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Abstract 

Background and purpose: Recently, stem cell therapy has been proposed to allow 

regeneration of radiation damaged salivary glands. It has been suggested that glial-

cell-derived neurotrophic factor (GDNF) promotes survival of mouse salivary 

gland stem cells (mSGSCs). The purpose of this study was to investigate the role of 

GDNF in the modulation of mSGSC response to irradiation and subsequent 

salivary gland regeneration. 

Methods: Salivary gland sphere derived cells of Gdnf hypermorphic (Gdnfwt/hyper) 

and wild type mice (Gdnfwt/wt) were irradiated (IR) with γ-rays at 0, 1, 2, 4 and 8 

Gy. mSGSC survival and stemness were assessed by calculating surviving fraction 

measured as post-IR sphere forming potential and population doublings. Flow 

cytometry was used to determine the CD24hi/CD29hi stem cell (SC) population. 

QPCR and immunofluorescence was used to detect GDNF expression. 

Results: The IR survival responses of mSGSCs were similar albeit resulted in 

larger spheres and an increased cell number in the Gdnfwt/hyper compared to Gdnfwt/wt 

group. Indeed, mSGSC of Gdnfwt/hyper mice showed high sphere forming efficiency 

upon replating. Interestingly, GDNF expression co-localized with receptor tyrosine 

kinase (RET) and was upregulated after IR in vitro and in vivo, but normalized in 

vivo after mSGSC transplantation. 

Conclusion: GDNF does not protect mSGSCs against irradiation but seems to 

promote mSGSCs proliferation through the GDNF-RET signaling pathway. Post-

transplantation stimulation of GDNF/RET pathway may enhance the regenerative 

potential of mSGSCs. 
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Introduction 

Dry mouth syndrome or xerostomia is a common radiation-induced side effect 

resulting from damage to salivary glands (SG) which severely affects cancer 

patients’ quality of life [1,2]. Xerostomia is a multi-faceted syndrome which 

manifests in oral dryness and infections, dental caries, and difficulties with food 

mastication [3]. Currently, no cure is available therefore the main focus is 

optimizing regenerative potential of the gland post-irradiation. This can be 

achieved by reducing the damage caused to the glands by limiting the given 

irradiation dose [4] or move the submandibular glands out of the irradiation field 

before radiation therapy [5,6], pharmacologic treatments like amifostine [7,8] or 

pilocarpine [9,10]. If not successful only the generally supportive measurements 

like water drinking, artificial saliva and special food applied remain [3]. Recently, 

stem cell therapy has been suggested as an optional treatment [11-14]. Several 

signaling pathways involved in stem cell maintenance, such as WNT and NOTCH 

[13,15-18] have been suggested to be involved in mouse salivary gland stem cell 

(mSGSC) self-renewal, proliferation, and radiation response [19]. However, 

knowledge on the molecular cues underlying the maintenance of mSGSCs after 

therapeutic irradiation is scarce. Recently, it was suggested that GDNF may play an 

important role in survival of mSGSCs and therefore could be used as a tool for SG 

function restoration after irradiation induced damage[2,12]. GDNF is a member of 

GDNF family ligands, which belongs to the transforming growth factor-β (TGF-β) 

superfamily [20]. GDNF protects the survival of dopamine neurons and acts as a 

morphogen in renal branching morphogenesis  and regulates the differentiation of 

spermatogonia [21,22]. However, the role of GDNF on mSGSC survival 

and proliferation after therapeutic irradiation is still an enigma.  

