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Abstract 11 

Background: Medulloblastoma (MB) is the most common malignant brain tumor in children. 12 

Approximately one third of MB patients remain incurable. Understanding the molecular 13 

mechanism of MB tumorigenesis is therefore critical for developing specific and effective 14 

treatment strategies. Our previous work demonstrated that astrocytes constitute tumor 15 

microenvironment (TME) of MB and play an indispensable role in MB progression. However, 16 

the underlying mechanisms for how astrocytes are regulated and activated to promote MB 17 

remain elusive. 18 

Methods: By taking advantage of Math1-Cre/Ptch1
loxp/loxp

 mice which spontaneously develop 19 

MB, primary MB cells and astrocytes were isolated then underwent administration and 20 

coculture in vitro. Immunohistochemistry was utilized to determine C3a presence in MB 21 

sections. MB cell proliferation was evaluated by immunofluorescent staining. GFAP and 22 

cytokines expression in C3a stimulated astrocytes was assessed by immunofluorescent 23 

staining, western blotting, q-PCR and ELISA method. C3a receptor and TNF-α receptor 24 

expression was determined by PCR. p38 MAPK pathway was detected by western blotting. 25 
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Transplanted MB mice were treated with C3a receptor or TNF-α receptor antagonist to 26 

investigate their role in MB progression in vivo. 27 

Results: We found that complement C3a, a fragment released from intact complement C3 28 

following complement activation, was enriched in both human and murine MB tumor tissue, 29 

and its receptor was highly expressed on tumor-associated astrocytes (TAAs). We 30 

demonstrated that C3a activated astrocytes and promoted MB cell proliferation via p38 31 

MAPK pathway. Moreover, we discovered that C3a upregulated production of pro-32 

inflammatory cytokines such as IL-6, IL-8 and TNF-α in astrocytes. Application of the 33 

conditioned medium of C3a-stimulated astrocytes promoted MB cell proliferation, which was 34 

abolished by preincubation with TNF-α receptor antagonist, indicating a TNF-α -dependent 35 

event. Indeed, we further demonstrated that administration of selective C3a receptor or TNF-α 36 

receptor antagonist to subcutaneous transplantation MB mice suppressed tumor progression in 37 

vivo. 38 

Conclusions: C3a was released during MB development. C3a triggered astrocytes activation 39 

and TNF-α production via p38 pathway, which promoted MB cell proliferation. Our findings 40 

revealed the novel role of C3a-mediated TNF-α production by astrocytes in MB progression. 41 

The findings imply that targeting to C3a and TNF-α may represent a potential novel 42 

therapeutic approach for human MB. 43 

Key words: Medulloblastoma, astrocytes, C3a, TNF-α 44 

Introduction 45 

Medulloblastoma (MB), the most common malignant brain tumor in children, accounts for 46 

approximately 30% of children brain tumors with high mortality and poor prognosis [1, 2]. 47 

MB is classified into 4 main molecular subgroups: Wnt, Hedgehog (Hh), Group 3 and Group 48 

4 [3], among them Hh type MB, which is driven by aberrant activation of Hh signaling,  49 

presents more than 30% of the incidence [4]. MB predominately locates in cerebellum but 50 

spreads to other parts of central nervous system, so the aggressive multi-modality standard 51 
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therapies including surgery, radio- and chemotherapy always cause severe side effects in 52 

patients such as cognitive disorder, endocrine dysfunction and ataxia etc [5, 6]. Although 53 

some targeted therapy improves patients outcome at the beginning of treatment, drug 54 

resistance is arisen soon caused by treatment induced gene mutations in tumor cells [7].  So 55 

multi-angle/multi-targeting therapeutic strategies need to be developed urgently. While the 56 

mechanisms of MB tumorigenesis in not completely elaborated yet, which limits the 57 

proceeding of developing new strategies. Current hot spots of MB research focus on 58 

investigating molecular profiles and mechanisms of tumor cells themselves [8]. Actually, 59 

non-tumor cell populations in tumor microenvironment (TME) of MB also deserve attention 60 

since TME plays essential roles in tumorigenesis of many cancers as well as presents 61 

potential therapeutic targets [9].  62 

Astrocytes are the most abundant glial cells in mammalian brains expressing specific 63 

markers such like S100β [10], astrocyte cell surface antigen 2 (ACSA-2)[11], and glial 64 

fibrillary acid protein (GFAP)[12-14]. Astrocytes support development and function of 65 

neurons under physiological conditions [15, 16]. Published studies reported that astrocytes 66 

enhance tumor cell survival during chemotherapy [17], and astrocytes produce pro-67 

inflammatory cytokines to promote gliomas growth and metastasis [18-20]. These reports 68 

claimed astrocytes as TME components in both primary and metastatic brain tumors. 69 

Consistent with these findings, our recent studies demonstrated for the first time that TAAs 70 

are the pivotal components in MB TME, and play an indispensable role in not only primary 71 

but also relapsed MB progression [21, 22]. In these studies we found TAAs in MB upregulate 72 

numbers of gene expression as well as the ability to promote MB cell proliferation compared 73 

with primary astrocytes derived from normal mice. However the mechanisms of how TAAs 74 

are regulated and activated to support MB have not been revealed. In current study, we aim to 75 

investigate the underlying mechanisms by which astrocytes are modulated to construct TME 76 

during MB development. Taking into astrocytes activation, it was summarized by Liddelow et 77 

al. couple years ago that astrocytes become reactive in the pathogenesis of neuroinflammation 78 
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and ischemia [23]. And astrocytes were also showed to be activated in other neural 79 

dysfunction such like neural injury and neurodegenerative diseases [24-26] . Some research 80 

reported that astrocytes activation in physiology and pathology attributes to complement C3a. 81 

For instance, C3a stimulates astrocytes producing growth factors to support neurons [27], and 82 

C3a promotes astrocytes survival in ischemia [28]. Moreover, C3a upregulates pro-83 

inflammatory cytokines and chemokines expression in astrocytes [29, 30]. Here we were 84 

wondering if C3a contributes to TAAs activation during MB tumorigenesis. 85 

Complement C3a is the product of complement system activation. Complement system, the 86 

critical component of innate immune system, constitutes the first line of body defense. 87 

Complement system composed of more than 30 proteins and can be activated through 3 88 

different pathways: classical, alternative, and lectin pathways. Whereas all 3 pathways merge 89 

at complement 3 (C3). Accompanied by complement activation, C3 protein is cleaved to 90 

release a peptide C3a [31, 32]. C3a, also termed as anaphylatoxin, is identified as a pro-91 

inflammatory peptide. Through binding to its receptor (C3a receptor, C3aR), C3a triggers 92 

migration and activation of inflammatory cells including granulocytes, macrophages, mast 93 

cells and T cells etc [33-37]. As a result, over activated C3a-C3aR signaling causes multiple 94 

diseases more than inflammation [38]. C3a-C3aR signaling has also been found to play a 95 

promotive role in cancers including ovarian cancer, lung cancer and melanoma [39, 40] . In 96 

view of C3a’s function in astrocytes activation and cancer regulation, combining with the fact 97 

that astrocytes are the major component of MB microenvironment, we hypothesized that C3a 98 

may activate astrocytes and promotes MB development. 99 

Materials and Methods   100 

Animals 101 

Wild-type (WT) C57BL/6 mice and CB17/SCID mice were obtained from Beijing Vital 102 

River Laboratory Animal Technology Co., Ltd.; Math1-Cre/Ptch1
loxp/loxp

 mice and eGFP mice 103 

were bred by ourselves. Math1-Cre/Ptch1
loxp/loxp

 mice were generated by Dr. Yang as 104 

described previously [41],  in these mice Ptch1 is conditionally deleted in Math1 positive 105 
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cells which are MB original cells, granule neuron precursors (GNP). These mice develop MB 106 

spontaneously starting from 6-8 weeks old. Homozygous Math1-Cre/Ptch1
loxp/loxp

 mice were 107 

screened from heterozygotes breeding pairs for MB tumor model, and Math1-Cre/Ptch1
wt/wt

