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ABSTRACT 

The percentage of Hodgkin and Reed-Sternberg (HRS) tumor cells in Hodgkin 

lymphoma (HL) is very low and they reside within an abundant inflammatory 

microenvironment. Chemokines and cytokines produced by HRS cells and by 

infiltrating cells shape the environment and provide proliferative and survival 

signals to the HRS cells. The aim of this study was to confirm the previously 

identified mutations of CSF2RB in four out of seven HL cell lines and to identify 

the functional relevance of these mutations. CSF2RB encodes for the common 

β chain shared by the interleukin-3 (IL-3), interleukin-5 (IL-5) and granulocytic 

macrophage colony-stimulating factor (GM-CSF) receptors. CSF2RB signals 

through the JAK2/STAT5 pathways to promote survival, proliferation and 

differentiation. We validated the cell line mutations by Sanger sequencing and 

RNA sequencing. Two missense mutations (V212I and A715S) in KMH2, a 

missense (V524M) and frame shift mutation (c.2500_2501del) in SUPHD1, a 

frame shift mutation (c.2198del) in L1236 and a stop gain mutation (Q809*) in 

DEV cells were confirmed at the DNA and mRNA levels. We were unable to 

determine whether the two mutations present in KMH2 and SUPHD1 were 

present on the same parental allele or not. By flow cytometry, CSF2RB levels 

were slightly higher in the cell lines with a mutation as compared to the HL cell 

lines with wild type CSF2RB. SUPHD1 and L428 showed high IL3RA 

expression levels compared to the other cells at the mRNA and protein level. 

IL5RA mRNA expression was detected in SUPHD1, L1236 and L428 and not in 

the other 4 HL lines. CSF2RA expression levels were very low or undetectable 

in all seven HL cell lines. For cytokines, IL-3 levels were undetectable in culture 

medium of HL cell lines, IL-5 was detectable only in L428 and GM-CSF was 

detected in 4 HL cell lines. No effects were observed upon stimulation with any 

of the three cytokines. In conclusion, we confirmed the mutations previously 

reported by whole exome sequencing. However, we did not see an effect on 

growth upon exogenous cytokine addition. 

 

 

 

 

 

 

 

 

 



CSF2RB gene mutations in Hodgkin lymphoma 

71 

INTRODUCTION 

Hodgkin Lymphoma (HL) is a B cell derived malignancy characterized by a 

minority of tumor cells, known as Hodgkin Reed-Sternberg (HRS) cells. The 

abundant reactive background is composed of a wide variety of inflammatory 

cells with a predominance of T cells. Chemokines and cytokines produced by 

HRS cells and by the infiltrating cells shape the environment and provide 

proliferative and survival signals to the HRS cells. Despite the loss of B-cell 

receptor (BCR), the master regulator of B cell fate, HRS cells survive due to 

constitutive activation of a number of pathways that regulate tumor cell 

survival.1,2  

 

Whole exome sequencing (WES) of seven HL cell lines revealed recurrent 

mutations in CSF2RB.3 CSF2RB encodes for the common β chain shared by 

the interleukin-3 (IL-3), interleukin-5 (IL-5) and granulocytic macrophage 

colony-stimulating factor (GM-CSF). CSF2RB is co-expressed on the cell 

surface together with the unique α chains of either IL-3, IL-5 or GM-CSF, i.e. 

IL3RA, IL5RA and CSF2RA. This heterodimeric receptor binds IL-3, IL-5 or 

GM-CSF with high affinity and induces downstream signaling by 

phosphorylation of tyrosine residues in CSF2RB. This induces activation of 

Janus kinase 2 (JAK2) and phosphorylation of STAT5. The cytokines that 

share the common β chain have different roles in HL. HRS cells express 

IL3RA, but not IL-3 and addition of IL-3 to HL cell line culture medium promotes 

cell growth.4 Multiple cells present in the microenvironment of cHL produce IL-3 

such as activated T lymphocytes, mast cells and eosinophils. Thus, IL-3 

probably acts as a paracrine growth factor for the HRS cells.4,5 IL-5 is essential 

for eosinophil growth and differentiation6-8 and has been identified in primary 

HRS cells especially in cases with high numbers of eosinophils8. IL-5 is 

probably not a growth factor for cHL, since IL-5 antibodies do not block cell 

growth in HL cell lines.7 GM-CSF is produced by HL cell lines and is an 

essential factor for the differentiation of granulocytes, macrophages and 

eosinophils.6,9,10  

 

