as birth of 

100% of fetuses before E18.5.
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Cell Culture

Immortalized human trophoblast Sw.71 cells or primary first-trimester trophoblasts were 

cultured in DMEM/F12 with 10% FBS under 5% CO2 at 37°C. For viral infections, MHV68 

(3 × 106 pfu/mL) was added for 30 min, washed, and then cells were maintained in DMEM/

F12-10%FBS. For IRF3 blocking experiments, cells in DMEM/F12 1% FBS were treated 

with 100 nM BX795 (Selleckchem, Houston, TX) for 1 hr, followed by treatment with 1 

ug/mL ultrapure LPS (0111:B4; Sigma) and collected 24 hr after LPS. For Twist 

overexpression, Sw.71 was treated with MHV68 followed by LPS as previously described, 

to induce inflammation. Twenty-four hours preceding LPS, 500 ng of the constitutive 

mammalian overexpression plasmid (Invitrogen, Grand Island, NY) containing human 

Twist, pcDNA3-h-Twist, was added in association with 2 uL Lipofectamine 2000 reagent in 

Opti-MEM (Invitrogen). After 4 hr, cells were replenished with DMEM/F12 10% overnight, 

followed by addition of LPS for 24 hr. Controls were treated with pcDNA3 empty plasmid 

replacing pcDNA3-h-Twist.

RNA Extraction, cDNA Synthesis, and qPCR

RNA was extracted using the RNeasy kit (Qiagen). RNA concentration and purity were 

assessed using spectrophotometric analyses of 260/280 ratios, and only samples with values 

of 1.8 or higher were used for PCR analysis. One microgram of RNA was reverse 

transcribed for each sample using oligo-(d)T priming and SuperScript II reverse 

transcriptase (Invitrogen). Syber (KAPA Biosystems, Wilmington, MA) and gene-specific 

primers were added to the RT reactions that were diluted 1:10 with nuclease-free water and 

run on the CFX96, C1000 system qPCR machine (Bio-Rad, Hercules, CA). No RT controls 

and no template controls were used to confirm specificity. Values were normalized to 

GAPDH and calculated with delta-delta Ct method: delta-delta Ct = delta Ct treated- delta Ct 

control; results expressed as fold differences are 2−(average delta−delta Ct) for negative delta

−delta Ct values or −(2[average delta−delta Ct]) for positive delta-delta Ct values.

Cytokine Detection

Evaluation of cytokines and chemokines in tissue samples and cell culture supernatants was 

performed using a custom Bio-Plex kit (Bio-Rad). Wells of a 96-well plate were loaded with 

either 50 µL of prepared standard solution or 50 µL of cell-free supernatant and incubated 

with a custom Bio-Plex Pro™ human 17-plex (Bio-Rad) at ±800 rpm for 30 min in the dark 

at room temperature. Wells were then vacuum-washed three times with 100 µL wash buffer. 

Samples were then incubated with 25 µL of biotinylated detection antibody at ±800 rpm for 

30 min at room temperature in the dark. After three washes, 50 µL of streptavidin-

phycoerythrin was added to each well and incubated for 10 min at ±800 rpm at room 

temperature in the dark. After a final wash, the beads were resuspended in 125 µL of sheath 

buffer for measurement with the LUMINEX 200 (LUMINEX, Austin, TX, USA).

Western Blot Analysis

Thirty micrograms of total protein was separated using SDS–PAGE at a constant 100V for 

approximately 2 hr. Following transfer to nitrocellulose membranes (Protran, 0.2 µM, 

Schleicher & Schuell, Keene, NH, USA) at a constant 100 V for 90 min, non-fat milk 
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(NFM) (5%) was used to block (Fisher Scientific, Pittsburgh, PA), and immunoblotting was 

performed with a 1:1000 dilution of primary antibodies in 2% NFM at 4°C overnight. 

Antibodies were Twist1/2 (SC-81417; Santa Cruz, Dallas, TX), IRF3 (D83B9; Cell 

Signaling, Danvers, MA), IRF3-pSer396 (4D4G; Cell Signaling), STAT3 (124H6; Cell 

Signaling), STAT3-pY705 (9131S; Cell Signaling, Rockford, IL), and beta-actin (Cell 

Signaling). A 1:10,000 dilution of goat anti-rabbit or goat anti-mouse IgG-horseradish 

peroxidase conjugate (Pierce, Waltham, MA) was added for 1 hr, and Western Lighting Plus 

(PerkinElmer, Waltham, MA, USA) was used for detection of proteins.

