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Abstract 

The Ephrin family is the largest family of tyrosine kinases. Its unique features are the 

expression of both receptor and ligand on the cell membrane and the bidirectional 

signaling. Recent studies showed altered expression of multiple Ephrin receptors 

(Eph) and ligands (ephrin) in several human malignancies. In this study, we explored 

the expression pattern of the Ephrin family in Hodgkin lymphoma (HL).  

Quantitative (q) RT-PCR was used to determine the mRNA expression levels of 21 

Ephrin family members in 8 HL cell lines and in diagnostic tissue samples of 4 HL 

patients. Seventeen members of the Ephrin family were expressed at the mRNA level 

in at least one of the HL cell lines. No expression was observed for EphA2, EphA6, 

EphB6 and ephrin-B3. We selected 6 Ephrin family members (EphA1, EphA3, EphB1, 

ephrin-A3, ephrin-A4 and ephrin-B1) for immunohistochemistry in 5 nodular 

lymphocyte predominant (NLP)-HL and 25 classical (c)HL patients. Ephrin-A3 was 

expressed in tumor cells of cHL, whilst there was no expression in the tumor cells of 

NLP-HL. Conversely, tumor cells of NLP-HL showed expression of EphA1, whereas 

cHL tumor cells did not. EphA3, ephrin-A4 and ephrin-B1 were each expressed in 

60-70% of the HL patients. Besides expression in the tumor cells, we also observed 

EphA1 staining in the lymphocytes surrounding the LP cells in NLP-HL and EphA3, 

ephrin-A4 and ephrin-B1 in the infiltrating cells of cHL. In addition, EphB1, EphB2, 

EphB4 and ephrin-A5 were expressed at the mRNA level in HL tissue samples, 

indicating expression in infiltrating cells.  

In conclusion, members of the Ephrin family are widely expressed in the tumor cells 

and microenvironment of cHL and NLP-HL.  
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Introduction 

Tyrosine receptor kinases (TRKs) are important regulators in fundamental cellular 

activities such as proliferation, differentiation, survival and motility. The largest RTK 

subfamily is the Ephrin family. The Ephrin family consists of multiple receptors (Eph) 

and ligands (ephrin). A unique feature of this family is that both receptors and ligands 

are membrane-bound proteins that require direct cell-cell contact for activation. The 

ligands either have a glycosylphosphatidylinositol anchor (A-type) or a 

membrane-spanning protein domain (B-type). The receptors are also classified into A 

and B subtypes according to the type of ligand they bind to (Box 1). Two of the 16 

receptors, i.e. EphA9 and EphB5, are not expressed in humans1. There are 8 ligands 

grouped into ephrin-A1-5 and ephrin-B1-3 (box 1). Upon receptor-ligand interaction, 

downstream signaling is induced not only in the receptor-expressing cell but also in 

the ligand-expressing cell, via bidirectional signaling 2.  

 

Box 1. Schematic overview of the affinity between Eph-receptors and ephrin ligands. EphA1 

has a high affinity for ephrin-A1. The other Eph-receptors have average affinity for multiple ephrins. 

EphA4 can bind ephrin-B2 and B3, while EphB2 can bind ephrin-A5. EphA9 and EphB5 have not 

been detected in humans. 

In solid tumors Ephrin family members may behave as oncogenes or as tumor 
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suppressor genes3. Cancers that highly express Ephrin family members include 

melanoma4, prostate5, breast6, and esophageal7 cancer. Loss of expression has also 

been implicated in several types of cancer. In addition, inactivation by gene mutations 

has been shown e.g. for EphB2 in gastric cancer8 (Supplementary Table 1)4-39.  

Peripheral blood B cells and lymph node B cells show differential expression of 

several members of the Ephrin family. Ephrin-A4, EphB6 and EphA10 are expressed 

in lymph node B cells and on activated B cells39. Aberrant expression of Ephrin family 

members has been reported in both leukemia and lymphoma36-39. Chronic 

lymphocytic leukemia cells showed a more heterogeneous expression of the Ephrin 

family than their normal peripheral blood counterpart39. Oricchio36 identified EphA7 

deletions and inactivating mutations in a high percentage of follicular lymphomas. The 

importance of this receptor in lymphomagenesis is further demonstrated by 

knockdown of EphA7 in a murine model, resulting in follicular lymphoma 

development36. Thus far, only EphB1 and its high affinity ligand ephrin-B1 have been 

studied and found to be expressed in classical Hodgkin lymphoma (cHL) 38.  

