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BACKGROUND: Diffuse large B-cell lymphoma 
(DLBCL) is a heterogeneous disease with 
dysregulation of somatic hypermutation (SHM) 

and class switch recombination (CSR) have been known 
to contribute for its lymphomagenesis. Activation-induced 
cytidine deaminase (AID) enzyme plays a vital role for 
both processes. Multiple myeloma oncogene 1 (MUM1) 
is known to upregulate the AID expression in normal and 
pathological conditions. However, both AID and MUM1 
expression association in DLBCL is still unexplored using 
immunohistochemistry method. We examined DLBCL 
samples and then retrospectively tested its correlation with 
clinical findings.

METHODS: A retrospective cohort study with 20 cases 
of DLBCL biopsy tissue with AID and MUM1 antibody 
was  conducted.  The  samples  were  then  classified 
into  concordant  (AID+/MUM1+  or  AID-/MUM1-)  and 
discordant group (AID-/MUM1+). The  clinicopathological  
comparison was performed to observe any association 

between  immunohistochemistry  expression  and  clinical  
findings. 

RESULTS: Among 20 samples of DLBCL, concordant 
expression rate of AID and MUM1 was 80% with kappa 
Cohen’s of 0.578 (p=0.004). A significant association 
was observed between AID and MUM1 expression with 
a prevalence ratio of 2.25 (95% CI: 1.08-4.67; p=0.008). 
Clinical characteristics were not significantly different 
between each group. Restricted mean survival time 
was shorter in the concordant group compared with the 
discordant group but statistically insignificant (21.16 vs. 
22.5 months; p=0.531).

CONCLUSION: The result of this study showed the 
association between AID and MUM1 expression in 
DLBCL. However, whether the association may add further 
molecular heterogeneity of DLBCL is still to be confirmed 
by expanding the study.
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Abstract

Introduction

As  the  most  frequent  type  of  B-cell  lymphoma,  diffuse 
large B-cell lymphoma (DLBCL) comprises for 30%-40% 
of  this  type of  non-Hodgkin  lymphoma, even  more than 
60% in Indonesia.(1,2) Since two decades ago, DLBCL has 
been known as a heterogeneous disease both molecularly and 

clinically with the existence of two distinct types of DLBCL, 
namely germinal center B-cell (GCB) and activated B-cell 
(ABC) or non-GCB, using the gene expression profiling.
(3) The basic construction of the classification originates 
with the different developmental stage of B-cell, and its 
disruption may explain the arising of DLBCL.(1,3,4) 
 Somatic mutations could be viewed as one explanation 
of cancer, in which such defect accumulation may later 
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transform the normal characteristic of cells into malignant 
phenotypes.(5) It has been known that several mutations of 
DLBCL were associated with the mechanism of class switch 
recombination (CSR) and somatic hypermutation (SHM). 
Activation-induced cytidine deaminase (AID) which is 
expressed by the aicda gene is an important enzyme for both 
two physiological processes.(6) On the other hand, AID is 
also recognized as the mutator enzymes that contributes for 
lymphomagenesis of DLBCL.(1,7) Previously, Aicda gene 
is more classified as a dominant gene expressed in germinal 
center cells, but in DLBCL AID expression is known to be 
more prominent in the ABC than GCB.(8) Clinically, AID 
overexpression has lower overall survival and progression 
free survival (PFS) in addition to poor response of salvage 
therapy after relapse in DLBCL.(9,10)
 A transcription factor, namely multiple myeloma 
oncogene  1  (MUM1)  or  interferon  regulatory  factor 
4 (IRF4), has been recognized as the marker of B-cells 
differentiation into plasma cells and their expression has 
an important role in upregulating the expression of AID for 
initiation of CSR.(11,12) Immunohistochemical staining 
with MUM1 is a marker of non-germinal center (non-
GC) type of DLBCL.(3) Moreover, MUM1 expression in 
DLBCL is reported to have an impact on DLBCL clinical 
outcomes.(13,14) 
 In previous studies there was a correlation between 
AID and MUM1 expression with known close interactions 
between them physiologically.(10,11) However, the 
expression between AID and MUM1 in local DLBCL 
samples and their association with clinical presentation have 
not been studied further in Indonesia although the cases are 
known to be quite often in a number. Thus, we aimed to 
examine the expression between AID and MUM1 among 
our local DLBCL samples using immunohistochemstry 
method to observe the association among them and further 
correlation with the clinical findings. 