Statistics

Differences between means (three groups or more) were determined using analysis of 

variance and differences between two groups were analyzed using independent t-test 

functions of GraphPad inSTAT statistical software (La Jolla, CA). A P-value of ≤0.05 was 

considered significant, and data are presented as mean ± standard error of the mean 

(S.E.M.).

Results

Interferon-Beta (IFN-β) is Downregulated in Trophoblast Cells Infected with MHV68

To determine the potential mechanism by which viral infection affects the trophoblast 

response to bacterial products, gene arrays were used to identify differentially expressed 

genes between human firsttrimester trophoblast Sw.71 cells with and without viral infection. 

Viral infection significantly decreases IFN-β mRNA and several IFN-regulated genes such 

as CXCL11, vascular cell adhesin molecule 1, and C-reactive protein (Fig. 1a). Viral 

inhibition of IFNβwas confirmed in independent experiments with Sw.71 and mouse 

placenta at E15.5. (Fig. 1b,c). Furthermore, phosphorylation of IRF3, the transcription factor 

responsible for IFN-β expression, was significantly decreased in trophoblast infected with 

MHV68 compared to non-infected cells (Fig. 1d).

Mice Lacking the Type I IFN Receptor have Increased Placental Pro-Inflammatory 

Cytokines in Response to Low-Dose LPS and Higher Rates of Preterm Birth

We previously determined that MHV68 infection increased the placental inflammatory 

response to LPS.18 As interferon-β can function as an immune modulator,28 we 

hypothesized that MHV68 enhanced placental inflammation in response to LPS by 

inhibiting IFN-β in these cells. Therefore, we evaluated the placental inflammatory response 

to LPS, in vivo, using pregnant mice lacking the type I IFN receptor (IFNAR−/−) compared 

to pregnant WT animals. The placentas from IFNAR−/− mice had increased IL-1β and TNF-

α protein in response to LPS, while WT controls had no inflammatory response to the same 

concentration of endotoxin (Fig. 2a,b). Furthermore, over 60% IFNAR−/− mice suffered 

preterm birth in response to low-dose LPS, while 90% LPS-treated WT mice went to term 

(Fig. 2c).

Lipopolysaccharide Induces IFN-β in Trophoblast Cells

TLR4 ligation by LPS in the trophoblast was characterized by the production of IFN-related 

chemokines, including RANTES and IP-10 (Fig. 3a,b) but not NF-κB-related inflammatory 
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cytokines TNF-α and IL-12 (Fig. 3c). To determine whether the production of RANTES and 

IP-10 was associated with the expression of type I IFN-β, we treated trophoblast cells with 

increasing concentrations of LPS and observed a dose-dependent induction of IFN-β 
expression by LPS at 4 hr after treatment (Fig. 3c).

Type I IFN Affects TLR4 Regulation of Pro-Inflammatory Cytokines in Human Trophoblast 

Cells

To test whether IFN-β regulated the inflammatory response to LPS in trophoblast cells, Sw.

71 were treated with LPS alone or BX795, an inhibitor of IRF3 phosphorylation (pIRF3), 

followed by LPS. Treatment with BX795 resulted in loss of phosphorylated IRF3 (Fig. 4a). 

Interestingly, LPS induced a significant increase in secretion of pro-inflammatory cytokines 

IL-6 and IL-1β only in trophoblast cells pre-treated with the IRF3 inhibitor (Fig. 4b) 

suggesting IFN-β modulates the trophoblast inflammatory response to LPS.

The NF-κB Pathway is Functional in the Cytoplasm of the Trophoblast

We next investigated the potential mechanism of IFN-dependent regulation of these pro-

inflammatory cytokines. The proteins we identified to be inhibited by IFN-β, IL-6, TNF-α, 

and IL-1β can all be regulated by NF-κB; therefore, we evaluated whether the NFκB 

pathway was functional in the trophoblast. Treatment of trophoblast cells with LPS or TNF-

α was able to induce IKB-α degradation (Fig. 5a) and nuclear translocation of NF-κB 

effector, p65 (Fig. 5b); however, as shown above, we did not observe the expression of 

several pro-inflammatory cytokines typically regulated by these factors. These results 

demonstrated that the NF-κB pathway was functional; therefore, we postulated there must 

be inhibition at the level of gene expression.

MHV68 and Type I IFN Regulate STAT3 and Twist1

To determine how IFN regulates pro-inflammatory gene expression, we identified two 

transcription factors downregulated by MHV68 in the trophoblast, STAT3, and Twist1 (Fig. 

