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Abstract. High-grade non-Hodgkin's  B cells lymphomas (NHLs) are malignant tumours of the 
lymphoid system. MYC protein was known correlated with poor prognosis. In addition to 
promoting cell-cycle progression, MYC plays an important role activation of an alternative 
pathway of a tumour associated macrophage (TAM). We further determined if MYC protein 
expression correlated with the high density of TAM. This was a cross-sectional study of  47 
specimens of high-grade non-Hodgkin B cell lymphomas. Their immunophenotype was re-
evaluated, and stratified into DLBCL and others non-Hodgkin lymphomas. All samples were 
immunostained with MYC and CD163 antibodies. The  expression of MYC and CD163 were 
scored according to the previous study. Statistical analysis was performed by using SPSS 
version 22. MYC positive expression was detected in 72,3% of patients. Its found mostly in 
male patient, age ≤60, and Ki67  >70%.  Average density of TAMs was 7,29.  An average 
density of TAM in MYC positive lymphomas was higher rather than MYC negative 
lymphomas. MYC may facilitate the high density of  TAM  and contribute to worst prognosis 
in younger  male  patient and  Ki67 >70%, of high-grade B cell lymphomas.    

1.  Introduction  
Non-Hodgkin lymphoma is the tenth most frequent cancer worldwide and  diffuse large B-cell 
lymphoma (DLBCL) is the most common histologic subtype [1]. Diffuse large B-cell lymphoma 
(DLBCL) is an aggressive lymphoma with heterogeneous morphologic, clinical, and genetic features 
[2]. Alterations of MYC oncogenes can drive the pathogenesis of NHL [3]. MYC, a proto-oncogene, is 
a key regulator of cellular proliferation and apoptosis [4]. Deregulation of MYC as resulted of either 
chromosomal translocation or gene amplification, point mutations or epigenetic reprogramming, 
enhanced translation and increased protein stability resulting in overexpression of MYC protein [5]. To 
date, several prognostic biomarkers of lymphoma have been investigated, in which MYC is one of the 
most prominent factors [6]. 

MYC is an essential cellular protein that regulates nucleotide metabolism, ribosome and protein 
synthesis, RNA transcription and processing, and DNA replication [7]. Green et al [8] and Johnson et 
al [3] reported that DLBCL patients with MYC/BCL2 coexpression, with or without MYC or BCL2 
gene rearrangements, have a poorer prognosis. The tumor microenvironment is one of an important 
factor in the progression of malignant tumors including lymphoma, and TAM is  one of the tumor 
microenvironment components of B cell lymphoma [9]. TAM in non-Hodgkin lymphoma have been 
shown to be a prognostic indicator using CD163 as immunohistochemical markers [10]. The 
mechanisms by which TAM affect cancer progression are still unclear and are probably multifactorial, 
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one of the potential tumor-promoting functions of TAM is a proto-oncogene MYC [11].  Pello et al  in 
his study revealed MYC role in  the alternative pathway of macrophage activation [12]. Studies about 
MYC expression and the density of TAM is still limited according to our knowledge. In this study, we 
used IHC to assess the association of MYC and the density of TAM stained with anti-CD163.  

2.  Methods 

A cross-sectional study was performed using archival materials in the Department of Pathology, Dr 
Mohammad Hoesin Palembang general hospital, Indonesia from January  1st 2016 to September  30th  
2017. The age of the patients ranged from 4 to 88 years with a mean age of 46 years. All histological 
and immunophenotypic data of the 47 patients with high grade Non-Hodgkin B cell lymphoma were 
reviewed by expert pathologists in accordance with the 2008 World Health Organization (WHO) 
criteria. The samples were available as formalin-fixed, paraffin-embedded (FFPE) tissue blocks and 
immunohistochemical slide stained with CD20 and or CD79A and Ki67. We further graded the 
proliferative index value into aggressive ( 40-70%) and very aggressive (70%). The subtype stratified 
into DLBCL and others NHL. This study was approved by ethical committee of dr. Mohammad 
Hoesin General Hospital Palembang Indonesia. 