To investigate the role of GDNF in mSGSC response to irradiation and subsequent 

salivary gland regeneration, we modulated GDNF expression. To this end, we used 

hypermorphic Gdnfwt/hyper mice that exhibit elevated levels of GDNF expression 

from Gdnf native locus, enabling analysis of endogenous GDNF functions in vivo 
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[23] or added recombinant GDNF in vitro. We used our recently developed 3D 

salivary gland stem cell culture system [11,13] to show the survival of mSGSCs 

with upregulated GDNF expression in response to irradiation. We demonstrated 

that endogenous GDNF does not act as a radiation protector but stimulates 

proliferation and regeneration potentially through increasing mSGSC self-renewal 

ability. Expression of GDNF and its receptor RET is upregulated in mSGSCs and 

in irradiated tissue but is reduced after mSGSC transplantation. Post-

transplantation stimulation of GDNF/RET pathway may enhance the regenerative 

potential of mSGSCs and therefore could represent a promising treatment for 

radiation-induced hyposalivation and consequential xerostomia. 

Methods and Materials 

Mice 

8 to 12-week-old female C57BL/6 mice ( Harlan, The Netherlands) were purchased 

from Harlan, The Netherlands. 8 to 12-week-old female Gdnfwt/hyper mice 

(129Ola/ICR/C57bl6), Gdnfwt/wt mice (129Ola/ICR/C57bl6) [1], were bred in the 

Helsinki University, Finland. The mice were maintained under conventional 

conditions. All experiments were approved by the Ethical Committee on animal 

testing of the University of Groningen. 

Isolation of salivary gland cells 

Salivary glands (SG) were dissected.  SGs cells were isolated and cultured to form 

spheres as described previously [2-4]. SGs were mechanically disrupted using a 

gentle MACS dissociator (Milteny), then digested with hyaluronidase (Sigma-

Aldrich), CaCl2(Sigma-Aldrich), collagenase type II(Gibco). Cell suspension was 

filtered through the 100 µm filter. Floating cells were seeded in 12-well plates in 

minimal medium (MM) (DMEM:F12 medium containing 1X Pen/Strep antibiotics 

(Invitrogen), Glutamax (1X; Invitrogen), EGF (20ng/ml; Sigma-Aldrich),FGF-2 
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(20ng/ml; Sigma-Aldrich), N2 (1X; Gibco), insulin (10ug/ml; Sigma-Aldrich) and 

dexamethasone (1uM; Sigma-Aldrich).  

Self-renewal assay 

Three days old primary salispheres were collected and dissociate using 0.05% 

trypsin-EDTA After filtering with 100 µm cell strainer, single cells were seeded in 

Basement Membrane Matrigel (BME) (BD Biosciences) at a density of 1×104 cells 

per well. Cells were cultured in enriched medium (EM, is MM + Rho-inhibitor, Y-

27632) [2]. 7 days later, Matrigel was dissolved by Dispase (1mg/ml; Sigma) for 

30 min at 37℃. Spheres were harvested and dissociated as described above. This 

procedure was repeated for up to 12 passages. spheres/organoids forming 

efficiency (SFE/OFE) and population doublings (PD) were calculated using the 

following formula: SFE or OFE = number of organoids  harvested/cells seeded 

×100; PD =ln (cells harvested / cells seeded)/ln2  (ln=natural log) 

Luciferase assay 

GFL-GFRa1/RET-luc reporter gene system was described earlier [5]. In short, to 

check GDNF activity in solution, GDNF was mixed with cell suspension before 

plating, the final concentration was 75ng/ml. Subsequently, 20.000 cells /well were 

plated on 96 well plate and cultured for 24 hours to produce luciferase. Then, add 

100ul lysis buffer per well and left in -80℃ for 24h before luciferase detection.  

Flow cytometry   

Primary salispheres were harvested after 3 days of culture. Cells were incubated 

with anti-mouse CD31-PE (eBioscience),CD45-PE (Biolegend), TER-119-PE/Cy7 

(Biolegend) and Pacific Blue anti mouse-CD24 (BD Biosciences) and FITC anti-

rat CD29 ( BD Biosciences)  antibody at room temperature for 30min, followed by 

washing with PBS.0.2%BSA (bovine serum albumin). Finally, cells were 

resuspended in 1ml PBS.0.2%BSA containing MgSO4(10mM; Sigma-Aldrich), 
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DNase I (50ug/ml; Sigma-Aldrich) and propidium iodide(PI; Sigma-Aldrich). 

