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ABSTRACT

Fluorine-18-fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) is 

based on cell capability to take-up glucose. While a significantly higher expression of the 

glucose transporter GLUT1 has been reported in thyroid tumors only few data are 

available on the expression of other GLUT isoforms.

We studied several GLUT isoforms expression in thyroid tumor cell lines deriving from 

anaplastic (ARO, FRO), papillary (NPA), follicular (WRO) and medullary (TT) human 

thyroid carcinoma. GLUT1 and GLUT3 were also studied in 157 human thyroid 

malignant and benign tissues. 

Quantitative Real-time RT-PCR analysis revealed that GLUT1 mRNA levels were higher 

in less-differentiated cells (ARO, FRO) while GLUT3 mRNA levels were prevalent in 

well-differentiated cells (NPA, WRO). Accordingly, Western blot showed high 

expression and correct membrane targeting of GLUT1 protein in ARO and FRO and of 

GLUT3 protein in NPA and WRO. All cell lines were able to take-up different rates of 

3H-Deoxy-Glucose. The analysis of GLUT1 and GLUT3 mRNA expression in human 

thyroid tissues showed the prevalence of GLUT1, but not of GLUT3, in malignant with 

respect to normal tissues. Finally, both GLUT1 and GLUT3 showed a slightly higher 

expression in anaplastic than in well-differentiated tumors.

In conclusion, we showed that GLUT1 and GLUT3 were the most important glucose 

transporters in the thyroid tumoral cells. In particular GLUT1 was the most prevalent in 

less-differentiated cells (ARO and FRO) while GLUT3 was the most prevalent in well-

differentiated cells (NPA and WRO). A similar pattern of expression was found for 

GLUT1 but not for GLUT3 in human thyroid tumors. 
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INTRODUCTION

It has been extensively described that tumor cells are characterized by increased 

requirement for energy that, together with a reduced ability to use oxidative in favor to 

glycolitic pathways, results in higher glucose requirement (Hatanaka, 1974, Isselbacher, 

1972a, Isselbacher, 1972b). This is the basis for Fluorine-18-fluoro-2-deoxy-D-glucose

(18FDG) positron emission tomography (FDG-PET) (Kresnik et al., 2003) that employs

18FDG, a glucose analog, as tracer. Today, FDG-PET represents one of the most 

powerful imaging diagnostic tools utilized in the diagnosis of different human tumors 

(Scott, 2001, Strauss and Conti, 1991). Several reports indicate its usefulness in the 

follow-up of differentiated thyroid cancers, especially when they are not able to take-up

iodine anymore. In these de-differentiated tumors, a positive FDG-PET has been 

demonstrated to have an unfavorable prognostic value (Frilling et al., 2001, Grunwald et 

al., 1999, Plotkin et al., 2002, Stokkel et al., 2006). This finding together with the 

evidence that most of anaplastic thyroid carcinomas (ATC) are usually well detected by 

FDG-PET (Conti et al., 1999, Khan et al., 2005) suggests that the lowest is the degree of

differentiation of malignant cells the highest is their ability to take-up 18FDG at PET 

scan.

Facilitative glucose transporters (GLUTs) are transmembrane proteins responsible 

to introduce glucose into cells using the natural gradient existing between the 

extracellular and intracellular compartments. Genes encoding for these transporters 

belong to the solute carrier 2A family and are classified in three groups: class I (GLUT1-

GLUT4), class II which includes the fructose transporter GLUT5 and isoforms GLUT7, 
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GLUT9, GLUT11. Class III (GLUT6, GLUT8, GLUT10, GLUT12 and the H+/myo-

inositol transporter HMIT) (Joost et al., 2002, Joost and Thorens, 2001, Macheda et al., 

2005). Since the enhanced ability in glucose uptake of tumor cells correlates with an 

increased expression of GLUTs, these transporters have been characterized in various 

tumor cell lines and in particular in lines derived from breast cancer (Macheda et al., 

2005). Up to date, only two tumoral thyroid cell lines TPC-1 (papillary thyroid 

carcinoma) and FTC-133 (follicular thyroid carcinoma), have been analyzed for the 

expression of few GLUT isoforms (Matsuzu et al., 2005).  Scanty data are available 

regarding the expression of GLUT1 in thyroid tumors, generally showing higher

expression levels in differentiated thyroid tumors with poor prognosis when compared

with well-differentiated tumors, benign tumors and normal thyroid tissues (Haber et al., 

1997, Matsuzu et al., 2004, Schonberger et al., 2002). Interestingly, other than GLUT1, 

also GLUT3 has been shown to have a higher, although not significantly, expression 

level in thyroid tumors than in normal tissue (Matsuzu et al., 2004).

