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Abstract Background/purpose: Oral squamous cell carcinoma (OSCC) often recurs and has

poor clinical outcomes, partly attributable to subpopulations that develop resistance to 5 fluo-

rouracil (5FU). Elucidating how these resistant clones emerge and drive tumour aggressiveness

is essential for improving OSCC treatment approaches.

Materials and methods: To establish 5FU-resistant cells, SCC25 cells were repeatedly exposed

to 5FU, and single-cell clones were subsequently isolated using a microfluidic system. Three
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Microfluidic single-

cell isolation;

3D spheroid culture

subclones-Holoclone, Meroclone, and Paraclone-were evaluated for their 5FU responses,

expression of drug-efflux pumps (ABCB1, ABCG2), and resistance in three-dimensional (3D) cul-

tures. Their levels of cancer stem cell (CSC) markers (OCT4, SOX2, CD44, CD133) and epithelial

—mesenchymal transition (EMT) markers (E-cadherin, Vimentin, Twist) were also examined. In

addition, Transwell assays were performed to assess migration and invasion.

Results: Compared with parental SCC25 cells, the three subclones exhibited markedly higher

resistance to 5FU under 3D spheroid conditions, concurrent with upregulated ABCB1 and

ABCG2 expression. All three subclones showed enhanced sphere-forming capacity and

increased OCT4 and SOX2 levels, consistent with higher proportions of CD44þ/CD133þ cells.

Moreover, Holoclone, Meroclone, and Paraclone each displayed reduced E-cadherin alongside

elevated Vimentin, and Twist, characteristic of EMT. Transwell assays confirmed increased

migration and invasion, with Holoclone and Paraclone exhibiting particularly pronounced ef-

fects.

Conclusion: Extended 5FU treatment in OSCC selects for distinct subclones that exhibit CSC-

like traits and EMT-related motility, promoting robust chemoresistance and heightened malig-

nancy. These findings emphasise the importance of developing comprehensive therapeutic

strategies that simultaneously target drug-efflux mechanisms, CSC markers, and EMT pathways

to more effectively control OSCC progression.

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Oral squamous cell carcinoma (OSCC) ranks among the most

common malignancies of the head and neck, posing a

considerable global health burden. Although surgical tech-

niques, radiotherapy, and chemotherapy have evolved,

many patients still experience local or distant recur-

rence.1,2 5 fluorouracil (5FU), often in conjunction with

other agents such as taxanes, remain a mainstay of OSCC

treatment. However, both intrinsic and acquired resistance

frequently diminish their effectiveness, leading to subop-

timal clinical outcomes.3,4

Multiple processes are implicated in chemotherapy

resistance. In addition to well-characterised genetic mu-

tations,5,6 emerging evidence points to non-genetic fac-

tors,7,8 dynamic protein—protein interactions,9,10 and

epithelial—mesenchymal transition (EMT)11—13 in modu-

lating tumour cell survival under drug-induced stress. This

cellular plasticity enables certain subsets of cancer cells to

transition between epithelial and mesenchymal states,

driving metastasis, cancer stem cell (CSC)-associated

stemness, and treatment resistance.14,15 Notably, CSCs

identified by markers such as CD44,6,16, CD133,17,18

OCT4,19,20 and SOX221,22 are strongly correlated with ther-

apeutic failure and tumour relapse.22,23

In this study, we established a comprehensive platform

that integrates microfluidic single-cell isolation,24—26 three-

dimensional (3D) spheroid culture,9,27,28 and enriched 5FU

resistant of SCC25 OSCC cells. We isolated phenotypically

distinct subclones-Holoclone, Meroclone, and Paraclone29,30-

that exhibited differing morphologies and drug sensitivities.

We then investigated the expression of drug-efflux trans-

porters (ABCB1, ABCG2),31 CSC-related markers (OCT4,

SOX2, CD44, CD133), and EMT markers (E-cadherin,

N-cadherin, Vimentin, Twist). Their migratory and invasive

properties were also assessed in vitro.

Our findings underscore the considerable heterogeneity

of 5FU-resistant OSCC subclones and the pivotal roles of

both CSC-associated and EMT-related pathways in shaping

chemotherapy resistance. By focussing on adaptive changes

at the single-cell level, this work provides new perspectives

for developing targeted therapies that confront not only

specific mutations but also the dynamic phenotypic shifts

that drive disease progression.