In this study we aimed to confirm the previously identified mutations of 

CSF2RB in four HL cell lines. In addition, we present preliminary data on the 

functional relevance of these mutations by analyzing expression of CSF2RB 

and the three α chains and by determining the effect of cytokine stimulation on 

the growth of HL cells. 
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MATERIALS AND METHODS 

Cell lines and primary samples 

DEV (NLPHL, cell line developed in house),11 L428 (nodular sclerosis, DSMZ 

No ACC 197), L1236 (mixed cellularity, DSMZ No ACC 530), KMH2 (mixed 

cellularity, DSMZ No ACC 8), L591 (nodular sclerosis, EBV+, DSMZ No ACC 

602) and L540 (nodular sclerosis, T cell derived, DSMZ No ACC 72) were 

cultured in RPMI 1640 medium (Lonza Walkersville, Walkersville, MD) 

supplemented with 5% (L428), 20% (DEV, L540) or 10% (other cell lines) fetal 

calf serum, 100U/ml penicillin/streptomycin and ultraglutamine (Lonza 

Walkersville) in a 5% CO2 atmosphere at 37°C. SUPHD1 (lymphocyte 

depleted subtype, DSMZ No ACC 574) was cultured in McCoy 5A medium 

supplemented with 10% fetal calf serum. The origin of all cell lines was 

confirmed with STR DNA analysis 2 to 3 times per year. Mycoplasma tests 

were performed routinely to exclude contamination of the cell lines. 

 

DNA and RNA extraction and purification 

DNA was isolated using the salt-chloroform extraction method and RNA was 

isolated using TRIzol (Life technologies, Carlsbad, USA) following standard 

protocol provided by the manufacturer. DNA and RNA concentrations and 

purity were measured on a Nanodrop ND-1000 Spectrophotometer (Nanodrop 

Technologies, Wilmington, USA). Only good quality DNA and RNA samples 

were used for further analysis. 

 

Sanger sequencing and RNA sequencing 

Primer sets were designed to amplify the region containing the known CSF2RB 

mutations at the DNA and mRNA level (Table 1). Amplification reactions were 

performed using Taq DNA polymerase kit (Invitrogen, Carlsbad, USA) and 

Qiagen long-range PCR kit (Qiagen, Venlo, The Netherlands) following 

standard protocols provided by the manufacturer. PCR products were gel 

purified using high pure PCR product purification kit (Roche, Mannheim, 

Germany) and sent for Sanger sequencing (LGC Genomic, Teddington, UK). 

RNA-seq data from previous publications was used (Steidl et al.12 and Twa et 

al.13, personal communication). 

 

cDNA synthesis and (Qualitative) RT-PCR 

Complementary DNA (cDNA) was synthesized from 500ng of total RNA using 

Superscript II RT (Invitrogen) and random hexamers in a final volume of 20µl. 

Quantitative (q)RT-PCR was performed in triplicate in a volume of 10ul using 

SYBR Green master mix and the Lightcycler 480 (Roche, Mannheim,  



CSF2RB gene mutations in Hodgkin lymphoma 

73 

Germany). TBP was used as a housekeeping gene for normalization. Relative 

expression levels are expressed as 2-(delta Cp). Primers used for the amplification 

are listed in Table 1.  

 

CSF2RB, CSF2RA, IL5RA and IL3RA protein expression 

The presence of membranous CSF2RB, IL3RA, IL5RA and CSF2RA on HL cell 

lines was determined on the BD FACS Calibur (BD Biosciences, New Jersey, 

USA) using PE-labeled mouse anti-CSF2RB antibody (ab93509, Abcam), PE 

mouse IgG1 isotype control (IQP-191R, IQP Products QV, Groningen, The 

Netherlands), APC mouse anti-IL3RA (BD560087, BD Biosciences), APC 

mouse IgG2a κ isotype control (BD555576, BD Biosciences), rabbit anti-IL5RA 

(PA5-25159, Thermo Fisher), rabbit IgG monoclonal isotype control (ab172730, 

Abcam), Alexa Fluor® 647 mouse anti-CSF2RA (BD564046, BD Biosciences) 

and Alexa Fluor® 647 mouse IgG1 κ isotype control (BD557714, BD 

Biosciences).  