Positive gating was decided based on the single staining. FACS were performed on 

XDP Flow Cytometer machine, 50.000 events for each measurement were recorded. 

Data were analyzed with FlowJo software (Ashland, OR).  

Irradiation treatment 

The irradiation assay employed here was described earlier [6]. In short, irradiation 

was performed with a 137 Ce source (IBL 637 Cesium-137 γ-ray machine) with a 

dose rate of 0.59Gy/min.  Murine SG sphere/organoids derived single cells were 

irradiated at a density of 1×104 cells per well (0-2 Gy) or 3×104 cells per well (4-8 

Gy). The radiation (0-8 Gy) response of mSGSCs of GDNFwt/hyper and GDNFwt/wt 

mice was measured in our 3D cell culturing model as SFE as a representative of the 

surviving number of mSGSCs 7days later (Figure 1A). SFE was normalized to 0 

Gy to calculate the surviving fraction. Cells were counted to determine the 

population doublings (PD) to assess the cell number after irradiation. Sphere 

surviving fraction= SFE treated / SFE at 0Gy. 

Irradiation and transplantation Assay in vivo 

The irradiation and transplantation assay performed here was described earlier [7] .  

In brief, Female C57BL/6 mice salivary glands were x-ray irradiated at 15Gy. One 

month later, 10,000  passage 7 single-cells of donner cells were suspended in α-

MEM (Gibco) and injected intraglandularly into both SMGs of irradiated mice. 3 

months later, irradiated mice were sacrificed and SG were embedded in paraffin. 

Immunostaining 

Salivary glands or organoids were fixed with 4% formaldehyde and embeded into 

paraffin. 5µm paraffin section were dewaxed and boiled for 8 min in pre-heated 

10mM citric acid retrieval buffer, subsequently, incubated with primary antibody, 

and labeled with the markers as follows: rabbit anti-Aqp5 (1:100, Abcam 



 Role of GDNF in SGSC response to radiation 

47 

 2 

polyclonal), mouse anti-ck8 (1:100, Abcam), rabbit anti-GDNF (1:100,Abcam, 

ab18956), rabbit anti-RET (1:100, Abcam, ab134100), rabbit anti-NCAM (1:100, 

Millipore, ab5032). For secondary antibody, Alexa Fluor 488 goat anti-rabbit (Life 

Technologies, A11008), Alexa Fluor 594 goat anti-rabbit (Life Technologies) 

conjugates, were used at 1:500 dilutions. DAPI (Sigma Aldrich) were used for 

nuclear staining. 

Image analysis 

Immunofluorescence images of tissue sections and organoids sections were 

acquired with Leica Sp8 confocal microscope. TissueFAXS high-throughput 

fluorescence microscope was used to analyse the whole tissue section GDNF 

expression after IR. 

Protein extraction and Western blot analysis 

Cell pallets harvested at certain time point were lysed in RIPA buffer and protease 

inhibitor (80ul in 1ml RIPA), followed by 5s sonicate. Calculate the protein 

concentration of each samples using linear regression of the linear part of the curve 

(DC protein assay, Bio-RAD). Cell lysates were dissolved by 2x SDS sample 

loading buffer (20% SDS, 50% glycerol, 0.33M Tris-HCl pH 6.8, 0.05% 

bromophenol blue) and 10% β-mercaptoethanol to make a final concentration of 

1.0 µg/µl in the sample buffer. Samples were boiled for 5 min at 99℃. Equal 

amounts of protein were separated on 12.5% SDS-PAGE gels, transferred onto 

PVDF membranes and probed with anti-α tubulin (Sigma), anti-GDNF (Abcam), 

anti-RET(Abcam), anti-NCAM (Millipore). Blots were subsequently incubated 

with HRP-conjugated anti-rabbit or anti-mouse secondary antibodies (Dako). ECL-

detection (Amersham) was performed to detect protein signals and quantified by 

Image J software. 
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Cell cycle  