Materials and methods

Cell culture and reagents

SCC25 human OSCC cells (American Type Culture Collec-

tion, ATCC) were maintained in Dulbecco’s Modified Eagle

Medium/Ham’s F-12 (DMEM/F-12) supplemented with 10 %

foetal bovine serum (FBS) and 1 % penicillin—streptomycin

at 37 �C in a 5 % CO2 atmosphere. Stock solutions of 5

fluorouracil (Sigma—Aldrich, St. Louis, Missouri, USA) were

prepared in sterile dimethyl sulphoxide (DMSO). All re-

agents were of analytical grade.

Generation of 5FU-resistant SCC25 subclone

To emulate clinical chemotherapy regimens more closely, a

pulse-exposure approach was adopted. Initially, SCC25 cells

were treated with 5FU at its half-maximal inhibitory con-

centration (IC50) for 24 h, reflecting typical clinical infusion

durations. The cells then underwent a 2—3-week recovery

period in standard culture conditions, growing to approxi-

mately 80 % confluence before the next treatment. This
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cycle was repeated three times, resulting in a stably 5FU-

resistant SCC25 cell population. By mirroring cyclical

chemotherapy in patients, this in vitro model provides a

more realistic platform for investigating chemoresistance

mechanisms and assessing potential therapeutic in-

terventions for oral squamous cell carcinoma.

Single-cell isolation and clonal expansion

A microfluidic-based single-cell sorting device (CellGem®;

OriGem Biotech Inc., Taichung, Taiwan) was used to isolate

individual cells from the 5FU-resistant SCC25 pool. A sus-

pension of 1 � 106 cells/mL was loaded onto the chip, where

microwells facilitated single-cell capture.26 Excess cells

were removed by gentle washing, and the chip was incu-

bated at 37 �C to enable clonal expansion. Over a 10—14 day

period, colonies arising from single cells were tracked and

categorised according to established keratinocyte-based

morphological criteria (Holoclone, Meroclone, Paraclone).

Individual clones were then retrieved and cultured further in

flasks for downstream analyses.

3D spheroid culture

For three-dimensional growth, we employed a scaffold-free

microfluidic system (CellHD256®; OriGem Biotech Inc.,

Taichung, Taiwan) equipped with microwells. Typically,

1 � 103 cells in 100 μL of medium were dispensed into each

well. Following a brief settling period, 450 μL of fresh

medium was carefully added, and the chip was placed

under standard culture conditions for 96 h to allow spheroid

formation. Spheroid size and morphology were examined

every 24 h using phase-contrast microscopy.

Reverse-transcription quantitative PCR (RT-qPCR)

Total RNA was extracted using TRIzol reagent (Invitrogen,

USA). One microgram of RNA was reverse-transcribed into

cDNA (Applied Biosystems, Foster, CA, USA), and RT-qPCR

was performed using a SYBR Green detection system on a

StepOnePlus Real-Time PCR instrument (Applied Bio-

systems). GAPDH served as an internal reference. Relative

expression levels of ABCB1, ABCG2, OCT4, SOX2, CD44, and

CD133 were determined by the ΔΔCt method. Details of

primer sequences and reagents are provided in Table 1.

Western blot analysis

Cell lysates were prepared in RIPA buffer and quantified

using the bicinchoninic acid (BCA) assay (Thermo Fisher

Scientific, Waltham, MA, USA). Equal amounts of protein

(30—50 μg) were separated by 8—12 % SDS-PAGE, trans-

ferred onto polyvinylidene fluoride (PVDF) membranes, and

blocked with 5 % non-fat milk for 1 h. Primary antibodies

against ABCB1, ABCG2, OCT4, SOX2, E-cadherin, N-cad-

herin, Vimentin, and Twist (see Table 2 for details) were

applied overnight at 4 �C, followed by incubation with HRP-

conjugated secondary antibodies. Signal detection

employed an enhanced chemiluminescence substrate, and

β-actin was used as the loading control.

Flow cytometry for CSC markers

Subclones were dissociated with trypsin—EDTA, washed in

PBS, and adjusted to a concentration of 1 � 106 cells/mL.