2.1. Immunohistochemistry  
The blocks were sectioned with a standard microtome (Thermo, shandon, finesse 325) at 4 μm 
thickness. Subsequently, the slides were dried in a lab heating and drying oven (Sharp, Japan) at 
power level 8 for 10 min. For immunohistochemical detection, the following antibodies were used: 
MYC (clone Y69 rabbit monoclonal, dilution 1:100, Abcam, Cambrigde, MA), and CD163 (clone 
10D6, rabbit, monoclonal, dilution 1:100, Thermo Fisher, USA) Immunohistochemical staining were 
performed using manual system according to standardized immunohistochemical protocol. The slides 
were dehydrated in a graded ethanol serial and immediately covers lipped.  

2.2. Assessment of MYC expression and cell counting of TAM  
One hundred tumor cells per 5 high-power fields (500 tumor cells per case) were analyzed for 
quantitative assessment of MYC expression by pathologists. The high-power fields were randomly 
selected at highest expression of MYC. The MYC IHC scores, as reported by the Jhonson et al in their 
study were used for subsequent analyses, score of ³40% nuclear staining considered as positive [3]. 
The density distribution of macrophage stained by CD163 was manually counted as follows: total 
positively stained cells counted using an ocular grid with a ´ 400 times microscope field using a BX51 
microscope, (olympus, Japan). At least five areas were counted in each case. In this analysis, the most 
densely distributed areas were selected and the number of TAM were averaged.  

2.3. Statistical analysis 
The fisher exact test was used to determine MYC expression and its correlation with age and subtype 
variables and chi square test was used to determine the correlation between MYC expression with 
gender, tumor location and Ki67 proliferative index category. The Mann Whitney U test was used to 
determine the average value of TAM and its correlation with MYC expression and others variable. All 
statistical analyses were performed using IBM SPSS statistics software version 22. Differences were 
considered significant when p-values were < 0.05.  
 
3.  Results 
A total of 47 cases were collected from files from the Department of Pathology Dr. Mohammad 
Hoesin general hospital.  Of forty-seven cases of high grade non-Hodgkin B cell lymphoma, the 
reviewed diagnoses comprised of DLBCL non-GC in 29 cases, lymphoma with morphology of 
DLBCL but with limited marker in three cases, BCLU in two cases, Burkitt lymphoma (BL) in one 
cases, lymphoblastic lymphoma in one cases, blastoid mantle cell lymphoma in one cases, T cell rich 
LBCL in one cases, and seven cases  showed  DLBCL  morphology but with limited marker, others 
high grade non-Hodgkin lymphoma with limited immunohistochemistry panel in 2 cases.  DLBCL 
non-GC subtype were mostly found at age £ 60. Clinical characteristics regarding age, site location, 
sex distribution and Ki67 category are summarized in table 1.  
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Table 1. Patient characteristic. 

Clinicopathologic characteristic    n             (%) 
 

Gender 
      Male  
      Female  
Age  
      ≤ 60 
      >60 
Ki67 proliferation index 
     40-70 (agressive) 
     >70 (very aggressive) 
Subtype   
     DLBCL  
     Others Non-Hodgkin lymphomas 
Tumor location 
      Nodal 
      Extra nodal       

 
26 
21 
 
35 
12 
 
21 
26 
 
40 
  7 
 
25 
22 

 
          55,3 
          44,7 
 
          74,5 
          25,5 
 
          44,7 
          55,3 
 
          85 
          14,9 
            
         53,2 
         46,8 

3.1. MYC immunohistochemistry and its association with the density of TAMs 
Overall, of 47 cases showed MYC nuclear positivity in 34 (72,3%) cases and negative expression were 
found 13 cases. Most of positive MYC expression were found in DLBCL subtype. The highest mean 
score of the density of TAM were also found in DLBCL subtype.  CD 163 expression observation in 
the same spot of the highest MYC expression was found variable, case number 33 with MYC 
expression was 80%, the mean score of TAM is 27.06, case number 18 which is MYC expression 
90%, the TAM density mean score is 13.06 (figure 1).  
 