cHL is characterized by a minority of malignant Hodgkin and Reed-Sternberg (HRS) 

cells that are surrounded by infiltrating reactive cells. Nodular lymphocyte 

predominant Hodgkin lymphoma (NLP) has similar features with lymphocyte 

predominant (LP) cells as tumor cells. HRS and LP cells are dependent on 

interactions with other cell types for their survival40. These interactions include, among 

others, tumor cell activation by multiple receptor tyrosine kinases (RTK), which have 

been shown to be overexpressed in HRS cells38. In the present study, we 

systematically evaluated the expression pattern of the Ephrin family in HL cell lines 

and primary tissue samples.  

Materials and Methods 

Patients 

Primary HL tissues were retrieved from the Department of Pathology, University 
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Medical Center Groningen, the Netherlands. 25 cHL patients and 5 NLP patients were 

included for immunohistochemistry. The cHL samples included 7 EBV-positive and 18 

EBV-negative cases, 20 cases were the nodular sclerosis subtype, 2 cases were the 

mixed cellularity subtype and 3 cases were classical not otherwise specified. Of 4 of 

these cases 2 NLP and 2 cHL cases we used frozen tissue for qRT-PCR. Normal lung 

tissue, tonsil, testis carcinoma, colon carcinoma and activated blood lymphocytes 

were used as control samples for qRT-PCR. Tonsil and lung carcinoma tissue 

sections were used as controls for immunohistochemistry. The study protocol was 

consistent with international ethical and professional guidelines (the Declaration of 

Helsinki and the International Conference on Harmonization Guidelines for Good 

Clinical Practice).  

Cell lines 

CHL cell lines L428, L1236, KM-H2, UHO-1, L591, L540, SUPHD1 and the NLP-HL 

cell line DEV41-43 were cultured in RPMI-1640 medium supplemented with fetal calf 

serum (FCS) (5% for L428, 10% for L1236, KM-H2, UHO-1, L591, L540 and SUPHD1 

and 20% for DEV), ultraglutamine-1 and 100 U/ml penicillin/streptomycin and 

maintained at 37°C in a 5% CO2 incubator. 

RNA extraction and qRT-PCR 

Quantitative (q)RT-PCR was performed to determine the expression of 21 Ephrin 

family members (13 receptors and 8 ligands) in eight different HL cell lines and in 

frozen tissue sections of 4 HL patients (2 NLP and 2 cHL). Total RNA was isolated 

using Trizol reagent (Invitrogen). Samples were subjected to DNase treatment using 

the TURBO DNA-free kit (Applied Biosystems). Total RNA of each sample was 

reverse transcribed into cDNA using random hexamers and Superscript II (Invitrogen). 

qRT-PCR was performed with SYBR Green and the Lightcycler 480 (Roche). Primers 

for Human Ephrins were designed using Primer Express 2.0 software (Table 1). 

Samples were assayed in triplicate and RPII was used as a housekeeping gene for 
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normalization of the data. Cp values over 35 were regarded as negative. The relative 

expression levels of the Ephrin family were quantified by calculating the difference in 

Cp value from the Cp value of the RPII (∆Cp). The results were expressed as 2-∆Cp to 

indicate the relative mRNA level.  

In addition to the cell lines, we also analyzed expression of all Ephrin family members 

by qRT-PCR in 2 NLP (patients 1 and 4) and 2 cHL patients (patients 18 and 26). As 

the tumor cell percentage in HL is usually less than 1%, the qRT-PCR results of the 

total tissue sample will reflect the expression levels in the infiltrating cells. 

Immunohistochemistry 

Antibodies used for immunohistochemistry were: EphA1 (rabbit, ab5385, Abcam), 

EphA3 (rabbit, ab126261, Abcam), EphB1 (mouse, ab66326, Abcam), ephrin-A3 

(rabbit, NBP1-19540, Novus Biologicals), ephrin-A4 (rabbit, ab28385, Abcam) and 

ephrin-B1 (rabbit, A-20, Santa Cruz). Formalin-fixed and paraffin-embedded tissue 

specimens were cut into 4-µm sections, quenched for endogenous peroxidase with 

0.3% hydrogen peroxide, and boiled in citrate buffer (pH6, 10mM) for EphA1, EphA3 

and ephrin-B1 or Tris/HCl (pH9, 0.1M) for EphB1, ephrin-A3 and ephrin-A4, for 15 

minutes in a microwave for antigen retrieval. The sections were incubated for 1 hour 

with the primary antibody and 30 minutes with horse-radish peroxidase-labeled 

secondary and tertiairy antibodies (Dako). 3,3′-diaminobenzidine (DAB) chromogen 

(Sigma Aldrich, St Louis, MO, USA) was used as substrate to visualize protein 

expression and sections were counterstained with hematoxylin.  