After blocking in 2 % bovine serum albumin, the cells were

incubated with FITC- or PE-conjugated antibodies against

CD44 and CD133 (Table 2) for 30 min at 4 �C. Samples were

then washed and analysed on a BD FACalibur flow cytome-

ter (BD Biosciences, Milpitas, CA, USA). Data were pro-

cessed using FlowJo or equivalent software.

Migration and invasion assays

Cell migration and invasion were assessed using Transwell

chambers (8-μm pore size; Corning®, NY, USA). For

Table 1 Detailed list of primers used.

Oligo Title Sequences (5’ to 3’) Amplicon Size

GAPDH (Reference Gene) qFP -AAGGTGAAGGTCGGAGTCAA 314 bp

qRP -AATGAAGGGGTCATTGATGG

MDR1 qFP -ATTCCTCGAGAAACTGCGAA 150 bp

qRP -TCACTTCAGGCAACCAG

ABCG2 qFP -CTGAGATCCTGAGCCTTTGG 122 bp

qRP -TGCCCATCACAACATCATCT

SOX2 qFP -GGCAGCTACGCATGATGCAGGAGC 150 bp

qRP -CTGGTCATGGAGTTGTACTGCACG

OCT-4 qFP -CGCACCACTGGCATTGTCAT 247 bp

qRP -TTCTCCTTGATGTCACGCAC

E cadherin qFP - CGCATTGCCACATACACTCT 252 bp

qRP - TTGGCTGAGGATGGTGTAAG

Vimentin qFP - GAGCTGCAGGAGCTGAATG 344 bp

qRP - GGTCAAGACGTGCCAGAG

Twist qFP - ACGAGCTGGACTCCAAGATG 484 bp

qRP - GGCACGACCTCTTGAGAA TG

Abbreviation: GAPDH � Glyceraldehyde 3-phosphate dehydrogenase; MDR1 � Multidrug Resistance 1; ABCG2 � ATP binding cassette

subfamily G member 2; SOX2 � SRY-Box Transcription Factor 2; OCT-4 � octamer-binding transcription factor 4.
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migration assays, 1 � 105 cells in serum-free medium were

placed in the upper chamber, while the lower chamber was

filled with medium containing 10 % FBS as a chemo-

attractant. After 24 h, non-migratory cells were removed,

and cells that had traversed to the underside were fixed,

stained with haematoxylin, and counted in five randomly

chosen fields. Invasion assays followed a similar protocol

but used a 1:2 Matrigel:medium coating on the membrane,

with a 24-h incubation. This setup allows straightforward

comparisons of each cell population’s invasive potential.

Statistical analysis

All data are expressed as mean � standard deviation, based

on at least three independent experiments. Statistical an-

alyses were conducted using GraphPad Prism (v10, Graph-

Pad Software Inc., La Jolla, CA, USA). Differences between

two groups were evaluated with a two-tailed Student’s t-

test, while one-way analysis of variance (ANOVA) with

Tukey’s post hoc test was used for multiple comparisons. A

P-value <0.05 was regarded as statistically significant.

Results

Generation and morphological characterisation of

5FU-resistant subclones via microfluidic single-cell

isolation

Repeated treatment of SCC25 cells with 5FU at its IC50

concentration successfully generated a drug-resistant

population, confirming the utility of this selective pres-

sure for modelling therapeutic resistance. Morphologically,

these resistant cells differed from their parental counter-

parts (Fig. 1A), indicative of enhanced migratory or

mesenchymal characteristics.

To explore subclonal variation within this resistant

population, we employed a microfluidic single-cell isolation

platform that allowed individual cells to be cultured in

separate microwells under uniform conditions. After 10—14

days, three distinct colony types emerged: Holoclone,

Meroclone, and Paraclone (Fig. 1B). Holoclones appeared as

densely packed, smooth-edged colonies with high self-

renewal potential, whereas Paraclones produced loosely

organised, flattened colonies indicative of a more differ-

entiated phenotype. Meroclones combined features of both

extremes, forming partially compact and partially

dispersed colonies. Thus, prolonged 5FU exposure not only

induces widespread chemoresistance but also enriches

distinct subpopulations within the same cell line. Further-

more, microfluidic-based single-cell expansion clarifies how

heterogeneous responses to 5FU can arise and persist.

