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Chapter 9
Summary, discussion and future 

perspectives

Joost Kluiver



Summary and discussion

The events that are critical to the transformation of a GC B cell to a HRS or L&H cell are 
still largely unknown. To obtain more insights into the transformation process, we applied 
SAGE on HL cell lines, which results in a comprehensive gene expression profile. One of 
the genes identified by SAGE, called BIC or pri-miR-155, was studied in detail in normal 
and malignant lymphoid tissues.

In chapter two we compared the gene expression profiles of cHL cell lines and a NLPHL 
cell line with the expression profile of normal GC B cells. This revealed downregulation of 
more than a 100 genes, including numerous B cell lineage expressed genes and also sever-
al HLA genes. The so-called “loss of B cell phenotype” was most pronounced in the cHL 
cell lines while the NLPHL cell line DEV showed an intermediate loss of B cell expressed 
genes. Several mechanisms have been proposed to contribute to the downregulation of B 
cell genes, including downregulation of specific B cell transcription factors, methylation 
of the promoter regions of B cell genes, expression of EBV protein LMP2A in EBV+ cHL 
and overexpression of inhibitors of B cell transcription factor E2A33,112,113,117,132. A novel 
mechanism that may contribute to the downregulation of many genes is the overexpres-
sion of miRNAs. It is known that a single miRNA can regulate the expression of up to 
a few hundred genes315. Only a few genes were commonly upregulated in HL or cHL in 
comparison to GC B cells. Interestingly, IRAK1 and FSCN1 that were upregulated in cHL 
compared to GC B cells also showed an increase in DNA copy number. This suggests that 
these two genes may have an important role in the pathogenesis of cHL.

A comparison between gene expression in DC and the HRS cells of cHL was performed 
in chapter 3. Thirteen out of 17 genes, highly expressed in DC were also highly expressed 
in cHL cell lines. Several of these genes were expressed at lower levels in GC B cells, indi-
cating that HRS cells have acquired an overlap in their gene expression program with that 
of DC. CFL1 and GSN are expressed in DC but only CFL1 is expressed at high levels in 
cHL cell lines. Based on the role of CFL1 and GSN in apoptosis it can be speculated that 
the high expression of CFL1 and the absence or low expression of GSN provides HRS cells 
with a novel mechanism to escape apoptosis. This study supports the notion that HRS cells 
have lost their B cell identity and show gene expression programs specific for DC. 

The expression of the previously identified BIC gene and miR-155 which can be processed 
from BIC transcripts was studied in normal and malignant lymphoid tissues in chapter 
5 and 6. High expression of BIC and miR-155 was detected in HL, PMBL and DLBCL 
while several other NHL, including cases of BL, showed low or no expression of BIC and 
miR-155. These findings are particularly interesting since it is known that cHL, PMBL 
and DLBCL have a large overlap in their gene expression program278. The expression of 
BIC and miR-155 in EBV latency type III positive BL cell lines and cases of PTLD sug-
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gest a correlation between EBV latency type III expressed genes and expression of BIC 
and miR-155. Additional evidence for this hypothesis was recently reported by Jiang et 
al. who showed that LCL strongly express BIC and miR-155308. A high expression of BIC 
and miR-155 in several B cell lymphomas was confirmed by other studies and a high ex-
pression of miR-155 was observed in CLL and some solid tumors135,255,258,260. Additional 
evidence for an oncogenic role of miR-155 came from a study by Tam and colleagues, re-
vealing that BIC could collaborate with MYC in lymhomagenesis in a chicken lymphoma 
model290. The published data suggest that microRNA-155 is likely to play an oncogenic 
role in lymphomagenesis246.

Chapter 7 describes a detailed analysis of the molecular and cellular pathway that regulates 
the expression of BIC and miR-155 in B cells. We show that triggering of the BcR with 
anti-IgM induces BIC expression and critically involves PKC and Nf-κB signaling. BL cells, 
which ectopically express BIC or are induced to express BIC, are not able to process this 
pri-miRNA to miR-155 while several other cell types can process BIC to miR-155. The fact 
that BL cells cannot process BIC to miR-155, suggests that levels of miR-155 are not only 
regulated at the level of BIC transcription but also at the level of pri-miRNA processing. 