Mouse cells treated with or without GDNF were harvested 3 days after 4 Gy 

irradiation and processed to single cells from 3D BME as describe above. After 

twice wash with PBS, cells were fixed with 70% ethanol, incubated overnight at 

4℃. Cells were collected by spin down 5 min at 1000 rpm at 4℃. After two 

washing steps with PBS, cells were treated with 20 µl DNase free RNase A to 

remove residual RNA( Sigma Aldrich). 400 µl of Propidium Iodide solution was 

added to cells and incubated for 1h at room temperature. Samples were analyzed by 

using Calibur flow cytometry followed by using Flowjo software to determine the 

distribution of cells in G1, S and G2/M phase.  

qRT-PCR  

Cells were collected at the end of each passages. Total RNA was extracted by 

using the RNA Miniprep kit (Agilent Technologies), following the manufacturer’s 

instructions. 500ng total RNA was reverse transcribed by using 1ul*10mM dNTP 

Mix, 100ng random primers, 5x First-strand Buffer, 0.1M DTT,40units of RNase 

OUTTM  and 200 units of M-MLV RTa, in total 20ul for each reaction. Quantitative 

polymerase chain reaction (Bio-Rad)(qPCR) was performed using Bio-Rad iQ 

SYBR Green Supermix according to manufacturer’s instructions.100ng cDNA was 

mixed with PCR buffer, sybergreen and both forward and reverse primers for genes 

of interest, in total volume of 10ul for each sample. 3 step PCR reaction were 

applied subsequently. All agents mentioned above are Invitrogen.  

qPCR Primer 

GDNF  

fp   CGCTGACCAGTGACTCCAATATGC  

rp   TGCCGCTTGTTTATCTGGTGACC  
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Results 

To investigate the role of endogenous GDNF on mSGSC survival after irradiation 

we used salivary glands obtained from Gdnfwt/hyper mice that have increased but 

spatially unchanged GDNF expression [23]. Using our mSGSC expansion method 

[24] Gdnfwt/hyper and Gdnfwt/wt mice mSGSCs were cultured as spheres and re-seeded 

as single cells in Matrigel with enriched medium (EM) (Fig.1A). After passaging, 

sphere-derived single cells were irradiated (IR) with γ-rays (Fig.1A), after which 

sphere formation efficiency (SFE) (Fig. 1B), surviving fraction (Fig. 1C) and cell 

number doublings (Fig. 1E) were calculated [1]. SFE of isolated mSGSC of 

Gdnfwt/hyper and Gdnfwt/wt mice showed a clear dose-dependent decline, always  had 

the tendency to be higher in Gdnfwt/hyper compared to Gdnfwt/wt (Fig.1B). However, 

the normalized surviving fraction of the two was not different (Fig.1C). The 

spheres  size of Gdnfwt/hyper mice was larger when compared to Gdnfwt/wt mice, at 4-8 

Gy (Fig. 1D), which was confirmed by quantification of the cell numbers (Fig. 1E). 

Here, Gdnfwt/hyper SG cells show even a slight increase in the population doubling 

after 1 Gy and 2 Gy despite a dramatic reduction in sphere formation. Next, Gdnf 

mRNA level was checked by quantitative RT-PCR (Fig.1F). Indeed, Gdnf mRNA 

in Gdnfwt/hyper mice spheres compared to Gdnfwt/wt, was elevated at all doses. Thus, 

GDNF doesn’t seem to act as a radiation protector of mSGSCs, but seems to 

promote mSGSCs proliferation after IR.  