 108 

littermates were used as controls. Math1-Cre/Ptch1
loxp/loxp

 mice were cross-mated with eGFP 109 

mice to obtain eGFP positive MB cells. All mice were housed in specific pathogen- free 110 

facility at School of Pharmaceutical Sciences Soochow University.  111 

Primary cell isolation and culture  112 

As described previously [21], for primary MB cells isolation and culture, tumor-bearing 113 

Math1-Cre/Ptch1
loxp/loxp

 or Math1-Cre/Ptch1
loxp/loxp

 /eGFP mice were sacrificed and their 114 

heads were exposed. Tumor tissues were removed from cerebella and digested in papain 115 

buffer consisting of 10 U/mL papain (Worthington), 250 U/mL DNase (Sigma) and 200 116 

ug/mL L-cysteine (Sigma) for 30 minutes at 37℃ to acquire single-cell suspension. These 117 

cells were used to generate subcutaneous transplantation MB model. To obtain purified MB 118 

cells, the single cell suspension was then separated through 35%-65% Percoll medium 119 

(Sigma). MB cells were located in the 65% concentration layer. Tumor cells were suspended 120 

in NB-B27 culture medium (Neurobasal, 1 mM sodium pyruvate, 2 mM L-glutamine,  2% 121 

B27 supplement, all from Gibco, and 1% penicillin/streptomycin, Beyotime) and seeded on 122 

poly-D-lysine-coated cover-slips placed in 24-well plates.  123 

To isolate tumor-associated astrocytes (TAAs), single cell suspension of MB tissue was 124 

obtained as above, cells were stained with APC conjugated anti-ACSA-2 antibody (1:20, 125 

Miltenyi Biotec), then TAAs were sorted and collected by FACS(Aria II, BD Bioscience) 126 

according to APC positive staining. For primary astrocytes culture, cerebella of WT mice at 127 

postnatal day2 (P2) were dissected and digested as mentioned above to acquire single-cell 128 

suspension, and cells were cultured in DMEM/F12 medium (Hyclone) containing 10% fetal 129 

bovine serum (FBS, Gibco) and 1% penicillin/streptomycin. When the cells grow to 80% 130 

confluence, they were digested with 0.25% trypsin-EDTA (Beyotime) for passage. Cells were 131 

generally passed to two to three generations for experiments.  132 
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Chemical and protein reagents 133 

Recombinant mouse C3a, TNF-α, IL-6 and IL-8 were from Novoprotein. C3a was used for 134 

primary astrocytes stimulation at indicated concentration; TNF-α, IL-6 and IL-8 were 135 

administrated on MB cells at lower (200 ng/mL) and higher (500 ng/mL) concentration, data 136 

showed in results are presentative of 500 ng/mL treatment groups.  C3aR antagonist 137 

(SB290157), p38 inhibitor (SB203580) and TNF-α receptor antagonist (R-7050) are all 138 

purchased from ApexBio. SB203580 was used at 2 μM for astrocytes administration, and R-139 

7050 was used at 500 nM for MB cells administration in vitro. 140 

Coculture of astrocytes and MB cells 141 

Primary astrocytes and purified MB cells were mixed at 1:10 ratio and cocultured in MB 142 

medium NB-B27 for 48 hours. In certain experiments, astrocytes were pre-treated with C3a or 143 

both C3a and p38 inhibitor for 24 hours, then cells were harvested and washed with PBS for 3 144 

time before cocultured with MB cells. To collect astrocytes conditioned medium, astrocytes 145 

were cultured in DMEM/F12 medium with C3a or vehicle as control for 24 hours, and 146 

supernatant was removed before addition of fresh medium. Astrocytes were cultured for 147 

another 24 hours for conditioned medium collection. MB cells were then cultured in 148 

astrocytes conditioned medium mixed with NB-B27 at 1:1 ratio for 48 hours. 149 

Subcutaneous transplantation MB model and treatment experiments 150 

4-6-week-old male CB17/SCID mice were subcutaneously injected with 2×10
6 
MB cells 151 

per mouse at hind flanks. Tumor volume was measured and calculated as (W
2
×L)/2 (W, width; 152 

L, length). When tumor volume reached to 200 mm
3
, mice were randomly grouped and 153 

received treatments. For both in vivo treatment experiments, C3aR antagonist SB290157 or 154 

TNF-αR antagonist R-7050 were dissolved in 3% DMSO in MCT (0.5% methyl cellulose 155 

containing 0.2% Tween -80, Solarbio). MB tumor bearing mice were injected 156 

intraperitoneally with SB290157 (30 mg/kg body weight) or R-7050 (30 mg/kg body weight) 157 

or vehicle control once a day for 8 days at designated sites respectively. Tumor volume was 158 
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measured daily. Tumors were harvested at the end of treatment and underwent the sectioning 159 

and RNA or protein samples preparation. 160 

Immunohistochemistry and Immunofluorescent staining 161 

For immunohistochemistry, MB bearing and WT normal mice were perfused, cerebella as 162 

well as subcutaneous allografts were dissected and fixed in 4% paraformaldehyde (PFA, 163 

Macklin) for 24 hours at 4℃, then cryoprotected in 30% sucrose and embedded in parafin 164 

followed by sectioning at 6 μm thickness. Human Hh type MB sections were purchased from 165 

US Biomax, Inc. Sections were sent to Wuhan Servicebio Technology for 166 

immunohistochemistry staining of C3 and C3a. The antibodies used for detection were: anti-167 

human/mouse C3 polyclonal antibody (1:100, GeneTex), anti -human C3a monoclonal 168 

antibody, clone 2991 (1:200, BIO-RAD), anti-mouse C3a monoclonal antibody, clone  I87-169 

1162 (1:200, BD Biosciences). Hematoxylin-eosin (H&E) staining was performed to compare 170 

the histological properties between WT normal cerebellum, primary MB and subcutaneous 171 

tumor following the standard protocol.  172 

For immunofluorescent staining, tissues were harvested as above and frozen in Tissue Tek-173 

OCT (Thermo Fisher Scientific), then sectioned at 10-12μm thickness. Sections were blocked 174 

with PBS containing 0.2% Triton X-100 (Bioshrap) and 1% Bovine serum Albumin (BSA, 175 

Fisher bioreagents) for 1 hour at room temperature. Then sections were incubated with 176 

primary antibody overnight at 4℃. The next day, sections were exposed to secondary 177 

antibody conjugated with appropriate fluorescein for 2 hours at room temperature. DAPI 178 

(Beyotime) staining was performed for 10 minutes. Immunofluorescent staining for cells 179 

followed the same protocol, before staining, cells were fixed in 4% PFA for 15 min and 180 

permeabilized with PBS containing 0.2% Triton X-100  for 10 minutes at room temperature. 181 

Finally, slides were mounted with Fluoromount-G (Southern Biotechnology) and visualized 182 

by a Nikon microscope. All antibodies were diluted in PBS containing 0.2% Triton X-100 183 

and1% BSA. Primary antibodies and dilution ratio were as follows: anti-Ki67 (1:200, Abcam, 184 

ab15580), anti-cleaved caspase-3 (1:200, Cell Signaling Technology, CST9661), anti-GFAP 185 
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(1:200, BD, 556330). Secondary antibodies and dilution ratio were as follows: goat anti-186 

rabbit-Alexa Fluor 594 (1:200, Proteintech, SA00006-4), goat anti-mouse-Alexa Fluor 488 187 

(1:200, Proteintech, SA00006-2), and goat anti-rabbit-Alexa Fluor 488 (1:200, Proteintech, 188 

SA00006-1). 189 

Western blotting 190 

Cell lysate or MB tissue homogenate was prepared in RIPA buffer (Thermo Fisher 191 