 

IL-3, IL-5 and GM-CSF levels in culture supernatant of HL cell lines 

2x105 cells per ml were cultured in triplicate in RPMI 1640 with FCS and 

supernatants were collected after 24 hours. IL-3, IL-5 and GM-CSF levels were 

measured by ELISA kits, IL-3 (DY203-05, R&D Systems, Minneapolis, MN, 

USA), IL-5 (IL-3 (DY205-05, R&D Systems) and GM-CSF (IL-3 (DY215-05, 

R&D Systems) according to the instructions provided by the manufacturer. 

RPMI 1640 supplemented with 10% FCS was used as the baseline for the 

levels of secreted cytokines. 

 

Alamar blue test  

Cellular growth after stimulation and inhibition was evaluated by alamar blue 

tests (AbD Serotec, Oxford, UK). Cells were seeded at 10,000 - 20,000 cells/ml 

in 96-well plates in serum free medium and 0, 2, 5 and 10ng/mL of each 

cytokine, human IL-3 (203-IL, R&D Systems) and human IL-5, (205-IL, R&D 

Systems). After 44 hours, 10 µL of alamar blue was added to each well. The 

fluorescence was measured at 48 hours, 52 hours and 68 hours with an 

excitation of 560 nm and emission at 590 nm. 

 

RESULTS AND DISCUSSION 

Previously, we reported heterozygous CSF2RB mutations in KMH2, SUPHD1, 

DEV and L1236 cells by WES3 (Figure 1A). We found two missense mutations 

(V212I and A715S) in KMH2, a missense (V524M) and a frame shift mutation 

(c.2500_2501del) in SUPHD1, a frame shift mutation (c.2198del) in L1236 and  

4 
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a stop gain mutation (Q809*) in DEV cells. We confirmed these mutations at 

the DNA and mRNA levels by Sanger sequencing (Figure 1B). Since KMH2 

and SUPHD1 each contained 2 mutations we tried to determine whether these 

were present at the same parental allele or not. Despite several attempts using 

normal and long-range PCR approaches we were unable to amplify the region 

covering both mutations in KMH2 and SUPHD1 at the DNA or RNA level, so 

this remains undetermined. 

 

Analysis of published data on flow-sorted HRS cells of 10 cHL cases revealed 

CSF2RB mutations in 3 cases, i.e. 2 frameshift mutations (c.2500_2501del and 

c.2360dup) and 1 stop gain mutation (Q817*)14 (Figure 1A). One of the 

frameshift mutations was identical to the frame shift mutation observed in 

SUPHD1. This deletion in exon 14 (c.2500_2501del) overlaps with the region 

that has been shown to negatively regulate growth. These findings indicate that 

CSF2RB mutations are present not only in HL cell lines but also in HRS cells of 

primary cHL cases. 

 

In 1996, Freeburn et al.15 showed that CSF2RB is commonly mutated in acute 

myeloid leukemia (AML). However, they suggested that these somatic 

mutations were unlikely to contribute to the pathogenesis of AML because all 

variants were also identified as known polymorphisms. The 8 mutations 

identified in HL were not present in dbSNP (version 148). The Catalogue of 

Somatic Mutations in Cancer (COSMIC) lists 15 missense mutations and 3 

nonsense mutations in the CSF2RB gene (Figure 1A). CSF2RB mutations 

have been reported at frequencies below 1%, with the highest frequencies in 

skin cancer (0.5%), cervical carcinoma (0.3%), intestinal adenocarcinoma 

(0.3%) and bladder cancer (0.3%) (Figure 1A). Recently, Watanabe et al.16 

found seven CSF2RB mutations in 449 primary leukemic samples. In addition, 

they reported one mutation previously detected as a germ line variant,17 i.e. 

R461C (in T-ALL) (Figure 1A). Functional testing of these mutations revealed 

growth factor-independent growth of T-AML only of the R461C variant. This 

variant caused accumulation and phosphorylation of CSF2RB, as well as 

constitutive activation of the JAK/STAT pathway.16 By using a PCR-based 

random mutagenesis approach combined with a retroviral expression system, 

the oncogenic potential of different CSF2RB mutations was tested (I374N, 

Q375P, Y376N, W383R, L399P, L445Q, V449E, A459D, R461C and 

H544R).18,19 All mutants were able to convert a growth factor-dependent 

hematopoietic cell line into a growth factor independent cell line. So far, the 

CSF2RB mutation frequency appears to be the highest in HL, with 4 out of 7 

HL cell lines and 3 out of 10 primary cases, reaching over 30%. 
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Figure 1. CSF2RB mutations in HL cell lines. (A) Schematic diagram of CSF2RB. 