In the present study we analyzed several GLUT isoforms for their mRNA 

(GLUT1-4, GLUT6, GLUT8, GLUT10 and GLUT12) and protein (GLUT1 and GLUT3) 

expression in 5 cell lines derived from histologically different human thyroid carcinomas

(ARO and FRO from ATC, NPA from papillary, WRO from follicular and TT from 

medullary thyroid carcinomas). We also evaluated glucose uptake levels in all cell lines

taking into consideration a relation between the expression of GLUT isoforms and the 

degree of differentiation of the thyroid tumor cell lines studied. GLUT1 and 3 mRNA 

expression was evaluated also in 157 samples obtained from different thyroid tumor 

tissues.
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MATERIALS AND METHODS

Cell lines and human thyroid tissue samples

Experiments were conducted in five human thyroid carcinoma cell lines: FRO and ARO 

(anaplastic thyroid carcinoma), NPA (poorly-differentiated papillary thyroid carcinoma), 

WRO (follicular thyroid carcinoma) and TT (medullary thyroid carcinoma). Cells were 

cultured in standard conditions as previously described (Elisei et al., 2005).

A total of 157 human thyroid tissue samples were obtained at surgery and immediately

frozen and kept at -80C until usage. Samples studied were: 37 normal thyroid (NT), 80 

papillary thyroid carcinomas (PTC), 22 medullary thyroid carcinomas (MTC), 12 

follicular thyroid carcinomas (FTC) and 6 anaplastic thyroid carcinomas (ATC). The 37 

NT samples were the contralateral normal thyroid tissues of 37 PTC included in the 80 

cases.

RNA extraction, RT-PCR and Real-time quantitative PCR for GLUTs

Total RNA was extracted from all cell lines and tissue samples using TRIzol Reagent 

(Invitrogen, Milan, Italy) following manufacturer’s instructions. cDNA was then 

synthesized and its quality was assessed by RT-PCR for the ubiquitous gene 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using specific primers and 

conditions already reported (Elisei et al., 2005). Conventional RT-PCR for genes 

encoding for GLUT1, GLUT2, GLUT3, GLUT4, GLUT6, GLUT8, GLUT10 and 

GLUT12 was performed in cell lines using specific primers and conditions as previously 

described (Matsuzu et al., 2004, Rogers et al., 2003, Stuart et al., 2006). GLUT1, 
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GLUT3, GLUT4, GLUT10 mRNA levels were then quantified by Real-time quantitative 

RT-PCR using the Real-time Sequence Detection System (PE Applied Biosystem, Foster 

City, CA, USA). GLUT1 and GLUT3 were studied in all histological samples. 

Amplification was achieved using primers and probes commercially available (Assay-on-

Demand Gene Expression System; Applied Biosystem, Foster City, CA, USA) and 

following the conditions suggested by the manufacturer. Results were then expressed as 

the difference of the threshold cycle (Ct) for GLUT gene expression and mRNA level of 

the ubiquitous gene GAPDH (ΔCt) used to normalize the results.

Detection of the GLUT1 and GLUT3 proteins on cell membrane and cytoplasm 

fractions

Total proteins were isolated from all cell lines cultured in 10 mm cell culture dishes. 

Cells were lysed in 1ml of Radioimmunoprecipitaction assay (RIPA) buffer (50 mmol/l

Tris-HCl, pH7.5, 150 mmol/l NaCl, 1% Nonidet P-40 (v/v), 0.5% Sodium Deoxycholate

(w/v), 0.1% Sodium Dodecyl Sulfate (w/v)) with the addition of protease inhibitor 

cocktail tablets (Roche, Mannheim, Germany). Cell lysates were incubated for 30 min on 

ice and then centrifuged at 3500 rpm for 10 min at 4°C. Supernatant was centrifuged at 

100,000xg for 1 h at 4°C. Pellets containing membrane protein fractions were finally 

dissolved in 50 µl of 1X PBS/0.1% Triton X-100 (v/v) and supernatant was collected to 

obtain cytoplasm protein fraction. Two µl were used for protein quantitation by Bradford 

method (Bradford, 1976). Twenty µg of both protein fractions were subjected to SDS-