An overview on the role of miRNA in normal hematopoiesis and leukemogenesis is pre-
sented in chapter 8. A number of miRNA were shown to play important roles during the 
development of various blood cells. The involvement of miRNA in hematopoietic malig-
nancies has been demonstrated. miR-15 and miR-16 were shown to function as tumor sup-
pressor genes whereas miR-155 and the miR-17-92 polycistron act as oncogenes in MYC 
induced lymphomas in animal models. 

In conclusion, we have confirmed a “loss of B cell phenotype” in cHL cell lines and show 
a more intermediate phenotype in the NLPHL cell line DEV. A few genes were identified 
as commonly upregulated in cHL, some in combination with gain of DNA copy number. 
In the second part we thoroughly examined the expression of BIC and miR-155 in normal 
and malignant lymphoid tissues. In addition, we investigated how expression of BIC and 
miR-155 is regulated and demonstrated that BL cell lines have a block in BIC to miR-155 
processing.   

Future perspectives

A drawback from most studies that used gene expression profiling techniques is the use of 
cell lines instead of primary tumor cells. Despite several attempts with laser microdissected 
primary HRS cells, we have not succeeded in successfully applying a modified SAGE pro-
tocol that theoretically would allow the generation of SAGE libraries from as little as 50 
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ng of total RNA338. In collaboration with the group of Ruth Jarrett we are now generating 
SAGE libraries with amplified RNA isolated from flow sorted HRS cells. Other approaches, 
such as microarray in combination with RNA amplification strategies, may also allow the 
generation of comprehensive gene expression profiles of primary HRS or L&H cells. 

Comprehensive mRNA expression profiles alone will most likely not be sufficient to re-
veal the transforming events that underlie HL pathogenesis and therefore need to be com-
bined with genomic and proteomic studies. The first studies reporting on the proteome 
of lymphomas are now emerging339. This is important since the detection of specific gene 
transcripts does not necessarily imply that these are translated into proteins. It has already 
been shown that in HL several genes are expressed at the mRNA level but not at the pro-
tein level98. miRNAs that regulate gene expression at the posttranscriptional level may well 
be responsible for these observations. In this thesis we show a high expression of miR-155 
and currently we are determining the expression of almost 200 different miRNAs. To de-
termine how important miR-155 or other miRNAs are for HL pathogenesis we need to 
modulate their expression and determine the effect on cell growth, apoptosis and in vivo 
tumor formation. 

 Understanding the role of miRNA in HL is closely related to understanding the role of 
miRNA during normal B cell development. Therefore, futher studies are necessary that de-
termine the expression and function of miRNA during the diverse developmental stages of 
a B cell. To dissect the precise function of a miRNA at a specific B cell stage the miRNA 
target genes need to be determined. So far, no tools are available that allow the systemat-
ic, unbiased determination of all target genes. Obviously, the development of such a tech-
nique will be a tremendous step forward in determining the role of miRNA. A strategy 
that may be of potential use is based on expression cloning in combination with a nega-
tive selection marker340. 

Current standard treatment of HL consists of multiagent chemotherapy, often combined 
with radiotherapy. This has resulted in cure rates reaching 90%. A major downside from 
current therapies is the increased risk for late complications in long-term survivors of HL. 
Therefore, new treatment strategies need to be developed. Since miRNAs may be involved in 
oncogenesis, miRNAs may also be a therapeutic target in cancer treatment. A recent study 
revealed that specific miRNAs can be downregulated in vivo using so called antagomiRs229. 
In mice, downregulation of the liver expressed miR-122 resulted in a remarkable drop in 
plasma cholesterol levels demonstrating the potential therapeutic possibilities. However, be-
fore antagomiRs or agents that induce miRNA expression can be applied to defeat cancer 
or other human diseases, much work has to be done. The exact roles of miRNAs need to 
be determined, the potency and stability of miRNA related therapeutic agents need to be 
enhanced and a method to deliver these agents to specific tissues needs to be developed.
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