Red arrows indicate the position of mutations in 4 HL cell lines (KMH2, SUPHD1, L1236 

and DEV) with 2 mutations in KMH2 and SUPHD1 cell lines and also of mutations found 

in 3 primary HL cases by Reichel et al.14. The first box indicates the position of possibly 

pathogenic mutations reported in COSMIC and a recent study by Watanabe et al.16. The 

second box indicates the position of mutation with proven activating effects. The 

mutation in the blue box was reported to be a germline mutation. (B) Results of the 

previously reported WES study and the validation by RNA-seq (upper panel) and 

validation of the mutations by Sanger-seq at the DNA and RNA level. 

 

CSF2RB mRNA expression levels were slightly higher in the cell lines with a 

mutation as compared to the HL cell lines with wild type CSF2RB (Figure 2A). 

Analysis of membranous CSF2RB protein expression as determined by flow 

revealed similar levels in all HL cell lines (Figure 2B). On the cell surface, 

CSF2RB forms a cytokine receptor complex with one or more α chains (IL3RA, 

IL5RA and CSF2RA). Depending on the α chains, these complexes have a 

high affinity for IL-3, IL-5 or GM-CSF. To further study the relevance of  
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CSF2RB, we studied expression levels of the 3 cytokines and the 3 α chains of 

these cytokine receptors. L428 and SUPHD1 showed high IL3RA expression 

levels compared to the other cell lines at both the mRNA (Figure 3A) and 

protein level (Figure 3B). L1236 showed lower protein levels despite high 

mRNA levels. Aldinucci et al.4 also reported high expression of IL3RA in L428. 

In addition, they reported IL3RA expression on HRS cells of 19 HL cases by 

immunostaining of frozen tissue sections and cytospots of HL cell suspensions. 

Bosshart et al.20 also reported surface expression of IL3RA on primary HRS 

cells of lymph nodes involved with NS and lymphocyte rich subtypes of cHL. IL-

3 cytokine levels were undetectable in culture medium of HL cell lines (Figure 

3C). This is in agreement with previous studies in HL cell lines4,6 and in 16 

primary HL cases9. Aldinucci et al.4 reported enhanced growth of HL cell lines 

upon exogenous IL-3 using a clonogenic growth assay and 3H-thymidine 

incorporation assay. In contrast, we did not observe an effect on growth of 4 HL 

cell lines (L1236, SUPHD1, L428 and L540) after 48, 52 and 68 hours induction 

with IL-3 by alamar blue assay (Figure 4A). We also didn’t see any growth 

effects after 4 and 24 hours of induction with cytokines (data not shown). In an 

earlier study by Hsu et al.21, no effect was observed by exogenous IL-3 on the 

proliferation of two other HL cell lines (HDLM2 or KMH2). A possible 

explanation for the discrepancies between these studies may be different 

culture conditions or different assays. 

 

IL5RA mRNA expression was detected in SUPHD1, L1236 and L428 and not in 

other 4 HL lines (Figure 3D). By flow, we observed weak staining for IL5RA in 

some of the cell lines, but the signal was close to the level of the isotype control 

antibody (Figure 3D). IL-5 mRNA and secreted IL-5 protein (0.69 ng/ml) was 

detected only in L428 cells (data not shown and Figure 3F), consistent with 

previous publications6,7. In primary HRS cells, IL-5 mRNA has been identified in 

HRS cells of tumors characterized by presence of tissue eosinophilia.8 

Proliferation of the IL-5 positive HL cell line (L428) was not affected by 

antibody-mediated neutralization of IL-5, suggesting that IL-5 is not an 

autocrine growth factor in this cell line.7 Consistent with these findings, we also 

did not see an effect on cell growth after the addition of IL-5 (Figure 4B). 
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Figure 2. CSF2RB expression in HL cell lines. (A) Bar graph showing the qRT-PCR 

quantification of the relative CSF2RB mRNA expression levels (mean ± SD). Mutant cell 

lines are shown as black bars and the wild type cell lines as white bars; and (B) Flow 

cytometric analysis (mean fluorescence intensity, MFI ± SD) of cell surface expression 

of CSF2RB protein using PE-labeled mouse anti-CSF2RB antibody (ab93509, Abcam). 

Gray-filled: blank; Blue line: isotype control; Red line: samples incubated with CSF2RB 

antibody. 