Identifying these subclones may ultimately guide more

targeted therapeutic strategies aimed at eradicating both

highly proliferative, stem-like cells and more differentiated

populations that drive tumour progression.

Distinct 5FU responses under 3D culture conditions

reflect subclonal heterogeneity and drug efflux

mechanisms

Next, we investigated multiple drug resistant associated

gene and protein. RT-qPCR and Western blotting analyses

demonstrated marked upregulation of ABCB1 and ABCG2 in

Holoclone and Paraclone (Fig. 2 A and B, P < 0.01), high-

lighting an increased capacity for drug efflux. By contrast,

Meroclone exhibited only modest changes in these trans-

porters, implying that alternative mechanisms (e.g.,

enhanced DNA repair or altered apoptotic pathways) might

be at play.

Three-dimensional (3D) spheroid assays revealed that all

subclones exhibited greater drug tolerance compared to

two-diamensional (2D) cultures (Fig. 2C, P < 0.01), under-

scoring the influence of the microenvironment on chemo-

resistance. Even so, Holoclone and Paraclone retained

notably high viability under drug concentrations that

significantly reduced parental spheroid growth, suggesting

that their efflux capabilities and/or stem-like features

confer substantial resilience. Collectively, these findings

emphasise the challenge posed by heterogeneous tumour

subpopulations, as they demonstrate distinct survival

mechanisms. Furthermore, the discrepancies between 2D

and 3D assay outcomes underscore the critical role of

tumour architecture in resistance, reinforcing the necessity

for combination strategies that target multiple resistance

pathways.

Table 2 Detailed list of primary antibodies used.

Antibody name Clone Dilute WB/Flow/IHC Company

MDR-1 Rabbit pAb (GTX108370) 1:1000 Gene Tex, USA.

ABCG2 Rabbit pAb (GTX100437) 1:1000 Gene Tex, USA.

OCT4 Rabbit pAb (GTX101497) 1:500 Gene Tex, USA.

SOX2 Rabbit pAb (bs0523R) 1:500 Bioss Antibodies, USA.

PE-CD44 Mouse mab (338807) 1:100 BioLegend, USA.

PE-CD133 Mouse mab (393903) 1:50 BioLegend, USA.

E-cadherin Rabbit pAb (GTX100443) 1:1000/1:300 Gene Tex, USA.

Vimentin Rabbit pAb (GTX100619) 1:1000/1:500 Gene Tex, USA.

Twist Rabbit pAb (GTX127310) 1:500 Gene Tex, USA.

b-actin Mouse mab (ab213262) 1:3000 Abcam, UK

Abbreviation: MDR1 � Multidrug Resistance 1; ABCG2 � ATP binding cassette subfamily G member 2; OCT-4 � octamer-binding

transcription factor 4; SOX2 � SRY-Box Transcription Factor 2; PE-CD44 � Phycoerythrin - cluster of differentiation 44; PE-

CD133 � Phycoerythrin - cluster of differentiation 133.
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Assessment of CSC-like properties in 5FU-resistant

OSCC subclones

To elucidate the molecular basis of these cancer stem cell

(CSC)-like features, we investigated whether our three

subclones possessed such properties. In accordance with

the existing literature, which suggests that drug-resistant

tumour cells frequently exhibit CSC-like attributes, we

performed the expression of the core pluripotency factors

SOX2 and OCT4 at both the mRNA and protein levels. Hol-

oclone and Paraclone showed markedly elevated expression

of these stemness-related genes, while Meroclone exhibi-

ted comparatively lower levels, and the parental

SCC25 cells expressed minimal or negligible amounts

(Fig. 3A and B, P < 0.01).

We further evaluated flow cytometric analysis of the

established CSC markers CD133 and CD44 in both the

parental SCC25 cells and each subclone. The parental

Figure 1 Establishing Drug-Resistant Subclones. Repeated treatment of SCC25 cells with 5FU at IC50 concentrations generated a

drug-resistant subpopulation characterized by spindle-like (red arrow), irregular (yellow arrow), or round (green arrow) mor-

phologies, in contrast to the parental cells (A). A microfluidic single-cell culture platform was used to isolate individual cells, which

were then cultured for 10-14 days. Based on colony morphology, three distinct types emerged: Holoclones (compact colonies with

smooth edges and high self-renewal potential), Meroclones (exhibiting both compact and dispersed cell arrangements), and Par-

aclones (loose, flattened colonies indicative of a more differentiated phenotype) (B). Scale bars 1mm and 500 μm.
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SCC25 cells displayed fewer than 50 % CD133þ/CD44þ pop-

ulations, whereas all three subclones demonstrated CD133

expression exceeding 99 %. With respect to CD44 levels,

Holoclone showed the highest expression, followed by Par-

aclone and then Meroclone (Fig. 3C). Collectively, these

findings confirm that Holoclone and Paraclone harbour

stronger CSC-like characterics, underscoring their potential

relevance to chemoresistance and tumour progression.