Scientific) containing protease and phosphatase inhibitors cocktail (Roche) and total protein 192 

concentration were evaluated using BCA Protein Assay Kit (Beyotime). Then equal amount 193 

of protein samples were loaded and separated in 10% SDS-PAGE (Beyotime) and transferred 194 

onto PVDF membrane (Millipore). Membranes were blocked with TBS containing 0.05% 195 

Tween-20 and 5% defatted milk powder and incubated overnight at 4℃with primary 196 

antibodies against GFAP (1:200, BD Biosciences, 556330), GAPDH (1:5000, Proteintech, 197 

60004), total p38 (1:1000, Cell Signaling Technology, CST, 9212), phosphorylated p38 198 

(1:1000, CST, 9215), β-tubulin (1:10000, proteintech, 66240), phosphorylated Erk1/2 (1:1000, 199 

CST, 4370) and total Erk (1:1000, CST, 4695). The following day, membranes were 200 

incubated with HRP (horseradish peroxidase) conjugated secondary antibodies: anti-mouse 201 

IgG (1:5000, CST, 7076), anti-rabbit IgG (1:5000, CST, 7074) at room temperature for 2 202 

hours. Bands were visualized using High-signal ECL substrate (Beyotime) and exposed on 203 

ChemiScope 3300 mini (Clinx).  204 

ELISA (enzyme-linked immunosorbent assay) 205 

Tissue homogenate and cultured cell conditioned medium was centrifuged, the supernatant 206 

was collected to perform ELISA. Total protein concentration of samples was detected with 207 

BCA Protein Assay Kit (Beyotime) and adjusted to be equal in each group. To detect C3a, 208 

96-well plate was precoated with purified anti-mouse C3a monoclonal antibody (1:500, clone 209 

I87-1162, BD Biosciences, 558250) overnight at 4℃. Plate was washed with PBST (PBS 210 

containing 0.05% Tween-20) and blocked with 1% BSA in PBST. Samples as well as 211 

standards (purified mouse C3a protein, BD Biosciences, 558618) were added into wells and 212 
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incubated for 1 hour at room temperature. Biotinylated anti-mouse C3a antibody (1:500, 213 

clone I87-419, 558251) was later used to bind to C3a antigen for 1 hour at room temperature. 214 

Then, streptavidin-HRP (1:1000, BD Biosciences, 554066) was added and incubated for 30 215 

minutes. Finally, substrate TMB (Beyotime) was added for color development, and reaction 216 

was stopped by 1M H2SO4 10 minutes later. Optical density (OD) in each well were read with 217 

microplate reader at 450 nm. C3a level was calculated according to the standard curve. TNF-α 218 

was determined utilizing mouse TNF-α ELISA Kit (Fcmacs) in accordance with given 219 

instruction.  220 

Conventional PCR and real-time quantitative PCR 221 

Total RNA were extracted from cell lysate or tissue homogenate using TRIzol reagent 222 

(Sigma-Aldrich) in Rnase free conditions and the purity of RNA was detected with Nanodrop 223 

2000 spectrophotometer (Thermo). cDNA was synthesized using oligo (dT) and Superscript 224 

II reverse transcriptase (Invitrogen). Conventional PCR was performed following standard 225 

protocol and PCR products were visualized in 1.5% agarose gel. Quantitative PCR reactions 226 

were performed in triplicates using SYBR qPCR Master Mix (Vazyme Biotech) and ABI 227 

7500 TaqMan Real-Time PCR Detection System. The differences in mRNA expression was 228 

calculated by 2
-ΔΔCt

 method. The primers (all for mouse species) involved in the experiments 229 

including: GAPDH (forward: 5-CATCACTGCCACCCAGAAGACTG-3; reverse: 5-230 

ATGCCAGTGAGCTTCCCGTTCAG-3); C3 (forward: 5-231 

CGCAACGAACAGGTGGAGATCA-3); reverse: 5-CTGGAAGTAGCGATTCTTGGCG-3); 232 

C3AR1 (forward: 5-CTGGCGTAAAGATGAAGACGACC-3; reverse: 5-233 

CCAGTGTCCTTGGAGAATCAGG-3); GFAP (forward: 5-234 

CACCTACAGGAAATTGCTGGAGG-3; reverse: 5-CCACGATGTTCCTCTTGAGGTG-3) 235 

IL-6 (forward: 5-CTCTGCAAGAGACTTCCATCCAGT-3; reverse: 5-236 

GAAGTAGGGAAGGCCGTGG-3);  IL-8 (forward: 5-237 

CCATTCCGTTCTGGTACAGTCTG-3; reverse: 5-GTAGCAGACCAGCATAGTGAGC-3); 238 

TNF-α (forward: 5-AGGGTCTGGGCCATAGAACT-3; reverse: 5-239 
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CCACCACGCTCTTCTGTCTAC-3); TNFRSF1A (forward: 5-240 

GTGTGGCTGTAAGGAGAACCAG-3; reverse: 5-CACACGGTGTTCTGAGTCTCCT-3). 241 

Patient data analysis 242 

Relevant patients data were acquired via R2 database (https://hgserver1.amc.nl/cgi-243 

bin/r2/main.cgi). 244 

Statistics  245 

Experimental data are analyzed using Graphpad Prism software. Student’s t test was used to 246 

calculate the difference for experiments containing two groups; For experiments containing 247 

three or more groups, one way ANOVA was used to determine the levels of difference and 248 

Bonferroni was used to perform the posttest of all pairs of data. Differences are considered to 249 

be significant when its value is less than 0.05 (P < 0.05), while P < 0.01 is identified as a very 250 

significant difference. Data are expressed as mean ±  SEM. 251 

Results 252 

Complement C3 is activated and release C3a in tumor tissue during MB development 253 

To explore whether C3a , the complement system activation product,  is involved in MB 254 

tumorigenesis, we first examined the presence of both intact C3 and its bioactive fragment 255 

C3a in MB tissue by IHC staining. As shown in Fig. 1a, tumor sections were obtained from 256 

Hh type MB patient and stained for C3 and C3a proteins respectively, and it was found that 257 

both C3 and C3a were abundantly present at the tumor area, whereas they were not detectable 258 

at the tumor adjacent normal tissue area. Here we used distinct antibodies for intact C3 or C3a 259 

detection: anti-C3 antibody recognizes C-terminal of intact C3, while anti-C3a antibody can 260 

only react with the neo-epitope of C3a after C3 cleavage but not intact C3. To observe this 261 

phenomenon in mouse, a primary MB murine model based on transgenic mice (Math1-262 

Cre/Ptch1
loxp/loxp

 mice) was utilized for investigation. In these transgenic mice, the Hh ligand 263 

antagonistic receptor Patched 1(Ptch1) is conditionally knockedout in Math1 positive cells. 264 

Math1 is the cell marker of granule neuron precursors (GNP) which has been approved to be 265 

MB origin [41]. Absence of functional Ptch1 loses its inhibitory effect of Smoothened (Smo), 266 
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which will in turn activate the down stream transcription factors such as glioma-associated 267 

oncogenes 1 and 2 ( Gli1 and Gli2), followed by the aberrant activation of Hh signaling 268 

pathway, resulting in MB formation. Math1-Cre/Ptch1
loxp/loxp

 mice develop MB spontaneously 269 

starting from 6-8 weeks old with 100 pecent incidence rate. MB tumor tissues derived from 270 

Math1-Cre/Ptch1
loxp/loxp

 mice and normal cerebella of WT littermate controls were collected 271 

and sectioned for C3 and C3a protein detection by IHC. Similar to human patient samples, 272 

both intact C3 and C3a were distributed intensively in tumor tissue, whereas they were barely 273 

detected in normal cerebella control (Fig. 1b, upper and middle panel). Since subcutaneous 274 

transplantation MB model is widely used in basic and preclinical research, we also tested C3a 275 

presence in subcutaneous MB tissue, C3/C3a showed the similar distribution pattern as in 276 

primary intracranial MB tissue (Fig. 1b, lower panel). To further confirm local C3 expression 277 

in MB tissue, quantitative RT- PCR (qPCR) was performed to evaluate C3 mRNA levels. 278 