Methods

This was a retrospective study involving 20 cohorts of de 
novo DLBCL samples, not otherwise specified (NOS), 
diagnosed from January 2014 to December 2016. The 
tissue blocks were obtained from the Department of 
Anatomical Pathology, Dr. Sardjito General Hospital, 
Yogyakarta, Indonesia. Clinical parameters of all patients 
were  extracted  from  patient’s  medical  record,  including 
patient’s age, Ann-Arbor stadium, extra nodal tumor 
involvement, Eastern Cooperative Oncology Group 

(ECOG) performance status, lactate  dehydrogenase  (LDH)  
level,  chemotherapy regiment,  and  survival  status.  This  
study  had  been approved  by  The  Ethical  Committee  of  
Faculty  of  Medicine,  Universitas  Gadjah  Mada  (No.  KE/
FK/0173/2020).

Immunohistochemistry Analysis
For immunostaining, 4-µm thick sections were cut from 
formalin-fixed paraffin-embedded (FFPE) tissue blocks 
and placed on electrostatic-charged, poly-L-lysine-coated 
slides  (Biogear,  Microscope Slide,  Biogear  Scientific, 
BioVentures, Inc., Coralville, Iowa, USA). Sections 
were dehydrated at 45°C overnight. All immunostaining 
procedures including deparaffinization were performed 
on Semi-automatic Intellipath FLX (Biocare Medical, 
Concord, Massachusetts, USA) with open kit. The antigen 
retrieval process was performed on Deckloaking Chamber 
from Biocare Medical. The counterstaining process with 
hematoxylin was performed under a semi-automatic slide 
stainer. After that, the dehydration process was achieved, 
followed by clearing with xylene, and finally the mounting 
process  was  finished  to  end  the  entire  immunostaining 
process.
 The following primary antibodies were used in this 
study: AID (Invitrogen, eBioscience, San Diego, California, 
USA) and MUM1 (dilution: 1/50, clone: MUM1p, Dako 
SA, Glostrup, Denmark). Reactive lymph nodes tissue 
samples were used as positive controls. Negative controls 
were treated with the same immunohistochemical method 
by omitting the primary antibody. The cut-off level for 
interpreting MUM1 as positive was >30% tumor cell 
staining.(15) However, the optimum cut-off of AID will be 
determined using subsequent ROC analysis, which resulted 
for 1% as threshold.
 For this study, we grouped DLBCL based on AID and 
MUM1 IHC expression into the concordant and discordant 
group. The concordant group consisted of AID+/MUM1+ 

and AID-/MUM-, however, the discordant group was only 
existed in AID-/MUM1+.

Statistical Analysis
Comparative, correlation, and survival analyses were 
performed using Rstudio (Version 1.3.959; R Foundation for 
Statistical Computing, Vienna, Austria). Receiver operating 
characteristic (ROC) curve was performed to obtain 
optimum cut-off and Kaplan-Meier curve was graphed to 
perform time-to-event analysis. Statistical significance was 
determined when p<0.05. Overall survival is defined as time 
from diagnosis to death resulting from any cause.
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Results

From  20  cases  of  DLBCL  involved  in  this  study, most  
cases  had  good  ECOG  performance  status  (95%)  and 
limited stage  (70%). Only  few  patients  had  multiple  
extranodal  site  (10%).  Many  patients  did  not  perform 
LDH  level  examination  in  their  initial  visit  with  only  
a patient   among   the   available  LDH  group  (n=4)  was  
known  having increased level  of  LDH  (25%).  Most 
patients were treated with rituximab based regiment (90%). 
The  baseline  characteristics  of  the  subjects  could  be 
seen in Table 1.
 Representative expression between AID and MUM1 
was  shown  in  Figure 1.  A  diverse  degree  of  expression 
of AID was found in either dark or light zones of germinal 
centers of the tumor area. Moreover, AID was mainly 
collocated in the cytoplasm of the tumor, despite in some 
cases were also positively stained in the nucleus (Figure B1). 
MUM1 was mainly stained in the nuclear area, however, 

Table 1. Baseline characteristics of DLBCL samples.