Differential EMT marker expression and increased

invasiveness in SCC25 subclones

In this study, we utilised the SCC25 oral squamous cell

carcinoma cell line to isolate three distinct subclones-

Holoclone, Meroclone, and Paraclone-and investigated the

expression of epithelial—mesenchymal transition (EMT)

markers (E-cadherin, Vimentin) and the transcription factor

Twist. Through RT-qPCR and Western blot analyses, we

observed that E-cadherin levels were highest in the

parental SCC25 cells, followed by Meroclone, whereas

Holoclone and Paraclone both exhibited reduced E-cad-

herin expression. In contrast, Vimentin was upregulated in

Holoclone, Meroclone, and Paraclone, but remained

comparatively low in the parental cells. Moreover, Twist

expression was most pronounced in Holoclone, moderate in

Paraclone, and lower in both the parental SCC25 cells and

Meroclone (Fig. 4A and B, P < 0.01).

Subsequent migration and invasion assays demonstrated

that Holoclone and Paraclone displayed markedly enhanced

migratory capacity (Fig. 4C, P < 0.01). Taken together,

these findings indicate that both Holoclone and Paraclone

subclones exhibit stronger EMT characteristics, conferring

increased cellular plasticity and more pronounced migra-

tory potential. These results offer valuable insights into the

invasive and metastatic behaviours of oral squamous cell

carcinoma and may guide the development of future ther-

apeutic strategies.

Discussion

The current study reveals that sustained 5 fluorouracil (5FU)

treatment in oral squamous cell carcinoma (OSCC) leads to

the emergence of distinct drug-resistant subclones-Hol-

oclone, Meroclone, and Paraclone-with divergent pheno-

types, varying degrees of chemotherapy tolerance, and

unique molecular profiles. By using a microfluidic-based

single-cell isolation method, we were able to separate and

expand individual clones, thereby exposing the inherent

heterogeneity that underpins chemotherapy resistance in

OSCC. Despite focusing on a single OSCC line (SCC25) which

may limit broader applicability future investigations incor-

porating additional lines (e.g., HSC-3, OECM-1) or patient-

derived models could still deepen our understanding of 5-FU

resistance mechanisms. These findings highlight an impor-

tant reality in cancer biology: a single cell line can generate

multiple subpopulations, each adopting a different strategy

for survival under chemotherapeutic pressure.

Our observations corroborate earlier studies showing that

repeated drug exposure enriches subpopulations with

enhanced drug-efflux mechanisms.32 Specifically, the upre-

gulation of ABCB1 (P-glycoprotein) and ABCG2 in the most

drug-tolerant subclones, Holoclone and Paraclone. We

Figure 2 Differences in 5FU resistance markers among subclones. RT-qPCR and Western blot analyses reveal marked upregulation

of ABCB1 (P-glycoprotein) and ABCG2 in Holoclone and Paraclone, suggesting enhanced drug efflux capacity (A, B). In three-

dimensional (3D) spheroid cultures, all subclones exhibit greater tolerance to 5FU, underscoring the influence of the microenvi-

ronment on chemotherapeutic resistance (C). Data are expressed as mean � SD. White points as sample size; *: P < 0.05, **: P <