Result showed that by comparing with WT normal cerebellum, primary MB tissue express 279 

much higher level of C3 (Fig. 1c). As well, by ELISA method, C3a protein levels were found 280 

higher in both primary and transplanted MB tissues (Fig. 1d). Data above indicate that 281 

complement C3 is highly expressed and activated to release C3a in MB tissue, which 282 

prompted us to speculate C3a might be involved in MB tumorigenesis. Moreover, numbers of 283 

published research reported that C3a modulates astrocytes function in certain 284 

neuroinflammatory circumstances. And our previous work elucidated TAAs are the crucial 285 

component of MB tumor microenvironment favoring tumor development. We therefore 286 

hypothesize that C3a might involve in MB progression by regulating TAAs activation. As we 287 

all know that C3a plays its biological role through engaging C3a receptor (C3aR), we then 288 

examined C3aR expression on TAAs and MB tumor cells isolated from Math1-289 

Cre/Ptch1
loxp/loxp

 MB, as well as primary astrocytes derived from normal cerebellum of WT 290 

neonatal mice by conventional PCR and qPCR, murine microglial cell line BV2 cells served 291 

as the positive control for C3aR expression. In MB tumor, both tumor cells and TAAs 292 

expressed C3aR with much higher level in TAAs. Besides, TAAs expressed more C3aR 293 
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compared with normal primary astrocytes (Fig. 1e and f). Thus, C3a is present in MB tissue 294 

and its receptor is highly expressed on astrocytes. 295 

C3a activates astrocytes which promotes MB cells proliferation in vitro 296 

Considering that both MB cells and astrocytes express C3aR, we were wondering whether 297 

C3a will affect tumor cell proliferation or astrocytes performance. To address this question, 298 

purified MB cells and normal primary astrocytes were cultured and treated with recombinant 299 

mouse C3a at indicated concentration in vitro (Fig. 2a-f). As shown in Fig. 2a and b, MB cell 300 

proliferation presented by cell proliferating marker Ki67 immunostaining had not been altered 301 

by 48 hours-treatment with C3a. Neither the cleave caspase 3 (CC3) level had not been 302 

impacted by C3a treatment (Fig. 2c and d), indicating C3a does not affect proliferation nor 303 

apoptosis of MB cells directly. Next we moved to investigate C3a’s effect on astrocytes. After 304 

treatment with C3a for 48 hours in vitro, astrocyte activation marker GFAP was assessed by 305 

immunofluorescent staining (Fig. 2e and f) and western blotting (Fig. 2g) at protein level, as 306 

well as by qPCR at mRNA level (Fig. 2h). We found that C3a markedly increased GFAP 307 

expression level on astrocytes in a dose dependent manner. Then to verify our hypothesis that 308 

C3a may regulate MB cell proliferation indirectly through modulating astrocyte activation, 309 

we performed coculture experiment of MB cells and astrocytes. Before cocultured with MB 310 

cells, astrocytes were pretreated with incremental dose of C3a for 24 hours, then harvested 311 

and washed with PBS thoroughly. After 48 hours-coculture, cells were fixed and underwent 312 

immunostaining for Ki67 to assess MB cell proliferation. As shown in Fig. 2i and j,  MB cell 313 

proliferation was increased by coculture with astrocytes comparing with MB cells alone, 314 

furthermore pretreatment with C3a enhanced the ability of astrocytes for promoting MB cell 315 

proliferation. Taken together, it suggested that C3a could activate astrocytes which increased 316 

the proliferation of MB tumor cells in vitro. 317 

C3a enhances TAAs activation and MB tumor progression in vivo 318 

To further confirm C3a’s role on MB proliferation in vivo, subcutaneous transplantation 319 

MB model was established. Briefly, primary MB tissue was dissociated from cerebellum of 320 



 13 / 32 

 

Math1-Cre/Ptch1
loxp/loxp

 mice and digested to obtain single cell suspension. These cells 321 

including more than 90% MB cells, about 3-5% astrocytes and 5% microglia and 322 

oligodendrocytes [21, 22] were used to establish subcutaneous transplantation model. Tumor 323 

bearing mice were treated with C3aR antagonist which is widely used in C3a studies to block 324 

C3a-C3aR interaction. Tumor volume was monitored every day starting from the first 325 

treatment and the volume change was calculated and curved as shown in Fig. 3a, by 326 

comparing with vehicle (MCT) treatment group, 30 mg/kg C3aR antagonist daily treatment 327 

significantly attenuates tumor progression in vivo. We also tried lower doses of SB290157 (10 328 

mg/kg) or less frequency of treatments, while it showed no effect on tumor growth (data not 329 

shown), so we quit these treatments in formal experiments. Then MB xenografts were 330 

dissociated at the termination of treatment, tumor size was compared as in Fig. 3b,  tumor size 331 

was much smaller in C3aR antagonist treatment group than those in control group. MB 332 

xenografts were also harvested for sectioning to detect MB cell proliferation and TAAs 333 

activation status by immunostaining with Ki67 and GFAP respectively. Results showed that 334 

C3aR antagonist significantly reduced the percentage of proliferating tumor cells and of 335 

activating TAAs (Fig. 3c-e). These data demonstrated that C3a can enhance MB cell 336 

proliferation, TAAs activation and tumor growth in vivo. 337 

C3a activates astrocytes via p38 MAPK pathway 338 

C3a-C3aR is universally accepted to fulfill bioactivities mediated by MAPK pathway [42, 339 

43]. To determine whether C3a regulates astrocytes features through MAPK pathway, we 340 

examined MAPK pathway activation in astrocytes administrated with C3a. By using western 341 

blotting, we found that after 2 hours-administration of C3a, phosphorylation of p38 was 342 

slightly upregulated in astrocytes. And till 4 hours after administration, phosphorylated p38 343 

was markedly increased in astrocytes even with low concentration of C3a (10 nM), whereas 344 

total amount of p38 had not been changed by C3a administration (Fig. 4a). We also detected 345 

the activation of Erk pathway, while no activating was found based on C3a administration 346 

(supplementary Fig. 1). It suggested that C3a triggered astrocytes activation is mediated by 347 
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p38 MAPK pathway. Moreover, as a result of C3a-C3aR-MAPK pathway activating in 348 

astrocytes, some pro-inflammatory cytokines are produced such as IL-6, IL-8 and TNF-α [44]. 349 

We therefore examined these cytokines expression in astrocytes to further confirm if C3a’s 350 

regulation on astrocytes was mediated by p38 pathway. Primary astrocytes were cultured with 351 

C3a at the presence of p38 inhibitor SB203580 or not,  12 hours and 48 hours after incubation, 352 

cells were harvested for qPCR analysis and conditioned medium (CM) was collected for 353 

ELISA analysis respectively. As shown in Fig. 4b, C3a augmented IL-6, IL-8 and TNF-α 354 

expression of astrocytes in a dose dependent manner, whereas p38 inhibitor entirely 355 

counteracted the cytokines augmentation by C3a to the extent even lower than basal level. We 356 

also evaluated TNF-α protein levels in C3a/p38 inhibitor administrated astrocytes CM. 357 

Likewise, C3a induced TNF-α secretion by astrocytes, and the induction was impaired by p38 358 

inhibition significantly (Fig. 4c). Here TNF-α protein level in C3a/SB203580 treated group 359 

had not been reduced to basal level as the mRNA counterpart, it might due to the 360 

consumption of TNF-α protein is not completed at the time point (24 hours after incubation). 361 

Furthermore, to confirm whether the tumor-promoting ability of C3a activated astrocytes is 362 

mediated by p38 pathway, coculture experiment was performed. As described earlier, 363 

astrocytes were pretreated with C3a at the presence of p38 inhibitor or not for 24 hours, then 364 

they were harvested and washed before cocultured with MB cells derived from Math1-365 