To examine whether GDNF may have modified radiation induced cell cycle 

changes, cells were treated before IR with GDNF recombinant protein whose 

activity were checked by Strata1LUC cell line through luciferase assay (Fig.S1A, 

Fig.S1B)[27] and analyzed using flow cytometry(Fig.S2A-2D). Although IR 

induced a significant increase in the G1 population and a significant decrease in the 

G2 population (Fig. S2E), no significant differences were observed between cells 

GDNF treated with untreated cells at 24h (Fig. S2E) and 72h (Fig. S2F). Thus, the 

effects of GNDF are not induced by changes in cell cycle.    
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Figure 1. GDNF does not protect mSGSCs against irradiation but promotes mSGSCs 

proliferation. (A) scheme showing overview of isolation, expansion and irradiation of both 

Gdnfwt/hyper mice and Gdnfwt/wt mice salivary glands. (B) SFE of mSGSCs of Gdnfwt/hyper and 

Gdnfwt/wt mice in BME after irradiation (0Gy,1Gy, 2Gy, 4Gy, 8Gy). (C) Sphere surviving 

fraction based on survival of non-irradiated mSGSCs. (D) Representative images of 
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irradiated mSGSCs of Gdnfwt/hyperand Gdnfwt/wt mice. (E) Cell population doubling of 

mSGSCs of Gdnfwt/hyper and Gdnfwt/wt mice after irradiation (0,1Gy, 2Gy, 4Gy, 8Gy). (F) 

GDNF mRNA expression.  Error bars represent standard error of mean. *, P<0.05, **, 

P<0.01, N=3. Scale bar=200 µm. 

Next, we investigated the effect of endogenous GDNF on mSGSCs in the adult 

gland. No significant differences in appearance and gland weight were observed 

between Gdnfwt/hyper and Gdnfwt/wt mice (Fig 2A). Moreover, no difference in ability 

to form primary spheres from tissue were observed (Fig. 2B). To investigate 

potential differences in stem cells number within the glands, primary spheres were 

assessed for CD24/CD29, known to contain salivary gland stem cell [24], using 

flow cytometry (Fig. 2C). Corresponding to our previous observation, no 

significant differences in both, CD24hi/CD29med putative progenitors and 

CD24hi/CD29hi stem cell enriched populations, were observed. These data suggests 

that high endogenous levels of GDNF do not change adult salivary gland 

homeostasis and stem cell number.  

Next, we investigated the effect of GDNF on mSGSC long-term self-renewal 

potential (Fig. 2D). To this end, primary spheres were dissociated into single cells 

and passaged every 7 days (Fig. 2D) [24]. Indeed, we observed an increase in 

mSGSCs sphere formation efficiency during passages between Gdnfwt/hyper and 

Gdnfwt/wt mice (p<0.05)(Fig. 2E), accompanied by an increase of sphere size in 

Gdnfwt/hyper mice (Fig. 2F). Interestingly, passaging increased Gdnf mRNA levels in 

mSGSCs of Gdnfwt/hyper mice when compared to Gdnfwt/wt mice (Fig. 2G), GDNF 

protein levels were also higher in mSGSCs from Gdnfwt/hyper mice compared to 

Gdnfwt/wt mice, where GDNF levels remained below the level of detection in our 

analysis (Fig. 2H, GDNFko/ko mice were used as negative control)[28], suggesting 

that an increase in endogenous GDNF contributes to the stem/progenitor cell self-

renewal ability and is accompanied by an even further enhancement of GDNF 

expression during stimulated proliferation.  
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Figure 2.  Endogenous GDNF on adult mSGSCs. (A) Appearance and tissue weight of 

SGs of  Gdnfwt/hyper mice and Gdnfwt/wt mice. (B) salisphere number and number of cells in 
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primary salisphere. (C) Representative flow plots of CD24/CD29 populations. 

Quantification of CD24hiCD29hi and CD24hiCD29med population in Gdnfwt/hyper mice and 

Gdnfwt/wt mice.  (D) Scheme showing long term expansion of mSGSCs. (E) SFE of 

mSGSCs of Gdnfwt/hyper mice and Gdnfwt/wt mice in Matrigel during passages (* P<0.05, 

two-way ANOVA). (F) Representative images of Gdnfwt/hyper mice and Gdnfwt/wt mice 

mSGSC spheres in passage 3 (P3) and passage 7 (P7). (G) qPCR analysis of Gdnf mRNA 

level of Gdnfwt/hyper mSGSCs during passages (normolized to Gdnfwt/wt mice, dashline). (H) 

Western blot images of GDNF protein expression, using GDNFko/ko mice as a negative 

control. Arrowhead show the GDNF bands, the upper bands are unspecific. Error bars 

represent standard error of mean; N=3, scale bar=200 µm.  