6a). To test whether the downregulation was due to viral inhibition of IFN, we inhibited 

pIRF3 with BX795 in Sw.71 cells and confirmed that, again, pSTAT3 and Twist were 

downregulated (Fig. 6b). On the other hand, inhibiting pSTAT3 with Simvistatin did not 

affect pIRF3 showing pIRF3 is upstream of pSTAT3 (Fig. 6c).

Twist1 Overexpression Downregulates IL-1β in Sw.71 Trophoblast Cells

We next determined whether Twist1, which was regulated by viral infection and IFN, could 

indeed regulate inflammatory cytokines in the trophoblast. Sw.71 cells were transfected with 

a constitutive overexpression construct encoding the full-length sequence of human Twist1 

(pcDNA-Twist1) and then infected with MHV68 followed by exposure to LPS (1 µg/mL) for 

24 hr. The combination of MHV68 and LPS was previously shown to induce an 

inflammatory response in Sw.71 cells; therefore, we sought to determine whether Twist 

overexpression could decrease this response. The supernatants from the treatment and 

plasmid control cells were analyzed for IL-1β protein, and as shown in Fig. 6b, Twist 

overexpression significantly decreased IL-1β (Fig. 7).
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Discussion

Here, we demonstrate that placental IFN-β is an immune-regulator during pregnancy 

controlling trophoblast responses to bacterial products. We found that viral inhibition of the 

trophoblast IFN pathway inadvertently disabled the tight regulation of TLR4-mediated 

inflammatory responses, promoting a pro-inflammatory response to bacteria and increased 

risk for preterm birth in a mouse model of pregnancy.

The immunomodulatory functions of type I IFNs have been previously defined.26,28 Studies 

in the 1970s and 1980s first identified type I IFNs had anti-inflammatory activity when 

treatment reduced footpad swelling in murine models of inflammation.34 Since then multiple 

animal models have demonstrated IFN’s anti-inflammatory functions including LPS-induced 

sepsis,26,35 colitis models36 and other experimental models of autoimmune disease.37 

Furthermore, several anti-inflammatory mediators downstream of IFN have been identified, 

including STAT proteins,38 TAM receptors,39 and numerous histone modifiers.40 

Interestingly, only limited tissues benefit from the anti-inflammatory properties of type I 

IFNs. Here, we determined that IFN is downstream of TLR4 activation and it modulates the 

TLR4 pro-inflammatory response to LPS in human trophoblast cells. Furthermore, loss of 

IFN signaling in pregnant mice alone did not cause preterm labor, but these animals were 

more sensitive to low-dose LPS, which induced placental inflammation in all animals after 

24 hr and preterm birth in 50% of the dams. This suggests that, alone, loss of IFN will not 

cause an inflammatory response, but will make the cells more responsive to bacterial 

challenge. This finding has increased relevance since recent work has confirmed that women 

have a complex network of commensal bacteria at the maternal–fetal interface. This means a 

woman with a placental viral infection that downregulates IFN could experience heightened 

inflammation in the presence of local microbes that normally do not elicit a response.

It has been postulated that the tissue-specific function of IFN depends on the ratio and/or 

expression of STAT1 versus STAT3,38,41,42 expression of TAMs,39,43 or the presence of 

cofactors required for transcription of anti- or pro-inflammatory cytokines. Interestingly, in 

the trophoblast, we observed a significant decrease in STAT3 phosphorylation as result of 

viral infection or inhibition of IRF3/IFN. We also found the basic helix–loop–helix 

transcription factor, Twist1, was constitutively expressed in the trophoblast and was 

inhibited by viral infection, inhibition of IFN-β, and inhibition of STAT3. Therefore, viral 

infection inhibits IFN, which causes decreased activation of STAT3, which is upstream of 

the transcriptional mediator, Twist1.

Twist1 regulates gastrulation and mesoderm differentiation during embryonic 

development,44 epithelial–mesenchymal transition (EMT)45 and regulates the expression of 

cytokine genes during inflammation.46 Mice deficient for Twist1 and Twist2 succumb to 

severe systemic inflammation suggesting an important role for Twist1 in the regulation of 

the inflammatory process.46 Twist1 is known to regulate the NF-κB pathway through either 

the induction of microRNAs45 or by inhibiting at the transcriptional level.46,47 Therefore, we 

postulated that virus-induced loss of Twist1 could result in the pro-inflammatory response to 

LPS. Indeed, when we overexpressed Twist1 in trophoblast cells, it was able to reduce the 

expression of IL1-β, an NF-κB-dependent pro-inflammatory cytokine. These data suggested 
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that Twist1 expression and function are associated with the modulation of TLR4 responses 

to LPS and are under the control of IFN-β; however, we cannot disregard the role of 

additional transcriptional factors such as HDACs, which may also influence the function of 

NF-κB in trophoblast cells.