Results 

qRT-PCR results of 21 Ephrin family members in HL cell lines 

Of the eight tested EphA receptors, EphA3 was expressed in 6 of the 8 HL cell lines, 

EphA1 was expressed in 5 and EphA4 in 2 cell lines. EphA5 and EphA7 were only 

expressed in UHO-1. EphA2 and EphA6 were not expressed in any of the cell lines 
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(Fig. 1A). The EphA8 qRT-PCR showed no amplification product in the positive 

controls or in the samples. Analysis of the A-type ephrin ligands revealed ephrin-A4 

expression in all 8 HL cell lines. Ephrin-A3 expression was observed in 7 of 8 HL cell 

lines and ephrin-A5 in 4 of 8 (Fig. 1B). Ephrin-A1 was weakly expressed in DEV and 

ephrin-A2 in SUPHD1.  

Of the 5 EphB receptors, EphB4 expression was found in 6 HL cell lines and EphB1 in 

5. EphB2 was expressed only in L1236 and EphB3 was expressed only in UHO-1 (Fig. 

1C). EphB6 was not expressed in the HL cell lines, but did show low expression levels 

in tonsil and testis. Analysis of the 3 B-type Ephrin ligands shows that ephrin-B1 was 

most commonly expressed (7/8 HL cell lines) (Fig. 1D). Ephrin-B2 was expressed in 

three cell lines and ephrin-B3 showed no expression in any of the eight cell lines, but 

did give weak positive results in the testis control sample.  

Immunohistochemistry on primary HL patients 

Based on the qRT-PCR data of the HL cell lines, we selected six Ephrin family 

members for validation by immunohistochemical staining in HL tissue samples. In 

Table 2 the staining results in the HRS cells have been summarized for all the patients 

of EphA1, EphA3, ephrin-A3, ephrin-A4 and ephrin-B1. EphB1 expression was not 

evaluable due to poor staining quality.  

The NLP patients showed a variable expression of the Ephrin family members tested 

with at least three Ephrin family members being expressed in LP cells of all five NLP 

patients. Representative examples are given in Figure 2. Ephrin-A4 was highly 

expressed in LP cells in all 5 NLP patients. Ephrin-B1 showed positive staining in LP 

cells in all 5 patients, but at somewhat lower intensities as compared to ephrin-A4. 

EphA3 expression was observed in 4 out of the 5 patients and EphA1 in 3 out of the 5 

patients. Ephrin-A3 was not expressed in LP cells in NLP. HRS cells in cHL patients 

also showed expression of multiple family members, albeit less consistent than the 

NLP patients, i.e. none of the Ephrins being expressed in 2, one in 7 and more than 1 

in 16 cHL cases (Table 2). In contrast to the NLP cases, EphA1 was not expressed in 
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any of the 25 cHL patients. Ephrin-A4 was expressed in HRS cells in 16 out of 25 cHL 

patients, EphA3 in 14 out of 25, ephrin-A3 in 11 out of 24 cHL patients and ephrin-B1 

in 8 out of 14 patients. Representative examples are shown in Figure 2. 

In addition to the staining in the tumor cells, we also observed positive staining in the 

infiltrating cells for several of the selected Ephrin family members. EphA1 expression 

was observed in some of the small lymphocytes surrounding the LP cells in 4 of 5 

NLP-HL patients (Figure 3A). The other staining showed a similar staining pattern in 

normal lymphoid tissue as well as in NLPHL and cHL tissue samples: EphA3 staining 

was present in centroblasts, ephrin-A3 in dendritic cells, ephrin-A4 in centroblasts 

(Figure 3B), plasma cells and granulocytes and strongly positive staining of ephrin-B1 

was observed in eosinophils (Figure 3C). 

Expression of the Ephrin family members in the infiltrating cells by 

qRT-PCR 

qRT-PCR analysis of whole tissue sections indicated expression of EphA1 and EphA3 

in only one NLP patient, whereas the other EphA receptors were negative in all four 

patients. Ephrin-A4 and ephrin-A5 mRNA were detectable in two and three patients. 