PAGE on a 12% Acrylamide (v/v) (Bio-Rad Laboratories, Hercules CA, USA) gel and

transferred on Hybond-C Extra nitrocellulose membrane (Amersham Bioscences (GE 
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Healthcare), Buckinghamshire, UK). After the transfer, membranes were incubated over 

night at 4°C in a 1:1000 dilution of a Rabbit Polyclonal antibody against GLUT1 

(Abcam, Cambridge, UK) or 0.5µg/µl of a Rabbit Polyclonal antibody against GLUT3 

(Abcam, Cambridge, UK). Equal Loading amount was evaluated using a Rabbit 

polyclonal antibody against β-actin (Sigma Aldrich, Saint Louis, MO, USA). Mouse 

Anti-Rabbit IgG-HRP conjugated (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 

1:1000 dilution was used in all experiments as secondary antibody. Finally, detection was 

performed using Immun-StarTM HRP Substrate kit (Bio-Rad Laboratories, Hercules CA, 

USA).

3H-Deoxy-Glucose Uptake Experiments

For glucose uptake experiments, cells were plated in 24-well plates at a density of 

1.5x105 cells/well 2 days prior the uptake experiment and allowing cells to be almost 

confluent for the day of the experiment. Cells were quickly rinsed in 0.9% NaCl (w/v)

solution and 0.5 ml of Uptake Buffer (HBSS, 0.5% BSA (w/v), 10 mmol/l HEPES (w/v), 

pH7.4) containing 1 µCi of 2-Deoxy-D-[1-3H]-glucose (Amersham Bioscences (GE 

Healthcare), Buckinghamshire, UK) was added on each well. 3H-DG was allowed to 

accumulate into cells for 2 h in an incubator at 37°C and 5% CO2. Finally, cells were 

rinsed 3 times in ice-cold Uptake Buffer and solubilized in 0.5 ml of RIPA buffer. In 

order to measure incorporated radioactivity, 0.45 ml of each sample were removed and 

counted in a liquid scintillation β-counter (LKB Wallac, Turku, Finland). Twenty µl of 

each sample were used for protein quantity determination (Bradford, 1976). All 

experiments were conducted in triplicate for each cell line and, in order to study the 
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specificity of the glucose transporter-mediated uptake we incubated cells from 2 wells in 

the same conditions described but with the addition of 0.05 mmol/l of cytochalasin B 

(Sigma Aldrich, Saint Louis, MO, USA) for FRO, WRO, NPA and TT cell lines. A 

higher concentration of cytochalasin B (1.5 mmol/l) was used to inhibit the uptake in 

ARO cell line. Radioactivity values in cpm (counts per minute) were normalized with the 

value of protein concentration and results were expressed as fmol 3H-DG/mg protein.

Statistic Analysis

All statistical evaluation was performed using paired and un-paired t-test. Differences 

were considered significant when P value was less than 0.05.
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RESULTS

Qualitative RT-PCR and Real-time quantitative RT-PCR in thyroid tumor cell lines.

Qualitative RT-PCR was used to study mRNA expression of GLUT1-4, GLUT6, 

GLUT8, GLUT10 and GLUT12 in the five thyroid carcinoma cell lines. Positive 

detection of GAPDH in all samples demonstrated a good quality cDNA and negative 

controls, in which cDNA template was omitted, showed no contamination by genomic 

DNA. As shown in Fig. 1, the isoforms GLUT1-3 were expressed in all cell lines while 

GLUT4, GLUT6 and GLUT8 showed extremely weak expression. By contrast, GLUT10 

showed quite strong expression in all cell lines except for TT. GLUT12 was expressed in 

anaplastic thyroid carcinoma cell lines FRO and ARO and medullary thyroid carcinoma 

cell line TT but its expression was negligible in WRO and NPA.

As shown in Table 1, the quantitative analysis of GLUT1, GLUT3, GLUT4, and 

GLUT10 mRNA showed high levels of expression of both GLUT1 and GLUT3, but not 

of GLUT4 and GLUT10, in all cell lines.