 
Figure 1. Immunohistochemistry images (A). Case number 33 showed 90 % of Ki67 (B). 80% of 
MYC expression and (C). Density of TAM (mean score 27.06) (D). Case number 18 showed 90% of 
Ki67 (E). 90% of MYC expression (F). Density of TAM (mean score 13.06). 

In bivariate analysis, MYC protein expression were significantly correlated with the density of 
TAM (P <0.05). The average of TAM density in MYC positive was 9,15 and MYC negative was only 
5,12. MYC positive expression and higher density of TAM were found mostly in a male patient, 
higher in age ≤ 60, more in nodal location for the densest of TAM and showed Ki67 > 70%. MYC 
expression and all clinicopathologic variables was found not correlated with p value > 0,05. 

B C 

D E F 

A 



Sriwijaya International Conference on Medical and Sciences

IOP Conf. Series: Journal of Physics: Conf. Series 1246 (2019) 012026

IOP Publishing

doi:10.1088/1742-6596/1246/1/012026

4

 
 
 
 
 
 

Observation of the two categories of Ki67 with MYC expression and the density of TAM, in this 
study, were found not correlated with all variables, however we found significant correlation between 
Ki67 with tumour location (p-value=0,05 and odd ratio>4). MYC expression, TAM density and its 
correlation with all variables were summarized in table 2.  
Table 2.  MYC expression and the density of TAM and their correlation with clinicopathologic 

variables. 

 
 
 
Clinical characteristic   

 
 
n /% 

 
MYC expression 
 
Positive   Negative  
    n/%          n% 
 

 
 
 

p-value 

 
The density of TAMs 

 
Mean±SD  

 
 
 

p-value  

Gender 
      Male  
      Female  
Age  
      ≤ 60 
      >60 
Ki67 proliferation index 
     40-70%  
     >70%  
Subtype   
     DLBCL  
     Others non-Hodgkin 
     lymphomas        
Tumor location 
      Nodal 
      Extra nodal       

 
26/55.3 
21/44,7 
 
35/74,5 
12/25,5 
 
21/44,7 
26/55,3 
 
40/85 
  7/14,9 
 
 
25/46,8 
22/53,2 

 
19/70,4 
16/76,2 
       
25/71,4  
  9/75.0    
 
15/71,4 
19/73,1 
 
29/72,5 
  5/71,4 
 
 
17/68 
17/77,3 

 
8/30,8 
5/23,8 
 
10/28,6 
  3/25,0 
 
 6/28,6 
 7/25,9 
 
11/27,5 
  2/28,6 
 
 
 8/32,0 
 5/22,7 
 

0,840 
 
 
1,000 
 
 
1,000 
 
 
1,000 
 
 
 
0,702 

 
7,80 ± 5,56 
8,33 ± 5,60 
 
8,46 ± 6,76 
6,80 ± 6,48 
 
8,52 ± 7,53 
7,46 ± 5,99 
 
8,08 ± 6,82 
7,77 ± 6,10 
 
 
7,10 ± 6,27 
8,63 ± 6,96 

0,373 
 
 
0,756 
 
 
0,697 
 
 
0,965 
 
 
 
0,394 

4.  Discussions 
High grade non-Hodgkin B cell lymphoma encompasses a broad group of B-cell neoplasms that are 
histologically characterized by proliferation of intermediate to large B-cell [13,14]. Diffuse large B-
cell lymphoma (DLBCL) is the most common non-Hodgkin’s lymphoma. It has heterogeneous 
clinicopathological, immunophenotypic, and genetic features [2,15]. Of 47 cases in this study,85% are 
DLBCL. DLBCL can be stratified into several subtype comprised of germinal centre B-cell (GCB)–
like or activated B-cell (ABC)–like subtypes, and the ABC subtype of DLBCL have an inferior 
prognosis [16]. MYC rearrangements can be found in aggressive B-cell non-Hodgkin lymphomas, 
including most B-cell lymphomas, unclassifiable, with features intermediate between diffuse large B-
cell lymphoma and BL (BCLU), and in 10% to 15% of diffuse large B-cell lymphomas (DLBCL) [7].  