Cre/Ptch1
loxp/loxp

 /eGFP mice for another 48 hours. Immunostaining of Ki67 was performed 366 

and Ki67+ MB cells (GFP+) were counted. As shown in Fig.4d and f, C3a pretreated 367 

astrocytes induced more MB cell proliferation, while p38 inhibitor abated C3a’s such effect. 368 

Furthermore, we tested p38 pathway activation in tumor tissue of C3aR antagonist treated 369 

subcutaneous MB mice, and we found that by comparing with vehicle treatment,  C3aR 370 

antagonist treatment inhibited p38 pathway activation in vivo (supplementary Fig. 2). These 371 

data indicate that C3a triggered astrocytes activation is mediated by p38 MAPK pathway. 372 

 C3a activated astrocytes promotes MB cells proliferation through TNF-α secretion 373 
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Next, we made our efforts to pursue the mechanism by which C3a activated astrocytes 374 

regulate MB tumor cell proliferation. Our previous work demonstrated TAAs could produce 375 

Hh ligand to maintain Hh signaling in MB cells via non-canonical Hh pathway [21], therefore 376 

we first tested if C3a activated astrocytes could express more Hh ligand, however no 377 

significant increasement of Hh mRNA in astrocytes was found according to C3a treatment in 378 

vitro (data not shown). Then we moved to investigate the molecules that had been verified 379 

highly expressed in astrocytes attributing to C3a stimulation in our study: GFAP, TNF-α, IL-6 380 

and IL-8 etc. Among them, TNF-α was proved by some studies to accelerate tumor growth 381 

[45, 46], we then examined if it could also enhance MB cell proliferation. First we confirmed 382 

TNF-α receptor (TNF-αR) expression on MB cells (supplementary Fig.3). And we stimulated 383 

purified MB cells with recombinant TNF-α for 48 hours. IL-6 and IL-8 were also included for 384 

paralleled experiment. Ki67 was stained to evaluate the proliferation of MB cells. As shown 385 

in Fig.5a and b, TNF-α but not IL-6 or IL-8 significantly enhanced MB cell proliferation 386 

compared with vehicle control. Subsequently, to determine whether C3a activated astrocytes 387 

promoted MB cell proliferation through TNF-α production, we collected astrocytes CM to 388 

perform the experiment. Primary astrocytes were pretreated with C3a or vehicle control for 24 389 

hours and washed thoroughly, then astrocytes were cultured for another 24 hours without C3a 390 

to obtain CM. Next MB cells were cultured with above astrocytes CM at the presence of 391 

TNF-αR antagonist R-7050 or not for 48 hours. Ki67 was detected by immunofluorenscence 392 

and Ki67+ cells were counted for MB cell proliferation evaluation. As shown in Fig. 5c and d, 393 

compared with control CM, C3a pretreated astrocytes CM markedly increased proliferation of 394 

MB cells, whereas TNF-αR antagonist R-7050 significantly abolished this effect. To exclude 395 

the possible influence of R-7050 on MB proliferation, MB cells were also cultured with single 396 

administration of R-7050, no proliferation difference was detectable compared with control 397 

group. Above results elucidate that C3a activated astrocytes promotes MB cell proliferation 398 

through TNF-α secretion. 399 

TNF-α facilitates MB tumor progression in vivo 400 
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Furthermore, we investigated whether TNF-α production induced by C3a could contribute 401 

to MB growth in vivo. We first compared TNF-α mRNA expression by normal primary 402 

astrocytes and TAAs, and found TAAs expressed more TNF-α (Fig. 6a). We then examined 403 

TNF-α protein levels in MB tissues including primary intracranial MB, subcutaneous 404 

transplanted MB treated with C3aR antagonist or MCT control. Results showed that there was 405 

much more TNF-α protein accumulation in both primary and subcutaneous MB tissues 406 

compared with WT normal cerebellum (Fig. 6b), and that when the subcutaneous MB bearing 407 

mice were treated with C3aR antagonist SB290157, TNF-α protein level in tumor tissue had 408 

been reduced significantly compared with MCT treated group (Fig. 6b), suggesting TNF-α 409 

might involve in C3a’s regulation on MB development in vivo. Since we determined the 410 

positive expression of TNF-αR on MB cells (online resource, sFig.1), we next consulted “R2” 411 

Genomics Analysis and Visualization Platform to analyze the correlation between TNF-αR 412 

mRNA expression levels of tumors in MB patients and their prognosis. Total 632 cases were 413 

analyzed with 466 TNF-αR high expression patients and 146 low expression ones. As shown 414 

in Fig. 6c, up to 60 months overall surival rates were analyzed, the prognostic in TNF-αR low 415 

expression group is significantly better than that in high expression group, which suggested 416 

that TNF-αR signal pathway is harmful in MB development. To verify TNF-α’s role in MB 417 

development in vivo, tumor treatment with TNF-αR antagonist experiment was performed by 418 

utilizing transplantation MB model. We tested few dose of R-7050 for treatment in 419 

preliminary experiment and decided to choose the dose of 30 mg/kg body weight per mice 420 

once a day. As shown in Fig. 6d, by comparing with control MCT treated group, TNF-αR 421 

antagonist treatment effectively impeded tumor progression. MB xenografts were dissected 422 

after 8- days treatment to compare the tumor size, which was much smaller in TNF-αR 423 

antagonist treatment group (Fig. 6e). Simultaneously, tumor tissue was sectioned to examine 424 

tumor cell proliferation by Ki67 immunostaining. As shown in Fig. 6f and g, TNF-αR 425 

antagonist treatment distinctly dampened MB cell proliferation in vivo. These data indicate 426 

that TNF-α promotes MB tumor growth in vivo.  427 
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Discussion 428 

Current therapies for MB are far from optimal. Patients always suffer from side effects 429 

caused by surgery combined with radio- and chemotherapy. Targeted drugs have been 430 

developed in the past decade, however some drugs still showed their defects. For example, the 431 

Hh signal pathway inhibitors targeting SMO, vismodegib and sonidegib, have been reported 432 

to impact skeletal growth in children patients since Hh signal is also required for bone 433 

development [9, 47, 48]. Moreover, treatment of MB or another Hh pathway driven cancer, 434 

basal cell carcinoma (BCC), with these inhibitors causes gene mutations including SMO and 435 

its downstream molecules in tumor cells, which results in drug resistance [49-52]. Whereas, 436 

unlike tumor cells, stroma cells in TME show more genetic stability, so that they present 437 

promising therapeutic targets for tumor treatment. Our previous publications demonstrated 438 

that astrocytes are important TME component and they are activated to play a critical role in 439 

MB. In current study, we investigated the mechanisms of astrocytes activation and 440 

modification in MB development.  441 

Here, we described that C3, the central factor of complement system, was activated and 442 

releasing C3a in MB; and consistent with other publications, C3a activated astrocytes in vitro: 443 

C3a upregulated astrocytes activation marker GFAP and some pro-inflammatory cytokines 444 

expression; C3a stimulated p38 MAPK pathway signal transduction in astrocytes; C3a 445 

enhanced tumor promoting ability of astrocytes. Futhermore, C3aR antagonist treatment 446 

successfully suppressed astrocytes activation and MB progression in vivo, indicating that C3a 447 

contributes to MB development through activating astrocytes. While we can not exclude the 448 

involvement of other cells in MB TME such like microglial/macrophages, given that 449 

microglial/macrophages in brain express C3aR [53, 54], and C3a-C3aR signaling mediates 450 

microglial regulation of neuroinflammation in several neural system diseases. For example, 451 

C3a-C3aR signaling in microglia contributes to β-amyloid pathology and neuroinflammation 452 

in Alzheimer's disease [55]; and this signaling in microglia was recently reported to drive the 453 

pathogenesis of neuromyelitis optica [56]. Meanwhile, microglia/macrophages were 454 
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demonstrated to participate in MB TME [57], although the conclusions are paradoxical that 455 