0.01.
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maintained the subclones in standard medium (i.e., no 5-FU)

for approximately four weeks, during which they generally

retained a considerable degree of resistance. Beyond this

period, some partial re-sensitization was noted in certain

subclones when cultured without drug pressure for an

extended duration. This finding aligns with established

resistance pathways in various tumor models. Furthermore,

three-dimensional (3D) spheroid assays emphasise how the

tumour microenvironment can amplify intrinsic resistance,

as higher drug tolerance was observed under 3D conditions in

all subclones compared with conventional two-dimensional

(2D) cultures. These results concur with previous work sug-

gesting that 3D models replicate in vivo drug responses more

faithfully, largely due to cell—cell and cell—matrix in-

teractions that modulate survival pathways.33

Beyond drug efflux, our data highlight two additional

drivers of resistance and aggressiveness: cancer stem cell

(CSC)—like properties and epithelial—mesenchymal

transition (EMT). Holoclone and Paraclone exhibited

increased levels of OCT4 and SOX2, as well as a higher

proportion of CD44þ/CD133þ cells-phenotypes frequently

linked to enhanced tumour-initiating capacity and resis-

tance to DNA-damaging agents.34 Concomitantly, down-

regulation of E-cadherin and upregulation of Vimentin, and

Twist in these subclones is indicative of an EMT phenotype,

which has been widely associated with metastasis and

treatment resistance.5 Our Transwell assays confirmed that

these molecular alterations conferred significantly

elevated motility and invasive capabilities, supporting the

notion that EMT and CSC traits can synergistically promote

more aggressive tumour behaviour.23,29

Several important considerations follow from these

findings. First, the presence of multiple resistant clones

within a single cell line suggests that therapies targeting a

single pathway may be insufficient for complete tumour

eradication. Second, we highlight the potential cross-talk

Figure 3 Characterization of CSC-like features in 5FU-resistant OSCC subclones. Analysis of SOX2 and OCT4 at both the mRNA and

protein levels shows that Holoclone and Paraclone exhibit markedly elevated expression of these stemness-related factors,

whereas Meroclone displays comparatively lower levels and the parental SCC25 cells show minimal or negligible amounts (A, B).

Flow cytometric analysis indicates that the parental SCC25 cells have fewer than 50% CD133⁺/CD44⁺ populations, while all three

subclones exceed 99% for CD133 expression. Among the subclones, Holoclone exhibits the highest CD44 levels, followed by Par-

aclone and Meroclone (C). Data are expressed as mean � SD. White points as sample size; *: P < 0.05, **: P < 0.01.
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between EMT and CSC pathways, noting in particular how

TGF-β, Wnt/β-catenin, and Notch signaling may converge

to drive the EMT phenotype and sustain CSC properties

in 5-FU-resistant OSCC cells. Furthermore, the strong

linkage among CSC-associated traits, drug efflux mecha-

nisms, and EMT underscores the need for combination

therapies that simultaneously target stemness signaling,

transporter activity, and mesenchymal transformation.

Third, our results underscore the value of integrating 3D

culture methodologies with single-cell analyses to more

accurately capture the complexity of tumour subclones.

Incorporating patient-derived specimens into these ap-

proaches could further support personalised treatment

planning in OSCC.

In conclusion, we show that continuous 5-FU exposure

selects for OSCC subclones with robust CSC-like pheno-

types, EMT traits, and augmented efflux capacities,

collectively driving drug resistance and invasive potential.

By elucidating these mechanisms, our study establishes

a framework for targeted interventions to overcome 5-FU

resistance in OSCC. Pursuing dual-target therapies that

combine ABC transporter inhibitors (e.g., ABCG2/ABCB1)

with EMT/CSC pathway blockers may reduce chemo-

resistance and prevent relapse. Furthermore, integrating

single-cell isolation and 3D spheroid methods into

personalized pipelines could quickly profile patient-

derived OSCC cells for resistance patterns and guide

combination therapies before clinical administration.

Such an approach promises therapeutic outcomes for

OSCC.
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Figure 4 EMT marker profiling and migratory capacity of SCC25-derived subclones. RT-qPCR and Western blot analyses show that

the parental SCC25 cells exhibit the highest E-cadherin expression, followed by Meroclone, whereas Holoclone and Paraclone

display markedly reduced E-cadherin. In contrast, Vimentin is elevated in all three subclones compared with the parental cells, and

Twist is most strongly expressed in Holoclone, moderate in Paraclone, and lower in both parental SCC25 cells and Meroclone (A, B).

Transwell-based migration and invasion assays confirm that Holoclone and Paraclone possess significantly enhanced migratory and

invasive capacities (C). Scale bars 500 μm. Data are expressed as mean � SD. White points as sample size; *: P < 0.05, **: P < 0.01.
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