MYC protein expression in our study was found positive in 72,3% cases. MYC overexpression was 
confirmed as a negative prognostic parameter in multiple studies [2,3,8,15,17]. MYC overexpression 
was also correlated with high proliferation index [18]. Broyde et al, in their study about Ki67 and 
lymphoma grade reported the mean score of Ki-67 PI increased from 26.6% for indolent lymphomas 
to 67.2% for aggressive lymphomas to 97.6% for very aggressive lymphomas [19]. The cut of value of 
Ki67 for lymphoma grade was not establish yet, then our study used 40-70% for aggressive and 

very aggressive and we found there is no significant correlation with others variable 
(p>0.005).  

Non-Hodgkin lymphoma pathogenesis is not only the result of autonomous cell growth but also 
relies on survival and proliferation signals from the  tumor microenvironment [20]. MYC is interesting 
in that it mediates the tumorigenic mechanisms of both cancer cells and macrophages and MYC is 
found overexpressed in human TAM [21]. TAM is M2-like macrophage which stained specifically by 
CD163 [22]. To our knowledge, this present study reports for the first time the MYC expression and 
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its association with TAM in high-grade non-Hodgkin lymphoma. We initiated this 
immunohistochemical study to evaluate the possibility of positive MYC expression will be followed 
by the high density of TAM, as its reported by Pello et al [12] in their study of MYC and its role in 
alternative activation of macrophage. Our study found MYC expression and the density of TAM tend 
to higher in male, more in nodal location for the densest of TAM, higher in younger subject age £ 60 
and showed more Ki67 > 70%.  

The high percentage of MYC expression was almost always followed by high average score of 
TAM. TAM may activate by another mechanism, referring to other literature that mention, TAM was 
induced by antibody immune complex, IL-1, IL-6, IL-10, glucocorticoid and transforming growth 
factor (TGFb) [23]. TAM may contribute to the worst prognosis of lymphoma because TAM can 
produce growth factors, proteases and cytokines that initiate tumorigenesis, enhance tumor 
progression, and promote angiogenesis and metastasis [10]. Our finding in this study, is similar with 
Pello et al [12]. This study showed MYC may has role in alternative pathway of macrophages 
activation. In summary, our review of MYC IHC data collected during routine clinical practice has 
revealed several findings, high percentage MYC expression was almost always followed with high 
density of TAM. Secondly for DLBCL non-GC subtype in our study mostly £ 60 in contrast with 
other literature which reported age predilection for this subtype is over 60 [13]. Several factors might 
cause this differentiation, it may cause by life style, diet habit, occupation and others unknown factor.   

We also found association between Ki67 expression and tumor location. Taken together, our 
findings suggest that both of MYC IHC and CD 163 are important for a comprehensive understanding 
of high-grade non-Hodgkin B cell lymphomas, since these tests provide complementary diagnostic 
information that is useful for clinicians triaging patients who may require more aggressive therapies. 
The limitation of our study is the distinction between positively stained in macrophages and tumor cell 
by MYC antibody is difficult to observe in our study, therefore, future multi-color 
immunohistochemistry will be required for more detailed. 

5.  Conclusions 
Our study showed MYC positive expression and high density of TAM,  almost always found in male, 
younger patient, nodal location for the densest of TAM and  showed more Ki67 > 70%. Based on our 
finding we conclude MYC may facilitate the high density of  TAM and contribute to worst prognosis 
in  younger  male  patient of high grade non-Hodgkin B cell lymphomas.   
 