Maxmov et al. found tumor-associated macrophages impair MB growth [58], whereas Yao et 456 

al. demonstrated microglia promotes MB progression through IGF1 production [59]. In our 457 

study, the ideal approach to exclude C3a’s effect on microglia/macrophages during MB 458 

development is to conditionally knockout C3aR in astrocytes of MB mice, that means to 459 

generate transgenic mice by crossmating GFAP-cre and C3aR
loxp/loxp

 mice, then to crossmate 460 

these mice with MB mice. Unfortunately, our MB model is based on Math1-cre/Ptch1 
loxp/loxp

, 461 

which makes it infeasible to further manipulate the mice breeding.   462 

C3a’s function in medulloblastoma has been seldom reported, Maurer et al. found that 463 

knockdown C3aR in human MB cell line Daoy cells by SiRNA reduced Daoy cell 464 

proliferation in vitro [60]. Inconsistently, in our study although C3aR was expressed on MB 465 

cells, we found C3a did not directly alter MB cell proliferation nor apoptosis in vitro. In our 466 

coculture experiments, to minimize the effect of C3a on MB cells, C3a pretreated astrocytes 467 

have been washed thoroughly before cocultured with MB cells; and astrocytes conditioned 468 

medium has been collected after removed C3a for another 24 hours culture. The reason why 469 

we got different results might lie in the difference between the immortalized human MB cell 470 

line and primary mouse MB cells harvested freshly. C3a is the smaller fragment released from 471 

intact C3 following complement activation, and C3 is wildly expressed by somatic and 472 

myeloid cells. We saw both intact C3 and C3a peptide levels were dramatically higher in MB 473 

tumor tissue compared with adjacent normal tissue, indicating C3 is activating during MB 474 

development. We did not identify the cell source of C3 in MB tumor considering that both C3 475 

and C3a can be secreted into fluid phase and play their roles in autocrine or paracrine 476 

manners. Astrocytes have been proved to express C3 and astrocytes derived C3 regulates 477 

neuroinflammation in both Alzheimer's disease [55] and EAE [61] animal models.Thus C3 in 478 

MB probably is provided by TAAs in our model. As regards how C3 is activated in MB 479 

tumorigenesis, the question remains elusive . A recent published study demonstrated that C3 480 

is activated through lectin pathway during sarcoma progression [62]. And earlier study 481 



 19 / 32 

 

showed that classical and lectin but not alternative pathways are involved in TC-1 lung cancer 482 

cells tumor growth in subcutaneous model [63].While further investigation is needed to 483 

explore the mechanism of C3 activation in MB.  484 

Then in current study, we further investigated the mechanisms of astrocytes activation by 485 

C3a and their promotion of MB cell proliferation. We found that C3a triggered p38 MAPK 486 

pathway activation and TNF-α production in astrocytes; blockage of p38 pathway in 487 

astrocytes or TNF-αR pathway in MB cells significantly decreased MB cell proliferation in 488 

coculture system, indicating activated astrocytes by C3a promote MB cell proliferation 489 

through secreting TNF-α. TNF-α as well as other pro-inflammatory cytokines has been 490 

proved to express based on C3a-C3aR signal transduction, and TNF-α is reported to have 491 

controversial role in cancers, quite a number of studies showed it has pro-tumor function [45, 492 

46]. Here we found MB cells expressed TNF-αR, and TNF-α directly enhanced MB cell 493 

proliferation; TNF-αR antagonist administration deprived MB cells of responding to 494 

conditioned medium of C3a pretreated astrocytes. Finally, TNF-αR antagonist treatement 495 

significantly retarded MB progression in vivo. Our data add new evidence for tumor 496 

promoting role of TNF-α. Given that many activation products might be induced in astrocytes 497 

by C3a-C3aR signaling, we have been attempting to knockdown TNF-α by lentivirus carrying 498 

TNF-α shRNA in astrocytes then perform the coculture experiments. However, even after the 499 

control scrambled lentivirus infection, primary astrocytes almost lost their ability to increase 500 

MB cell proliferation in coculture system. So we can not absolutely exclude other molecules 501 

effect on MB promotion in current system. 502 

Hh type MB is driven by aberrant activation of Hh signaling, and our previous work 503 

demonstrated astrocytes provide Hh ligand to maintain Hh signaling in MB cells. Whereas in 504 

current study, we did not find Hh ligand mRNA was upregulated in astrocytes after C3a 505 

stimulation. Meanwhile, neither C3aR nor TNF-αR antagonist treatment in vivo impacted on 506 

Hh signal pathway target genes expression by MB tumor (data not shown). These data 507 

suggesting C3a triggered astrocytes TNF-α secretion promotes MB tumor growth independent 508 
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of Hh signaling. It seems that there is no crosstalk between C3aR or TNF-αR and Hh signal 509 

pathways in our model. C3a and TNF-α’s effect on MB progression might bypass Hh 510 

pathway. Further efforts are guaranteed for addressing these questions. 511 

Conclusions 512 

Collectively, our studies demonstrate that complement is activated in MB development 513 

releasing C3a; C3a then induces TNF-α production in astrocytes via p38 pathway; TNF-α in 514 

turn promotes MB progression (Fig. 7). We reveal for the first time complement’s role in 515 

astroctyes modification in MB TME, which contributes to MB progression. Our investigation 516 

also test the feasibility of C3aR and TNF-αR antagonist in MB treatment, that help to provide 517 

new therapeutic targets and develop new therapeutic strategies for MB. 518 
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Figure legend: 733 

Fig. 1 Complement C3a is present in MB tissue 734 

 a, Representative IHC staining of intact C3 (left) and C3a (right) in human Hh type MB 735 

tissue, brown color displays the positive staining. N: normal adjacent tissue, T: tumor area, 736 

yellow line defines the boundary between normal and tumor area. b, Left upper and middle 737 

panels show the whole mount of WT normal brain and tumor bearing brain of primary MB 738 

mouse (pMB) respectively with normal cerebellum or MB tumor framed. Left lower panel 739 

shows the dissected tumor mass from subcutaneous transplanted MB model (Subq). The 2
nd

 740 

panels show H&E staining of paraffin embedded sections of the above murine MB tissue. 741 

Frames line out the area for following IHC staining images. The 3
rd

 and 4
th
 panels show the 742 

representative IHC staining of intact C3 (near right) and C3a (far right) in murine MB tumor 743 

tissue. c, Quantitative PCR was performed to determine C3 mRNA levels in normal 744 
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cerebellum of WT mouse and in primary MB tissue. d, C3a protein levels in WT normal 745 

cerebellum , primary MB tissue and subcutaneous transplanted MB tissue were assessed by 746 

ELISA. ***p<0.001 vs WT group in c and d. Conventional RT-PCR (e) and Quantitative RT-747 

PCR (f)  were performed to detect C3a receptor (C3aR, gene: C3AR1) expression in primary 748 

astrocytes (pAS), tumor associated astrocytes (TAAs), purified MB cells (MB) and mouse 749 

microglial cell line BV2 cells, GAPDH served as internal control. ***p<0.001 vs MB cells 750 

group and ### p<0.001 vs pAS group in f. Values are expressed as mean ± SEM from at least 751 

three independent experiments in c, d and f. (IHC: Immunohistochemistry) 752 

Fig. 2 C3a activates astrocytes promoting MB cells proliferation in vitro 753 

 a-d, Purified primary MB cells were treated with C3a at indicated concentration for 48 hours 754 

in vitro. Immunostaining of Ki67 in red color (a and b) or cleaved caspase 3 (CC3, c and d) in 755 

green color was performed to determine the proliferation and apoptosis of MB cells, DAPI 756 

counterstained cell nucleus in blue color. Quantification for percentage of Ki67 + cells (b) and 757 

CC3+ cells (d) was plotted according to a and c respectively. e-f, Primary astrocytes were 758 

stimulated with C3a at indicated concentration for 48 hours in vitro, Immunostaining of 759 

GFAP in green color was performed to examine astrocytes activation (e), and percentage of 760 