When comparing the levels of expression of GLUT1 with those of GLUT3 in the cell 

lines (Fig 2A), we found that GLUT1 expression levels were significantly higher in ARO 

and FRO cell lines (p<0.0001 and p<0.02, respectively), similar in WRO and NPA and 

lower in TT cell line. In particular, ARO showed the highest level of expression of 

GLUT1 and the lowest level of expression of GLUT3 when compared with the other cell 

lines (p<0.0003 and p<0.0001, respectively) (Fig 2B) When cell lines where considered 

according to their degree of de-differentiation (ARO>FRO>WRO≥NPA>TT) a mRNA 



Page 10 of 28

Acc
ep

te
d 

M
an

us
cr

ip
t

10

degree of expression levels was observed with a decreasing and increasing pattern of 

mRNA expression levels of GLUT1 and GLUT3 respectively (Fig 2B).

GLUT1 and GLUT3 mRNA levels in human thyroid tissue samples.

As shown in Fig. 3A, the paired t-test analysis of GLUT1 and GLUT3 mRNA expression 

in the 37 cases of PTC in which we could analyze both the normal and the tumoral 

tissues, demonstrated that GLUT1 mRNA was significantly more expressed in tumoral 

than in contralateral normal thyroid tissues (p<0.0001) while GLUT3 mRNA was only 

slightly higher.

The comparison of the mRNA levels of the two GLUT isoforms in the different thyroid 

tumor histotypes (PTC, FTC, MTC and ATC) and in the normal tissues (NT) showed that 

while in the latter GLUT1 was significantly less expressed than GLUT3, the opposite 

happened in PTC, FTC, MTC and ATC although this difference was significant only in 

PTC (Fig.3B). 

As far as the expression of the two isoforms in different histotypes was concerned, both 

GLUT1 and GLUT3 showed a slightly higher expression in anaplastic than in well 

differentiated (PTC and FTC) thyroid tumors (Fig.3C).

Analysis of GLUT1 and GLUT3 proteins on cell membrane and cytoplasm fractions.

GLUT1 and GLUT3 proteins were studied by Western blot analysis on cell membrane 

and cytoplasm protein fractions. As shown in Fig. 4, GLUT1 protein revealed a very 

strong band with a molecular weight of 55 kDa in ARO cell membrane and cytoplasm 
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fractions, while a less intense band was observed on both protein fractions of the other 

anaplastic thyroid carcinoma cell line FRO. On the other hand, GLUT1 protein appeared

to be virtually absent on WRO and NPA membranes although the protein was present in 

the corresponding cytoplasm compartment. GLUT1 protein staining was not visible in TT 

cell line, neither in membrane nor in cytoplasm fractions.

The GLUT3 protein, corresponding to a band with molecular weight of 48 kDa, was 

present in all cytoplasm protein fractions while it was present only in membrane protein 

fractions obtained from NPA and WRO. As shown in Fig 4, ARO, FRO and TT cell lines 

membrane protein fractions were virtually or completely negative for GLUT3. 

3H-DG Uptake Experiments

As shown in Fig 5, the experiments for 3H-Deoxy-Glucose cell uptake showed different 

glucose uptake levels in cell lines analyzed: NPA showed the highest level (4000.4 fmol 

3H-DG/mg protein) followed by WRO (3567.0 fmol 3H-DG/mg protein), ARO (2300.5 

fmol 3H-DG/mg protein) and FRO (2156.4 fmol 3H-DG/mg protein). TT cell line uptake 

was very low (530.6 fmol 3H-DG/mg protein). The inhibition of the uptake by 

cytochalasin B demonstrated that the uptake was specifically glucose transporter-

mediated in all cell lines. The need to use a higher concentration of cytochalasin B to 

inhibit the uptake in ARO cell line (1.5mmol/l vs 0.05 mmol/l) might be related to the 

higher levels of expression of the GLUT1.
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DISCUSSION

In the present study we observed that all thyroid tumors derived cell lines studied (ARO, 

FRO, NPA, WRO and TT) showed a quite heterogeneous expression pattern for different 

GLUT isoforms when analyzed by conventional RT-PCR. However, the quantitative 

Real-time RT-PCR analysis of GLUTs showed that anaplastic carcinoma cell line ARO 

had a significantly higher amount of GLUT1 when compared with all other cell lines. At 

variance, both NPA and TT cell lines, arising from more differentiated thyroid 

carcinomas such as papillary and medullary, showed lower levels of GLUT1. This 

finding is in keeping with the previously reported observation that GLUT1 over-

expression correlates with more de-differentiated forms of thyroid tumor (Schonberger et 

al., 2002, Stokkel et al., 2006) that are, indeed, those with a higher ability to take-up 18 

FDG (Conti et al., 1999, Khan et al., 2005).