Parameter n (%)

Sex
Female 10 (50)
Male 10 (50)

Age (mean±SD), years old 59.9±9.2
Age Group

≤60 years old 11 (55)
>60 years old 9 (45)

Performance Status
Good 19 (95)
Poor 1 (5)

Stage
Limited 14 (70)
Advanced 6 (30)

Extranodal Sites
0-1 site 18 (90)
2 sites 2 (10)

LDH Level (n=4)
Normal 3 (75)
Elevated 1 (25)

Regiment Type
Non-Rituximab 2 (10)
Rituximab based 18 (90)

some cases also presented with weak to moderately-stained 
of the cytoplasm (Figure A2; Figure B2). 
 IHC examination obtained a significant association 
between AID and MUM1 in our local DLBCL sample 
(p=0.008). The percentage of expression among DLBCL 
samples was provided in Figure 2. All AID positive samples 
had concordant positive of MUM1 expression with AID 
expression sample was 2.25 times to have same expression 
status of MUM1 (PR: 2.25; 95% CI: 1.08-4.67). Statistical 
significance of concordant expression between AID 
and MUM1 was presented in Table 2. Concordance rate 
expression occurred in 80% of sample with Cohen’s kappa 
of  0.578 (p=0.004). 
 Clinicopathological comparison between concordant 
positive, negative, or discordant expression of AID and 
MUM1 was presented in Table 3. It was evidenced that 
no statistical difference in terms of age, stage, extranodal 
involvement, performance status, or LDH level (p>0.05). 
Survival analysis with Kaplan-Meier curve based on 
concordant expression status between AID and MUM1 
among DLBCL sample was presented in Figure 3. Overall, 
no significant difference was found between the concordant 
and discordant expression, with the latter type had lower 
hazard  ratio  of  0.99  (95%  CI:  0.10-9.65;  p=0.992) 
compared with the former. In addition, restricted mean 
survival time was also shorter in concordant group but no 
significant difference was observed (21.16 vs. 22.5 months; 
p=0.531).

Discussion

The clinical characteristic of DLBCL subjects involved in 
this study was dominated by patient with predicted favorable 
factors, for instance, patient with limited stage, good 
performance status, and limited extranodal involvement. 
In addition, the DLBCL subjects age were similar with 
previous epidemiology study of DLBCL in Indonesia 
which predominates with patients aged of 50-59 years 
old.(2) On the other hand, the age was relatively younger 
than American, but comparatively similar with Asian, 
particularly in China.(16) Most patients were also treated 
using rituximab (anti-CD20) containing regiment as the real 
data world of DLBCL was shown favorable outcome using 
this therapy.(17)
 Using the previous explained cut-off of expression, our 
preliminary study observed a high concordance expression 
rate between AID and MUM1 among our DLBCL samples. 
Moreover, the relatively moderate degree of expression 
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Figure  1.  Representative  IHC  results  of  AID  and  MUM1  expression  among  DLBCL  samples.  A:  Discordant  (AID-/MUM1+); 
B: Concordant positive (AID+/MUM1+); C: Concordant negative (AID-/MUM1-). White bar: 45 μm.