GFAP+ cells was quantified (f). Astrocytes were also harvested after C3a administration for 761 

GFAP expression assessment by western blotting at protein level (g) and qPCR at mRNA 762 

level (h). GAPDH served as protein samples loading control. **p<0.01,  ***p<0.001 vs (0 763 

nM C3a) group in b, d, f and h. ns: not significant. i-j, Astrocytes were pretreated with C3a at 764 

indicated concentration for 24 hours and washed thoroughly before cocultured with MB cells 765 

at 1:10 ratio for another 48 hours, then cells were immunostained with Ki67 and GFAP (i), 766 

and the percentage of Ki67+/GFAP- cells was quantified (j). **p<0.01,  ***p<0.001 vs (MB 767 

alone) group in j. Images are presentative and values are expressed as mean ± SEM from at 768 

least three independent experiments.  769 

Fig. 3 C3a enhances astrocytes activation and MB progression in vivo 770 
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 Subcutaneous transplantation MB model was established to investigate C3a’s function on 771 

MB tumor growth in vivo. Whenever subcutaneous tumor volume reached to 200 mm
3
, 772 

tumor-bearing mice were treated with C3aR antagonist SB290157 or vehicle control (MCT) 773 

daily by intraperitoneal injection (30 mg/kg per mice per day). Subcutaneous tumor volume 774 

was monitored every day and volume change was curved based on the fold changes (a), 775 

*p<0.05,  **p<0.01. At the termination of treatment experiment, tumors were dissociated and 776 

photographed to show tumor size (b). c-e, Frozen sections were prepared with tumor tissues 777 

after treatment, immunostaining of Ki67 (in red, upper panel in c) and GFAP (in green, lower 778 

pannel in c) was performed to determine tumor cell proliferation and TAAs activation, DAPI 779 

counterstained cell nucleus. The percentage of Ki67 + (d) or GFAP+ (e) cells in tumor 780 

sections were quantified, ***p<0.001 vs MCT treatment group. Results shown are 781 

representative of at least two independent experiments. Values are expressed as mean ±  SEM 782 

(n = 4 mice/group). 783 

Fig. 4 C3a activates astrocytes via p38 MAPK pathway 784 

 a, Primary astrocytes were cultured in vitro and stimulated with C3a at indicated 785 

concentration for 2 and 4 hours, then cells were harvested and lysed for total p38 and 786 

phosphorylated p38 (p-p38) detection by western blotting, GAPDH served as protein samples 787 

loading control. b-c, Astrocytes were administrated with C3a at indicated concentration with 788 

or without p38 inhibitor SB 203580 as indicated for 12 hours (b) or 48 hours (c), then cells 789 

were harvested to perform qPCR for IL-6, IL-8 and TNF-α expression evaluation (b), or the 790 

conditioned medium was collected for secreting TNF-α protein assessment by ELISA (c). d-e, 791 

Astrocytes were pretreated as above and washed thoroughly before cocultured with MB cells 792 

derived from Math1-Cre/Ptch1
loxp/loxp

 /eGFP mice at 1:10 ratio, 48 hours later cells were fixed 793 

to perform immunostaining for Ki67 in red, DAPI counterstained cell nucleus (d), and 794 

percentage of Ki67+ in GFP+ cells was quantified (e). In b, c and e,  *p<0.05,  ***p<0.001 vs 795 

C3a (-) & SB203580 (-) group; # p<0.05,  ##p<0.01 vs SB203580 (-) & C3a (+) counterparts; 796 
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ns: not significant. Images are presentative and values are expressed as mean ± SEM from 797 

three independent experiments.  798 

Fig. 5 C3a activated astrocytes promotes MB cells proliferation through TNF-α 799 

secretion 800 

 a-b, Purified MB cells were cultured in vitro with the presence of recombinant TNF-α, IL-6, 801 

IL-8 or vehicle control (Ctrl) for 48 hours, then immunostained for Ki67 in red. DAPI 802 

counterstained cell nucleus (a), and the percentage of Ki67+ cells was quantified (b). 803 

***p<0.001, ns: not significant vs Ctrl group. c-d, Astrocytes were pretreated with 100 nM 804 

C3a or vehicle control for 24 hours and washed thoroughly, they were cultured for another 24 805 

hours for conditioned medium (CM) collection. Then purified MB cells were cultured with 806 

the CM above together with TNF-α receptor antagonist R-7050 or not for 48 hours. Ki67 was 807 

immunostained (c) and the percentage of Ki67+ cells was quantified (d). ***p<0.001, ns: not 808 

significant vs Ctrl CM group, # p<0.05 vs (C3a-AS CM+vehicle) group. Images are 809 

presentative and values are expressed as mean ± SEM from three independent experiments.  810 

Fig. 6 TNF-α facilitates MB tumor progression in vivo 811 

 a, Primary astrocytes from normal cerebellum of WT mice (pAS) and TAAs were isolated 812 

and prepared for TNF-α mRNA evaluation by qPCR, **p<0.01. b, Normal cerebellum of WT 813 

mice (WT), primary MB tissue and subcutaneous MB tissue with treatment of C3aR 814 

antagonist SB290157 or MCT control were harvested and homogenized in lysis buffer, and 815 

tissue homogenate samples were centrifuged to collect the supernatant. Then TNF-α protein 816 

in these supernatant was assessed by ELISA method. ***p<0.001 vs WT group; ##p<0.01 vs 817 

MCT group. c, Overall survival rate of MB patients in TNF-αR high (blue line )and low (red 818 

line) expression groups following up to 60 months. Analysis was consulted from R2 819 

Genomics Analysis and Visualization Platform. d-g, Subcutaneous MB bearing mice were 820 

treated with TNF-α antagonist R-7050 or vehicle control (MCT) daily by intraperitoneal 821 

injection (30 mg/kg per mice per day). Subcutaneous tumor volume was monitored every day 822 

and volume was curved based on the fold changes (d). At the termination of treatment, tumors 823 
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were dissociated and photographed to show tumor size (e). Frozen sections were prepared 824 

from tumor tissues after treatment,  Ki67 was immunostained in red color, DAPI 825 

counterstained cell nucleus (f), and the percentage of Ki67 + (d) or GFAP+ (e) cells in tumor 826 

sections were quantified (g), *p<0.05,  **p<0.01. Results shown are representative of  two 827 

independent experiments. Values are expressed as mean ±  SEM (n = 4 mice/group). 828 

Fig. 7 Graphic illustration of conclusions 829 

Supplementary Fig. 1 C3a does not activate Erk pathway in astrocytes 830 

As shown in Fig. 4a, primary astrocytes were stimulated with C3a at indicated concentration 831 

for 4 hours, then cells were harvested and lysed for total Erk and phosphorylated Erk (p-Erk) 832 

detection by western blotting, GAPDH served as protein samples loading control. 833 

Supplementary Fig. 2 C3aR antagonist treatment inhibits p38 MAPK pathway acivation 834 

in tumor tissue of subcutaneous MB mice 835 

Tumor tissue of C3aR antagonist (SB290157) and vehicle (MCT) treated subcutaneous MB 836 

mice were harvested at the termination of treatment, tumor tissue was homogenized to 837 

evaluate phosphorylated p38 (p-p38) and total p38 levels by western blotting. β-tubulin 838 

served as protein samples loading control. 839 

Supplementary Fig. 3 TNF-α receptor is expressed on MB cells 840 

 Primary MB cells (pMB), TAAs and BV2 cells were harvested and lysed for RT-PCR assay 841 

to detect TNF-α receptor (TNFSF1A) expression. GAPDH served as internal control.  842 