Previously it was reported that GDNF levels rise after irradiation [29]. To confirm 

this and test when GDNF protein would increase, we performed a sphere based 

mSGSC irradiation to mimic the tissue response (Fig. 3A). IR significantly 

increased GDNF protein level both at 24h (Fig. 3B, Fig. S3A) and 48h (Fig. 3C, 

Fig. S3B). This was confirmed by in vivo salivary gland irradiation. SG were 

dissected 24h after 10Gy X-irradiation and TissueFAXS were performed on GDNF 

immune-histochemical expression (Fig. 3D, 3E). Indeed, also here GDNF 

expression (Fig. 3F, p<0.05) and intensity (Fig. 3G, p<0.01) increased significantly 

when compared to the un-irradiated controls. 

Based on our observation and published data [12], GDNF may contribute to 

mSGSCs survival and reduce irradiation induced damage. Therefore, we 

questioned what the role of GDNF after irradiation could be. To this end, 15 Gy 

irradiated SG transplanted with 10.000 mSGSCs known to almost completely 

reconstitute the irradiated salivary gland [13], were analyzed for GDNF expression 

3 months after transplantation. GDNF was highly upregulated after IR alone, but 

unprecedentedly down-regulated after transplantation (Fig. 3H). Receptor tyrosine 

kinase (RET) expression for which GDNF is the ligand, co-localized and parallel 

with GDNF expression in salivary gland secretary ducts after IR (Fig. 3I). These 

data indicate upregulation of GDNF after IR and down regulation in a normalized 

situation suggesting an attempt to induce proliferation after IR. 
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Figure 3.  Effect of IR on GDNF expression. (A) Scheme showing isolation method of 

mSGSCs and establishment of 6 day spheres irradiation at 4Gy, cells were collected after 

24h and 48h. (B-C) Western blot quantification data of GDNF in control and in IR group 

after 24h and 48h. (D-G) TissueFAXs of immunofluorescence images for GDNF(red) (D, E) 

and quantification of GDNF expression cells percentage (F) and GDNF intensity (G). (H) 

GDNF single staining on mice salivary gland paraffin sections (control vs IR vs IR+10.000 

P7 mSGSC). (I) RET and GDNF double staining on salivary gland paraffin sections 

(control vs IR vs IR+10.000 P7 mSGSC). Merges are shown. All mice sacrificed 120 days 

after irradiation. All sections exposed to the same labeling protocol. Nuclei are counter 
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stained with DAPI. *, P<0.05 , Student's test. Scale bars=100 µm. N=3 for control, N=3 for 

IR. 

Discussion 

Modulation of the GDNF signaling pathway has been suggested as potential 

therapeutic target to ameliorate radiation-induced xerostomia [12], but the 

mechanism is not completely understood. Here, we show that endogenous 

increased GDNF in GDNF hypermorphic mice [23] does not protect against 

radiation-effects on the salivary gland but rather seems to enhance its regenerative 

potential through enhanced stem cell proliferation. GDNF itself does not increase 

normal morphology, number of stem cells or stem cell potential. However, in a 

regenerative situation, such as in our 3D cell culture system, GDNF enhances self-

renewal, expansion potential and its own expression of mSGSC. Upon irradiation 

wild type animal derived SG cells show increased dose dependent expression of 

GDNF both in vitro and in vivo up to 120 days after irradiation. Interestingly, 

restoring salivary gland function through stem cell transplantation also restores 

normal level of GDNF. Therefore, GDNF seem to be expressed to enhance 

regeneration of salivary glands which may not be possible in a situation of 

sterilized mSGSCs. However, we speculate that when healthy stem cells are 

reintroduced, GDNF may help to stimulate regenerative potential of the salivary 

gland. Therefore, GDNF pathway stimulation may be useful as an additive 

treatment upon stem cell therapy. 