EphB1 was detectable in the two cHL patients, EphB2 and EphB4 in three patients 

and the ephrin-B1 ligand was detectable in two patients (Figure 4). 

Discussion 

Deregulated expression patterns have been found for multiple members of the Ephrin 

family in various tumor types including hematopoietic malignancies. This prompted us 

to analyze the expression pattern of the Ephrin family in HL, in which cross talk with 

the microenvironment is crucial for tumor cell survival. 

We found expression of 17 Ephrin family members at the mRNA level in at least one 

of the HL cell lines. Staining of primary tissue samples of HL patients revealed marked 

differences for some of the Ephrin family members between NLP and cHL. Ephrin-A3 
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expression was exclusively seen in cHL tumor cells, while EphA1 was only expressed 

in tumor cells of NLP. In NLP we found expression of at least three Ephrin family 

members in each patient, while in cHL expression of at least family was observed in 

only 7 of 25 cases.  

For EphB1 we could not confirm the results of Renné et al38, who showed expression 

of the EphB1 in 12 out of 20 patients. Although our positive control lung carcinoma 

tissue did show a good positive staining for EphB1, we saw only very weak staining of 

EphB1 in HRS cells of cHL cases. The discrepancy for EphB1 could be due to 

differences in staining procedures and different antibodies. Our results for ephrin-B1 

were consistent with the previous publication38. Renné et al38 proposed an autocrine 

signaling of EphB1 in HRS cells, since both the receptor and ligand are expressed in 

HRS cells. However, in general, HRS cells do not cluster together, which makes 

autocrine signaling unlikely. Potentially EphB1 can be activated by binding to one of 

its ligands, ephrin- B1, ephrin-B2 or ephrin-B3, expressed on infiltrating cells. We 

indeed observed expression of ephrin-B1 in 2 of the 4 HL tissue samples by qRT-PCR 

and observed a positive staining in granulocytes, dendritic cells and centroblasts in 

cHL. So possibly there is an interaction between the EphB1 receptor expressed on 

HRS cells with infiltrating cells expressing ephrin-B1. Ephrin-B1 expressed by the 

tumor cells can react with B type Eph receptors expressed in the microenvironment. In 

cHL we found positive signals for EphB1, EphB2 and EphB4 at the mRNA level, so 

several potential candidates are present. These results provide an indication of 

possible interactions between receptors and ligands of tumor cells and infiltrating 

cells. 

We showed that ephrin-A4 is expressed on HRS cells and at similar levels on 

centroblasts. Ephrin-A4 is known to be expressed by normal B cells in blood and plays 

a role in transendothelial migration44. In CLL, ephrin-A4 is overexpressed and might 

impair migration across the endothelium44.  

EphA7 is expressed on germinal center B cells, but it is not expressed in the HL cell 

lines. EphA7 was also downregulated in follicular lymphoma and this was associated 

with DNA hypermethylation36, and it is also silenced in other germinal center B cell 
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derived lymphomas37. EphA7 acts as a tumor suppressor that inhibits signaling 

through EphA2 or EphA3 by dimerization of the truncated form of EphA7 with these 

receptors36. Although we did not check EphA7 expression in primary tumor cells in HL 

it seems likely that EphA7 acts as a tumor suppressor in HL based on the lack of 

mRNA.  

In freshly isolated normal B cells from PBMC, EphA4, ephrin-A4, EphB2 and EphB4 

are expressed39. This suggests that they play a role in immune processes in which 

contact-dependent communication of Ephrin family members are critical for the 

development and differentiation of T cells45. This indicates that the Ephrin family can 

also play a role in interactions between activated B lymphocytes and other cell types 

in the microenvironment of HL. For example, a splice variant of a soluble ephrin-A4 is 

produced by mature B cells in the tonsil and by blood B cells and is thought to bind to 

EphA2 on dendritic cells46. 

Ephrin family members can also interact with other RTKs and proteins. EphA4 and 

ephrin-B1 can interact with FGFR family members47. For EphA4 it was shown in a 

human glioma cell line that binding of ephrin-A1 to EphA4 enhances signaling through 

FGFR and promotes cell proliferation48. For ephrin-B1 interactions with FGFR have 

been shown in Xenopus and Ciona, but not in human cells47. FGFR is expressed in 

HRS cells49 and can potentially interact with ephrin-B1 or EphA4 on the same cells. 