Figures

Figure 1

Complement C3a is present in MB tissue a, Representative IHC staining of intact C3 (left) and C3a (right)
in human Hh type MB tissue, brown color displays the positive staining. N: normal adjacent tissue, T:
tumor area, yellow line de�nes the boundary between normal and tumor area. b, Left upper and middle



panels show the whole mount of WT normal brain and tumor bearing brain of primary MB mouse (pMB)
respectively with normal cerebellum or MB tumor framed. Left lower panel shows the dissected tumor
mass from subcutaneous transplanted MB model (Subq). The 2nd panels show H&E staining of para�n
embedded sections of the above murine MB tissue. Frames line out the area for following IHC staining
images. The 3rd and 4th panels show the representative IHC staining of intact C3 (near right) and C3a
(far right) in murine MB tumor tissue. c, Quantitative PCR was performed to determine C3 mRNA levels in
normal cerebellum of WT mouse and in primary MB tissue. d, C3a protein levels in WT normal cerebellum
, primary MB tissue and subcutaneous transplanted MB tissue were assessed by ELISA. ***p<0.001 vs
WT group in c and d. Conventional RT-PCR (e) and Quantitative RT748 PCR (f) were performed to detect
C3a receptor (C3aR, gene: C3AR1) expression in primary astrocytes (pAS), tumor associated astrocytes
(TAAs), puri�ed MB cells (MB) and mouse microglial cell line BV2 cells, GAPDH served as internal control.
***p<0.001 vs MB cells group and ### p<0.001 vs pAS group in f. Values are expressed as mean ±SEM
from at least three independent experiments in c, d and f. (IHC: Immunohistochemistry)



Figure 2

C3a activates astrocytes promoting MB cells proliferation in vitro a-d, Puri�ed primary MB cells were
treated with C3a at indicated concentration for 48 hours in vitro. Immunostaining of Ki67 in red color (a
and b) or cleaved caspase 3 (CC3, c and d) in green color was performed to determine the proliferation
and apoptosis of MB cells, DAPI counterstained cell nucleus in blue color. Quanti�cation for percentage
of Ki67 + cells (b) and CC3+ cells (d) was plotted according to a and c respectively. e-f, Primary astrocytes



were stimulated with C3a at indicated concentration for 48 hours in vitro, Immunostaining of GFAP in
green color was performed to examine astrocytes activation (e), and percentage of GFAP+ cells was
quanti�ed (f). Astrocytes were also harvested after C3a administration for GFAP expression assessment
by western blotting at protein level (g) and qPCR at mRNA level (h). GAPDH served as protein samples
loading control. **p<0.01, ***p<0.001 vs (0 nM C3a) group in b, d, f and h. ns: not signi�cant. i-j,
Astrocytes were pretreated with C3a at indicated concentration for 24 hours and washed thoroughly
before cocultured with MB cells at 1:10 ratio for another 48 hours, then cells were immunostained with
Ki67 and GFAP (i), and the percentage of Ki67+/GFAP- cells was quanti�ed (j). **p<0.01, ***p<0.001 vs
(MB alone) group in j. Images are presentative and values are expressed as mean ±SEM from at least
three independent experiments.

Figure 3



C3a enhances astrocytes activation and MB progression in vivo Subcutaneous transplantation MB model
was established to investigate C3a’s function on MB tumor growth in vivo. Whenever subcutaneous
tumor volume reached to 200 mm3 , tumor-bearing mice were treated with C3aR antagonist SB290157 or
vehicle control (MCT) daily by intraperitoneal injection (30 mg/kg per mice per day). Subcutaneous tumor
volume was monitored every day and volume change was curved based on the fold changes (a), *p<0.05,
**p<0.01. At the termination of treatment experiment, tumors were dissociated and photographed to show
tumor size (b). c-e, Frozen sections were prepared with tumor tissues after treatment, immunostaining of
Ki67 (in red, upper panel in c) and GFAP (in green, lower pannel in c) was performed to determine tumor
cell proliferation and TAAs activation, DAPI counterstained cell nucleus. The percentage of Ki67 + (d) or
GFAP+ (e) cells in tumor sections were quanti�ed, ***p<0.001 vs MCT treatment group. Results shown are
representative of at least two independent experiments. Values are expressed as mean ± SEM (n = 4
mice/group).

Figure 4

C3a activates astrocytes via p38 MAPK pathway a, Primary astrocytes were cultured in vitro and
stimulated with C3a at indicated concentration for 2 and 4 hours, then cells were harvested and lysed for
total p38 and phosphorylated p38 (p-p38) detection by western blotting, GAPDH served as protein
samples loading control. b-c, Astrocytes were administrated with C3a at indicated concentration with or
without p38 inhibitor SB 203580 as indicated for 12 hours (b) or 48 hours (c), then cells were harvested to
perform qPCR for IL-6, IL-8 and TNF-α expression evaluation (b), or the conditioned medium was collected
for secreting TNF-α protein assessment by ELISA (c). d-e, Astrocytes were pretreated as above and
washed thoroughly before cocultured with MB cells derived from Math1-Cre/Ptch1loxp/loxp 793 /eGFP



mice at 1:10 ratio, 48 hours later cells were �xed to perform immunostaining for Ki67 in red, DAPI
counterstained cell nucleus (d), and percentage of Ki67+ in GFP+ cells was quanti�ed (e). In b, c and e,
*p<0.05, ***p<0.001 vs C3a (-) & SB203580 (-) group; # p<0.05, ##p<0.01 vs SB203580 (-) & C3a (+)
counterparts; ns: not signi�cant. Images are presentative and values are expressed as mean ±SEM from
three independent experiments.

Figure 5

C3a activated astrocytes promotes MB cells proliferation through TNF-α secretion a-b, Puri�ed MB cells
were cultured in vitro with the presence of recombinant TNF-α, IL-6, IL-8 or vehicle control (Ctrl) for 48
hours, then immunostained for Ki67 in red. DAPI counterstained cell nucleus (a), and the percentage of
Ki67+ cells was quanti�ed (b). ***p<0.001, ns: not signi�cant vs Ctrl group. c-d, Astrocytes were
pretreated with 100 nM C3a or vehicle control for 24 hours and washed thoroughly, they were cultured for
another 24 hours for conditioned medium (CM) collection. Then puri�ed MB cells were cultured with the
CM above together with TNF-α receptor antagonist R-7050 or not for 48 hours. Ki67 was immunostained
(c) and the percentage of Ki67+ cells was quanti�ed (d). ***p<0.001, ns: not signi�cant vs Ctrl CM group,
# p<0.05 vs (C3a-AS CM+vehicle) group. Images are presentative and values are expressed as mean
±SEM from three independent experiments.



Figure 6

TNF-α facilitates MB tumor progression in vivo a, Primary astrocytes from normal cerebellum of WT mice
(pAS) and TAAs were isolated and prepared for TNF-α mRNA evaluation by qPCR, **p<0.01. b, Normal
cerebellum of WT mice (WT), primary MB tissue and subcutaneous MB tissue with treatment of C3aR
antagonist SB290157 or MCT control were harvested and homogenized in lysis buffer, and tissue
homogenate samples were centrifuged to collect the supernatant. Then TNF-α protein in these
supernatant was assessed by ELISA method. ***p<0.001 vs WT group; ##p<0.01 vs MCT group. c, Overall
survival rate of MB patients in TNF-αR high (blue line )and low (red line) expression groups following up
to 60 months. Analysis was consulted from R2 Genomics Analysis and Visualization Platform. d-g,
Subcutaneous MB bearing mice were treated with TNF-α antagonist R-7050 or vehicle control (MCT) daily
by intraperitoneal injection (30 mg/kg per mice per day). Subcutaneous tumor volume was monitored
every day and volume was curved based on the fold changes (d). At the termination of treatment, tumors
were dissociated and photographed to show tumor size (e). Frozen sections were prepared from tumor



tissues after treatment, Ki67 was immunostained in red color, DAPI counterstained cell nucleus (f), and
the percentage of Ki67 + (d) or GFAP+ (e) cells in tumor sections were quanti�ed (g), *p<0.05, **p<0.01.
Results shown are representative of two independent experiments. Values are expressed as mean ± SEM
(n = 4 mice/group).

Figure 7

Graphic illustration of conclusions
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