As opposite to GLUT1, quantitative Real time RT-PRC showed that GLUT3 expression 

levels were very low in anaplastic ARO cell line but significantly higher in all other cell 

lines, in particular in NPA and TT cell lines. These results suggest that the expression 

levels of GLUT1 and GLUT3 have an inverse correlation with the degree of cell 

differentiation.

The 3H-DG uptake experiments demonstrated that, despite the highest levels of GLUT1 

expression and its correct localization on the plasma membrane, anaplastic ARO and 

FRO cell lines showed lower uptake ability when compared with papillary NPA and 

follicular WRO cell lines. This discrepancy between GLUT1 expression levels and 3H-
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DG uptake could be due to a defect of N-glycosylation status as already observed in 

primary anaplastic thyroid cell lines by other authors (Samih et al., 2003).

Since the level of expression of GLUT1 is lower in both NPA and WRO, their highest 

ability to take-up 3H-Deoxy-Glucose could be correlated with both the highest levels of 

expression of GLUT3 and the correct plasma membrane localization of the protein, 

which has been demonstrated to have a very high affinity for glucose analogs, especially 

at low glucose concentrations (Burant and Bell, 1992, Gould et al., 1991). The crucial 

role of a correct plasma membrane localization of GLUT3 protein for its ability to take-

up 3H-Deoxy-Glucose was clearly demonstrated in TT cell line that expressed GLUT3 

mRNA but did not display a plasma membrane protein and were, indeed, unable to 

incorporate the glucose tracer. The presence of GLUT3 transcript in the absence of a 

functional protein has been previously reported in other human tumors (Boado et al., 

1994, Higashi et al., 1998, Yamamoto et al., 1990).

As far as the GLUT1 and GLUT3 mRNA expression in thyroid tumor is concerned, our 

data support the results of the few reports that have been published up to date (Haber et 

al., 1997, Matsuzu et al., 2004, Schonberger et al., 2002) which showed a significant 

increase of GLUT1 and a slightly increase of GLUT3 mRNA levels in malignant thyroid 

tissues when compared to normals. The evidence of a decreasing pattern of mRNA 

expression levels of GLUT1 in cell lines accordingly to their pattern of dedifferentiation 

was confirmed in human thyroid tumors with ATC showing a higher expression than 

PTC and FTC. To our knowledge, no data have been yet reported on the relationship 

between GLUT3 and the tumor differentiation degree. Unfortunately our findings on cell 

lines were not confirmed in the tumoral tissues that showed a higher levels of expression
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of GLUT3 in ATC than in PTC and FTC. This controversial data are difficult to be 

explained but we should take into account that the number of ATC was quite small and 

that not always in vitro models are representative of what really happens in vivo. On this 

regard, it is well known that cell lines can change their features as consequence of a long 

term in vitro evolution (van Staveren et al., 2007).

In conclusion, we demonstrated that GLUT1 and GLUT3 are the most important glucose 

transporters involved in the thyroid tumoral cell metabolism.  In particular GLUT1

represents the main GLUT isoform in the anaplastic ARO and FRO cell lines while 

GLUT3 appears to be predominant in more differentiated thyroid tumor cell lines such as 

papillary NPA and follicular WRO. However the analysis of GLUT1 and GLUT3 mRNA 

expression in human thyroid tumors confirmed that only GLUT1 was significantly more 

expressed in malignant than in the corresponding normal tissues and that its expression is 

higher in more aggressive histotypes. The clinical meaning and the role in 18-FDG 

uptake of GLUT3 remains to be established.
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FIGURE LEGENDS

FIGURE 1

Conventional RT-PCR results for GLUT1-4, GLUT6, GLUT8, GLUT10 and GLUT12 

genes in thyroid tumor cell lines. All cell lines showed the expression of GLUT1, GLUT2 

and GLUT3 genes. GLUT4, GLUT6 and GLUT8 were weakly or not expressed while 

GLUT10 showed expression in all cell lines but TT. GLUT12 showed strong expression 

in ARO and TT, a weak expression in WRO and NPA and it was not expressed in WRO 

and NPA.

FIGURE 2

Panel A): GLUT1 and GLUT3 mRNA expression levels obtained by quantitative Real-

time RT-PCR analysis. All data were means ± SD of two experiments in triplicate. Both 

in ARO and FRO cell lines, GLUT1 expression level was significantly higher than those 

of GLUT3 (p<0.0001 and p<0.02 respectively). This difference was not found in the

differentiated WRO, NPA and TT cell lines. 