Our findings are consistent with previous reported increase in GDNF expression 

after IR and functional protection by GDNF [12]. The observed larger spheres and 

increased cell number in Gdnfwt/hyper mice after irradiation notwithstanding a 

dramatic reduction in the spheroid formation efficiency, suggest that GDNF may 

regulate mSGSCs regeneration and proliferation after irradiation by certain 

mechanisms, such as GDNF-RET or GDNF-NCAM pathway[30][31]. 
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The observed and previously reported increase in IR induced GDNF expression in 

irradiated salivary glands [12]. In human fibroblast this was shown to be dependent 

on both ATM signaling and P53 activity that regulate both RNA synthesis and 

stability following exposure to IR[29] . Since ATM is the major orchestrator of 

DNA damage response[32], whether GDNF is involved in DNA repair and DNA 

damage response in SGSCs still needs to be further elucidated. We could speculate 

here that GDNF might be induced due to lack of function of the gland through an 

unknown feedback mechanism. Indeed, when some stem cells are still viable, 

stimulation by growth factors such as KGF is able to enhance regeneration[33,34]. 

However, when insufficient stem cells are available, even cytokine stimulation 

does not have any effect. Introduction through transplantation of healthy viable 

stem cells may yield an effect of GDNF restoring the gland function and reducing 

GDNF expression. 

Previous studies have shown that GDNF-RET signaling pathway is involved in 

preventing cell apoptosis and cell death [35][36]. Ret is essential to mediate 

GDNF's protective and regenerative effect[37]. GDNF could attenuate cell loss by 

suppressing cytotoxic signaling pathways and cell suicide and activating both AKT 

and ERK survival pathways. Together, these results imply that irradiation induced 

elevated GDNF may play a role in the radiation response of salivary glands 

through GDNF-RET signaling pathway. 

Conclusion 

Endogenous GDNF doesn’t protect mSGSCs against irradiation, but seems to 

promote mSGSCs regeneration and proliferation likely thorough the GDNF-RET 

signaling pathway. Whether increasing endogenous GDNF levels could contribute 

to patient-specific treatment planning has to be clarified. Further studies will aim at 

elucidating the function of post transplantation stimulation of GDNF/RET pathway 

on the mSGSCs regenerative potential. 
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Supplemental Figures 

 

Supplemental Figure 1. Luciferase assay of GDNF protein  

(A) Scheme of GFRα1/RET/Elk-1-mediated luciferase induction. This reporter–gene 

systems possess exceptionally high sensitivity and a heuristic power to identify novel 

biologically relevant growth factor–receptor interactions, it was used to check GDNF 

protein activity through Luciferase assay[1] (B) GDNF protein activity  were checked by 

Luciferase assay. Lysis buffer used as Blank.   
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Supplemental Figure 2.  Irradiation induce a G1 arrest of SGSCs, but GDNF didn’t 

change SGSC cell population distribution after irradiation.  

(A) Schematic overview of isolation, expansion, and irradiation of mouse salivary gland 

stem cells (control vs IR vs IR plus GDNF), GDNF were added to EM medium 

immediately after seeding cells into Metrigel. Cells were collected after 24h and 72h. (B-

D)Representative cell cycle analysis plots of SGSCs of control (B), IR (C), IR plus GDNF 

(D). (E-F) Histogram showing the percentage of cells in the G1, S and G2/M phase of the 

cells cycle obtained after FACS analysis(control vs RT vs RT plus GDNF). For each 

sample 10.000 cells were acquired.  Error bars represent standard error of mean, N=3, 

*P<0.05, **P<0.01. 
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Supplemental Figure 3. 

Representative Western blot images of GDNF in control and in IR group after 24h (3A) and 

48h (3B). N=3. 
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