ADAM10, found on HRS cells50, can interact with EphA3, ephrin-A2 and ephrin-A5. 

Co-expression of EphA3 and ADAM10 can bind to ephrin-A2 or ephrin-A5 ligands 

expressed on infiltrating cells, and induce cleavage of the ligand. This will disrupt 

cell-cell contact and induce endocytosis of the receptor-ligand complex51. Since 

EphA3 is present in HRS cells and ephrin-A5 is found in the microenvironment it 

would be interesting to see if ephrin-A5 is expressed on T cells rosetting the HRS 

cells.  

Because of the many possible interactions and bidirectional signaling, inhibition of the 

Ephrin family is complicated, especially when many receptors and ligands are present 

on the same cell or in the environment. Some small molecules and peptides are 

available52 that might be used for future studies to elucidate the function of these 
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molecules in HL. 

In conclusion, we have found that the Ephrin family is widely expressed in the tumor 

cells of HL, while some family members, like EphA7 with tumor suppressor function, 

are lost. In addition, several family members appear to be expressed in the 

microenvironment of HL.  
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EphA8 Hs01025610_m1 (Applied biosystems) 

 

 

 

Table 1. Forward and Reverse primers for Eph/ephrins 

 

Product Forward primer 5'- 3' Reverse primer 5'- 3' 

EphA1 CCACTGTGAGCCTGGCTATGA CGCTAGGGCAGGCAACA 

EphA2 AGGGCAAGGAAGTGGTACTG CTTTGCCATACGGGTGTGT 

EphA3 GCTTGTACCCATTGGCAAGT CTTTGTCTGCCCGGAAGTAA 

EphA4 CAGATGGTGAATGGCTGGTA TCTGAAAAAGCCTCGGTCAC 

EphA5 AAATGCCCTTCTGTGGTACG CAGCTCTGGATGTGAGGTGA 

EphA6 GCCACCGCCGCTGTT ACATCTCCCAGTGATCAAGAAGAAT 

EphA7 CCATCTGACCCACCATACGTT TGTGGTTTGGTTGATGTTGAAAA 

EphA8 Applied biosystems Applied biosystems 

EphB1 GGAAACGGGCTTATAGCAAAGA TCGGCCTGTGCTGTAATGC 

EphB2 ATGCGGAAGAGGTGGATGTA CCTTGAAAGTCCCAGATGGA 

EphB3 CTGGAAGAGACCCTCATGGA ATTCATGGCCTCATCGTAGC 

EphB4 TTCGAGCACCCCAATATCAT GAACTGTCCGTCGTTTAGCC 

EphB6 ACTTCCTCAAGGGGAGCTGT CTTCCGCTGGAAGACGAC 

EfnA1 CTTGGGTCTGTGCTGCAGTCT CCGGAACTTGGGATTTGAACT 

EfnA2 CCTGCGACTGAAGGTGTACGT CACGAGTTATTGCTGGTGAAGATG 

EfnA3 CGCCGGCCACGAGTACTA ACCTTCATCCTCAGACACTTCCA 

EfnA4 TCAGCGCTTCACACCCTTCT GAGTGGGCACCGAGATGTAGTAGT 

EfnA5 GTGATGTTGCACGTGGAGATGT GGCGACGGCCTTGGA 

EfnB1 TCAACCCCAAGTTCCTGAGT GCAGATGATGTCCAGCTTGT 

EfnB2 GGAATTCCTCGAACTCCAAA GTCCACTTTGGGGCAAATAA 

EfnB3 CCTGGAGCCTGTCTACTGGA CGATCTGAGGGTACAGCACA 
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Table 2. Expression of Eph/ephrin family in primary HL 

 EphA1 EphA3 Ephrin-A3 Ephrin-A4 Ephrin-B1 Subtype EBV 

1 +/- +/- - + + NLP  

2 +/- - - + +/- NLP  

3 - +/- - +/- +/- NLP  

4 + + - + +/- NLP  

5 - +/- - + + NLP  

6 - - - + + MC + 

7 - - - +/- - NS + 

8 - +/- - - - NS + 

9 - - - +/- +/- NS + 

10 - +/- + +/- + NS + 

11 - + +/- + ND NOS + 

12 - + - + ND NS + 

13 - - - + + NS - 

14 - + +/- +/- ND NS - 

15 - +/- - - ND NS - 

16 - - ns - ND NS - 

17 - + + + + NS - 

18 - +/- - - ND MC - 

19 - - - - - NS - 

20 - +/- + - - NS - 

21 - + - +/- ns NOS - 

22 - +/- +/- + - NS - 

23 - + + + + NS - 

24 - - +/- - +/- NOS - 

25 - - +/- - - NS - 

26 - - + - - NS - 

27 - - +/- + ND NS - 

28 - +/- - +/- +/- NS - 

29 - +/- - +/- ND NS - 

30 - - - + ND NS - 

+: positive, +/-: weak/partial positive, -: single positive cells / negative; ns: not 