 

CSF2RA expression levels were very low or undetectable in all seven HL cell 

lines (data not shown). GM-CSF mRNA levels were detected in L1236, L428, 

L540 and L591 (data not shown). Secreted protein levels in culture supernatant 

varied between 0.6 and 4.6 ng/ml (Figure 3G). This is consistent with previous 

studies showing GM-CSF protein expression in two HL cell lines.6,21 However, 

in eight primary cHL cases analyzed by Northern analysis, no expression of 

GM-CSF was observed9 possibly due to the low percentage of HRS cells. 

Since HL cell lines do not express CSF2RA, they are not dependent on GM-

CSF.  
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Figure 3. Expression of the α chain receptors and cytokines in the 7 HL cell lines. 

(A) Bar graph showing the qRT-PCR quantification of the relative IL3RA mRNA 

expression (mean ± SD); (B) Flow cytometry histogram plots of cell surface IL3RA using 

APC mouse anti-IL3RA (BD560087, BD Biosciences); (C) ELISA analysis of 

endogenous IL-3; (D) Bar graph showing the qRT-PCR quantification of the relative 

IL5RA mRNA expression levels (mean ± SD); and (E) Flow cytometry histogram plots of 

cell surface IL5RA using rabbit anti-IL5RA (PA5-25159, Thermo Fisher); (F) ELISA 

analysis of endogenous IL-5. (G) ELISA analysis of endogenous GM-CSF in 7 HL cell 

lines. Gray-filled: blank; Blue line: isotype control; Red line: samples incubated with 

IL3RA or IL5RA antibody. 
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So far, we did not observe a significant effect on the proliferation of CSF2RB 

mutated (L1236 & SUPHD1) and wild type cell lines (L428 & L540) upon 

addition of either IL-3 or IL-5. This might be caused by presence of genomic 

aberrations in genes affecting activation of the JAK/STAT pathway. Activation 

of the JAK/STAT pathway in HL can be achieved via somatic loss of function 

mutations of SOCS12 and PTPN222, two inhibitors of the JAK/STAT pathway. 

SOCS1 mutations were indeed observed in HDLM2, L1236 and L428 cell 

lines.23 HDLM2 cells were shown to have high levels of pSTAT5 possibly due 

to the SOCS1 mutation. However, pSTAT5 was not detectable in the two other 

SOCS1 mutated cell lines. This might be due to the nature of the mutations, 

which were in-frame deletions, resulting in loss of four and five amino acid 

within the SH2 domain leaving the SOCS box sequence unaffected.23 In 

SUPHD1, we found a PTPN2 mutation in our WES data (L249P). This is 

consistent with a previous study22 showing that treatment with a JAK kinase 

inhibitor induced dephosphorylation of all STAT members in SUPHD1 cells and 

a dose dependent inhibition of the proliferation of the SUPHD1 cells. These 

findings show that SUPHD1 cells depend on JAK/STAT signaling for their 

proliferation. In L540, no mutation was found in SOCS1 or PTPN2, but a 

previous study showed that L540 cells have high pSTAT5 expression.24 The 

underlying mechanism is still unknown. JAK2 amplifications have also been 

observed in 2 of the HL cell lines, i.e. L428 and KMH2. These amplifications 

result in activation of the JAK/STAT pathway. Furthermore, aberrations in the 

JAK/STAT pathway have also been reported in primary HL cases.23,25,26 So it is 

evident that signaling through JAK/STAT is important for growth of HL cells, but 

it remains unclear whether and how mutations in CSF2RB might contribute to 

this. 

 

In summary, we showed CSF2RB mutations in four out of seven HL cell lines. 

With our assays, we did not find an effect of these mutations on growth in HL 

cell lines. This might be related to somatic mutations or amplification of 

SOCS1, PTPN2 or JAK2. We did not yet look at the endogenous expression of 

JAK2, STAT5 and pSTAT5, which might help to design further studies to 

unravel the role of CSF2RB and the consequences of its mutations in HL. 
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Figure 4. Alamar blue assay in presence of (A) IL-3 and (B) IL-5 in 4 HL cell lines. 

Cell proliferation was measured 48, 52 and 68 hours after adding 0, 2ng/mL, 5ng/mL 

and 10ng/mL of each of the cytokines. No significant effects were observed in any of the 

four HL cell lines after introduction of the cytokines. 

 

Table 1. Primer sequences for PCR and qPCR. 
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