agreement observed by the kappa index obtained in this study 
may suggest the interplay between both genes expression 
in DLBCL. Similar association between AID and MUM1 
expression was also observed by other study group.(10) 
Moreover, an earlier study also reported a predomination 
of non-GC or ABC to express AID along with MUM1, in 
which MUM1 was formerly recognized as a genetic marker 
of ABC DLBCL.(8) It has been known that MUM1/IRF4 
was a transcription factor that may increase AID expression, 
directly or indirectly.(11,18)  For translational relevance, 
this study may further confirm the diversity of DLBCL using 
the expression of AID and MUM1 which potentially add 
molecular information among DLBCL. The predomination 
of non-GC type of DLBCL in Indonesia also suggests an 

alternative measure to explain the diversity of this subtype 
using expression of AID and MUM1, as the latter gene 
expression was commonly found in this subtype.(19)
 Clinicopathological comparison between the 
concordant and discordant expression of AID and MUM1 did 
not result any significant different clinical parameter for each  
group.  The  survival  analysis  also  revealed  insignificant 
survival differences in each group. Interestingly, the trend 
of a longer survival, even insignificant, in samples with 
AID negative but MUM1 positive, namely the discordant 
group, showed a tendency of favorable prognosis in DLBCL 
with AID negative. Molecularly, AID as a mutator enzyme 
may generate other oncogenic mutation such as IGH-MYC 
or IGH-BCL6 translocation, which later may transform 
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Figure 2. Frequency of AID and MUM1 expression among 
DLBCL samples.

Parameter Estimation

Prevalence Ratio (95% CI) 2.25 (1.08 - 4.67) 

Concordance Expression (95% CI) 80% (58.4% - 91.9%) 

Cohen’s Kappa (SE) 0.578 (0.17) 

Table 2. Association of concordant expression between AID 
and MUM1 among DLBCL samples.

Discordant
Concordant Positive

(AID+/MUM1+)
Concordant Negative

(AID-/MUM1-) AID-/MUM1+

n 11 5 4
Sex 0.27

Female 4 (40.0) 4 (40.0) 2 (20.0)
Male 7 (70.0) 1 (10.0) 2 (20.0)

Age (mean±SD), years old 62.00±8.59 58.60±9.94) 55.50±10.66) 0.476
Age Group 0.576

≤60 years old 5 (45.5) 3 (27.3) 3 (27.3)
>60 years old 6 (66.7) 2 (22.2) 1 (11.1)

Performance Status 0.206
Good 11 (57.9) 4 (21.1) 4 (21.1)
Poor 0 (0.0) 1 (100.0) 0 (0.0)

Stage 0.21
Limited 7 (50.0) 5 (35.7) 2 (14.3)
Advanced 4 (66.7) 0 (0.0) 2 (33.3)

Extranodal Sites 0.457
0-1 site 10 (55.6) 5 (27.8) 3 (16.7)
2 sites 1 (50.0) 0 (0.0) 1 (50.0)

LDH Level (n=4) 1
Normal 1 (33.3) 0 (0.0) 2 (66.7)
Elevated 1 (100.0) 0 (0.0) 0 (0.0)

Regiment Type 0.403
Non-Rituximab 2 (100.0) 0 (0.0) 0 (0.0)
Rituximab based 9 (50.0) 5 (27.8) 4 (22.2)

Concordant
n (%)

Paramater p -value

Table 3. Clinicopathological comparison based on expression of AID and MUM1 among DLBCL samples.

into  more  aggressive  type  of  lymphoma,  namely  
molecular  high-grade  B-cell  lymphoma.(4,20,21)  It  was 
also proposed that expression of AID could indicate the 
alteration into more refractory type of lymphoma.(10,22) 

Thus, this preliminary study is still limited and needs to be 
expanded to examine any significant impact of expression 
status towards patient survival later.
 Another limitation of the study was the discordant 
group only existed in sample with AID-/MUM+. Therefore, 
expanding the sample size in later research may increase 
the probability to find AID+/MUM1- among DLBCL. 
The existence of this group also further confirms the 
characteristic distinction for each group and adds molecular 
heterogeneity of DLBCL.
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Figure 3. Overall survival in month-based on expression status among DLBCL samples.

Conclusion

In  conclusion,  our  study  confirmed  the   significant 
association of AID and MUM1 expression with 
immunohistochemistry methods to our local DLBCL 
samples. This association may potentially add molecular 
information of DLBCL type despite the insignificant 
differences in clinical presentation and survival, which 
is likely due to the limited samples. Expanding sample 
numbers and prolonging the evaluation period of study may 
further confirm any clinical impact of both AID and MUM1 
expression in DLBCL.
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