scorable; ND: not done; NLP: nodular lymphocyte predominant HL; NS Nodular 

sclerosis HL; MC: mixed cellularity HL; NOS: not otherwise specified cHL.  
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Figure 1. qPCR results of the Ephrin family members in HL cell lines. Only family members 

with expression in at least two cell lines are shown. A. Of the eight EphA receptors expression 

EphA3 is expressed in 6/8 HL cell lines, EphA1 is expressed in 5/8 and EphA4 in 2/8 cell lines. B. 

Of the ephrin-A ligands, ephrin-A4 is expressed in all HL cell lines (8/8). Ephrin-A3 in 7/ 8 HL cell 

lines and ephrin-A5 in 4 /8. C. Of the EphB receptors, EphB4 is expressed in 6/8 HL cell lines and 

EphB1 in 5/8 cell lines. D. Of the ephrin-B ligands, ephrin-B1 is most commonly expressed in 7/8 

HL cell lines, and ephrin-B2 is expressed in 3/8 cell lines.  
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Figure 2. IHC for the Eph/ephrin family in HL patients. In NLP-HL patient #4, EphA3 and 

ephrin-A4 show positive expression in the LP cells, ephrin-B1 shows weak expression and 

ephrin-A3 is negative in the LP cells, but positive in dendritic cells. In cHL patient #10 ephrin-A3 

and ephrin-B1 are positive, EphA3 and ephrin-A4 are weak and EphA1 is negative in the HRS 

cells. In cHL patient #17, EphA3, ephrin-A3, ephrin-A4 and ephrin-B1 show positive staining and 

EphA1 shows no expression in the HRS cells.  
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Figure 3. IHC for the Ephrin family in the microenvironment in HL.A. Small rosetting 

lymphocytes express EphA1 in NLP-HL (Patient 4). B. Centroblasts express ephrin-A4 in cHL 

(patient 10). C. Eosinophils strongly express ephrin-B1 in cHL (patient 17). 

 

Figure 4. qRT-PCR results for the Ephrin family in whole tissue of HL patients. A. Of the Eph 

A receptors both EphA1 and EphA3 are expressed in patient 4. B. Of the ephrin-A ligands, 

ephrin-A4 is expressed in 2 patients and ephrin-A5 in 3. C. Of the EphB receptors, EphB1 is 

expressed in 2 patients and EphB2 and EphB4 in 3. D. Of the ephrin-B ligands, ephrin-B1 is 

expressed by 2 patients. 
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Supplementary Table 1. Ephrin family members with altered expression in cancer 

Cancer type Tegulation Eph family member Ref 

Breast Up EphA2, EphB2, EphB4 6,9,10 

Up EphA2, EphA3, EphB4, 

ephrin-B2 

11-14 Colorectal 

Down EphA8, EphB2, EphB3, EphB4 15 

Prostate Up EphA1, EphA2  5,16 

Up EphA4, EphA7,, ephrin-B3 17-19 Glioblastoma 

Down EphA1, EphA8 20 

Melanoma Up ephrin-A1 4 

Up EphA2, EphA3, EphB3 20-22 

Down Ephrin-A1 23 

Lung (Non small 

cell) 

Mutation EphA1, EphA3, EphA5, EphA7, 

EphA8, EphB1, EphB2, EphB3 

24,25 

Up ephrin-A1, ephrin-B2 20, 26 Hepatocellular 

Down ephrin-A5 27 

Up EphA1, EphA2, EphA3, EphA4, 

EphB2, ephrin-A1, ephrin-B1 

28-34 

Down EphB2 8 

Gastric 

Mutation EphB2 8 

Esophageal 

squamous cell 

Up EphA1, EphA2 7, 35 

Germinal center 

B-cell lymphomas 

Down EphA7 36,37 

Hodgkin lymphoma Up EphB1, ephrin-B1 38 

CLL Up EphB6, EphA10, ephrin-A4 39 
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