Panel B): GLUT1 and GLUT3 mRNA expression levels were significantly higher 

(p<0.0003) and lower (p<0.0001) in ARO than in all other cell lines. 

It is worth noting that, since ΔCt values are inversely correlated to mRNA levels, for a 

better schematic representation, the figure shows the ΔCt as ΔCt-1

FIGURE 3

Panel A): GLUT1 and GLUT3 mRNA expression levels in 37 papillary thyroid 

carcinomas (PTC) and their contralateral normal tissues (NT) showing that while GLUT1 

was significantly more expressed in PTC than in NT, GLUT3 mRNA levels were only 

slightly higher.
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Panel B): Comparison of GLUT1 and GLUT3 mRNA expression levels in different 

histotypes of thyroid carcinomas: GLUT3 was the most expressed isoforms in NT

(p<0.0001) while GLUT1 was the most expressed isoform in all different histotypes.

Panel C): Comparison between GLUT1 and GLUT3 expression levels in differentiated 

thyroid carcinomas (PTC, FTC) and anaplastic carcinoma (ATC): both GLUT1 and 

GLUT3 were more expressed in ATC than in PTC and FTC.  

It is worth noting that, since ΔCt values are inversely correlated to mRNA levels, for a 

better schematic representation, the figure shows the ΔCt as ΔCt-1

FIGURE 4

Western blot analysis showing GLUT1 and GLUT3 proteins in membrane and cytoplasm 

fractions of thyroid carcinoma cell lines. Both GLUT1 and GLUT3 proteins were present 

in cytoplasm fractions of FRO, NPA, WRO and ARO but not TT. In membrane fractions, 

GLUT1 protein was strongly present in ARO membranes and, although to a lesser extent, 

in FRO. GLUT1 was not present in TT, NPA and WRO membranes. GLUT3 protein was 

present with a strong 48 kDa band in NPA, WRO and with a very faint band in ARO. On 

the bottom lane, β-actin staining confirmed equal loading.

FIGURE 5

Results of the 3H-DG uptake and cytochalasin B inhibition experiments on thyroid 

carcinoma cell lines: NPA cell line showed the highest uptake value followed by WRO, 

FRO, ARO and TT. Results were expressed in fmol 3H-DG/mg protein and represented

the mean value of two separate experiments conducted in triplicate. The 3H-DG uptake 

was inhibited in all cell when cytochalasin B was added. * A higher concentration of 

cytochalasin B (1.5 mmol/l) was used for the inhibition of ARO cell line.
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TABLE 1  Real-time RT-PCR results for GLUT1, 3, 4 and 10 (ΔCt±SD)

GLUT1 
(ΔCt±SD)*

GLUT3
(ΔCt±SD)

GLUT4
(ΔCt±SD)

GLUT10
(ΔCt±SD)

FRO 4.33±0.57 7.61±0.60 32.62±0.83 26.83±1.03

WRO 4.82±0.41 5.02±0.43 31.02±0.62 25.45±0.78

ARO 1.20±0.27 19.30±0.30 33.32±0.41 25.34±0.51

NPA 6.04±0.49 5.86±0.51 32.49±0.71 27.42±0.87

TT 6.37±0.39 4.91±0.40 32.55±0.56 38.72±0.69

*  ΔCt is the difference between the threshold cycle (Ct) relative to GLUT gene and the Ct relative 
to GAPDH used to normalize the results, as described in Materials and Methods. ΔCt values are 
inversely correlated to mRNA levels.

Table
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Figure 1

http://ees.elsevier.com/mce/download.aspx?id=20078&guid=a227d943-c572-458d-9554-1fe933389df1&scheme=1


Page 25 of 28

Acc
ep

te
d 

M
an

us
cr

ip
t

Figure 2

http://ees.elsevier.com/mce/download.aspx?id=20079&guid=ab7b00d7-72de-41eb-82df-5bd78bbf984b&scheme=1
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Figure 3

http://ees.elsevier.com/mce/download.aspx?id=20080&guid=f8895781-fc3b-4647-8d9a-8392ed727585&scheme=1
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Figure 4

http://ees.elsevier.com/mce/download.aspx?id=20081&guid=5f1f8410-d840-403a-b450-66f93529cc55&scheme=1
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Figure 5 revised
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