In conclusion, our data reveal an active mechanism regulating the inflammatory response to 

bacteria by the trophoblast. Its complexity ensures the protection of the pregnancy by 

preventing an inflammatory response to non-pathogenic or low abundance bacterial 

colonization. However, viral infections target this pathway and consequently affect the 

normal homeostasis between the placenta and its normal flora, resulting in a switch to a pro-

inflammatory response and, potentially, preterm labor.
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Fig. 1. 
Herpes virus infection suppresses IFN-β in trophoblast cells and the murine placenta. IFN-β 
mRNA and several IFN-regulated genes were downregulated in Sw.71 infected with murine 

gammaherpesvirus 68 (MHV68, 3 × 106 pfu/mL) for 24 hr as measured by qPCR array (a). 

IFN-β was confirmed to be downregulated in Sw.71 at 24, 48, and 72 hr post-infection, and 

IFN-β mRNA expression was decreased in the placentas of C57BL/6J mice infected with 

MHV68 at E8.5 and collected at E15.5 (b, c). Viral infection decreased IRF3 

phosphorylation in Sw.71 cells 24 hr post-infection (d). Bar graph presents mean ± S.E.M. 

(*P < 0.05).
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Fig. 2. 
Loss of IFN signaling causes enhanced placental inflammation and preterm labor in a 

murine model of pregnancy. Wild-type (WT) and IFN receptor knockout (IFNAR−/−) mice 

were injected with low-dose LPS (20 µg/kg) intraperitoneally at E15.5. Placental TNF-α and 

IL-1β were significantly increased in IFNAR−/− mice 24 hr post-LPS (a, b) and over 60% of 

IFNAR−/− mice delivered preterm while there was less than 10% preterm birth following 

LPS in WT mothers (c). (n = 6). *P < 0.05
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Fig. 3. 
Lipopolysaccharide regulates IFN-β in Sw.71 trophoblast cells. Sw.71 cells were incubated 

with sterile PBS or LPS (1 µg/mL) for 48 hr, and RANTES and IP-10 secretions were 

quantified in conditioned medium (a, b). There was a dose-dependent increase in IFN-β 
mRNA 4 hr post-LPS treatment (c). This is representative of 3 independent experiments. Bar 

graph presents mean ± S.E.M. (*P < 0.05; **P < 0.001).
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Fig. 4. 
Inhibition of IFN-β sensitizes trophoblast cells to LPS. Sw.71 was pre-treated with sterile 

PBS or TBK1 inhibitor (BX-795) for 2 hr, followed by sterile PBS or LPS (1 µg/mL) for 48 

hr. BX795 inhibited IRF3 phosphorylation (a) and removed inhibition of the cytokine 

response to LPS (b). This is representative of three independent experiments. Bar graph 

presents mean ± S.E.M. (*P < 0.05; **P < 0.001; ***P > 0.05).
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Fig. 5. 
NF-κB active subunit can enter the nucleus of Sw.71 cells following TNF-α treatment. TNF-

α or LPS treatment for 15, 30, 60, or 180 m caused a downregulation of the NF-κB inhibitor 

IκBα in Sw.71 cells (a). Treatment also induced nuclear translocation of the NF-κB active 

subunit, p65, in Sw.71 cells (arrows, b).
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Fig. 6. 
Herpes infection and type I IFN regulate the transcription factors STAT3 and Twist1 in 

trophoblast cells. MHV68 infection inhibits phosphorylation of IRF3 and STAT3, and 

expression of Twist1 in Sw.71 cells (a). BX795 inhibition of IRF3 also results in decreased 

phosphorylation of STAT3 and Twist1 expression, suggesting virus mediates these factors 

through inhibition of IRF3 (b). Inhibition of STAT3 phosphorylation with simvastatin does 

not affect IRF3 phosphorylation, suggesting STAT3 is regulated by IRF3, not vice versa (c).
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Fig. 7. 
Twist1 regulates IL-1β in Sw.71 cells. Sw.71 cells were treated with a control plasmid or a 

plasmid overexpressing Twist1, followed by treatment with MHV68 and LPS, which 

together causes secretion of IL-1β. Overexpressing Twist1 in Sw.71 cells was able to 

decrease the secretion of IL-1β. *P < 0.05
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