6.  References  
[1] Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin D M, Forman D and 

Bray F 2015 Cancer incidence and mortality worldwide: Sources, methods and major 
patterns in GLOBOCAN 2012 Int. J. Cancer 136 E359–86 

[2]      Hu S, Xu-Monette Z Y, Wu L, Visco C, Tzankov A, Montes-Moreno S, Dybkær K, Chiu A, 
Orazi A, Zu Y, Bhagat G, Richards K L, Hsi E D, Zhao X F, Choi W W L, Zhao X, Zhang 
X, Van Krieken J H, Huang Q, Huh J, Ai W, Ponzoni M A, Ferreri A J M, Zhou F, Winter J 
N, Go R S, Li Y, Piris M A, Møller M B, Miranda R N, Medeiros L J and Young K H 2013 
MYC/BCL2 protein Co-expression defines a unique subset of aggressive lymphoma and 
contributes to the inferior prognosis of activated B-cell subtype of diffuse large B-cell 
lymphoma: A report from the international DLBCL rituximab-CHOP consortium program s 
Clin. Lymphoma, Myeloma Leuk. 13 S382–3 

[3]  Johnson N A, Slack G W, Savage K J, Connors J M, Ben-Neriah S, Rogic S, Scott D W, Tan K 
L, Steidl C, Sehn L H, Chan W C, Iqbal J, Meyer P N, Lenz G, Wright G, Rimsza L M, 
Valentino C, Brunhoeber P, Grogan T M, Braziel R M, Cook J R, Tubbs R R, Weisenburger 
D D, Campo E, Rosenwald A, Ott G, Delabie J, Holcroft C, Jaffe E S, Staudt L M and 
Gascoyne R D 2012 Concurrent expression of MYC and BCL2 in diffuse large B-cell 
lymphoma treated with rituximab plus cyclophosphamide, doxorubicin, vincristine, and 
prednisone J. Clin. Oncol. 30 3452–9 

[4]  Ott G 2014 Impact of MYC on malignant behavior Hematology 2014 100–6 
[5]  Cai Q, Medeiros L J, Xu X and Young K H 2015 MYC-driven aggressive B-cell lymphomas: 

biology, entity, differential diagnosis and clinical management. Oncotarget 6 38591–616 



Sriwijaya International Conference on Medical and Sciences

IOP Conf. Series: Journal of Physics: Conf. Series 1246 (2019) 012026

IOP Publishing

doi:10.1088/1742-6596/1246/1/012026

6

 
 
 
 
 
 

[6]  Korac P, Dotlic S, Matulic M, Petranovic M Z and Dominis M 2017 Role of MYC in B cell 
lymphomagenesis Genes (Basel). 8 2–20 

[7]  Kluk M J, Ho C, Yu H, Chen B J, Neuberg D S, Cin P D, Woda B A, Pinkus G S and Rodig S J 
2016 MYC immunohistochemistry to identify MYC-driven B-cell lymphomas in clinical 
practice Am. J. Clin. Pathol. 145 166–79 

[8]  Green T M, Young K H, Visco C, Xu-Monette Z Y, Orazi A, Go R S, Nielsen O, Gadeberg O 
V., Mourits-Andersen T, Frederiksen M, Pedersen L M and Møller M B 2012 
Immunohistochemical double-hit score is a strong predictor of outcome in patients with 
diffuse large B-cell lymphoma treated with rituximab plus cyclophosphamide, doxorubicin, 
vincristine, and prednisone J. Clin. Oncol. 30 3460–7 

[9]  Scott D W and Gascoyne R D 2014 The tumour microenvironment in B cell lymphomas Nat. 
Rev. Cancer 14 517–34 

[10]  Nam S J, Go H, Paik J H, Kim T M, Heo D S, Kim C W and Jeon Y K 2014 An increase of M2 
macrophages predicts poor prognosis in patients with diffuse large B-cell lymphoma treated 
with rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone Leuk. 
Lymphoma 55 2466–76 

[11]  Gnanaprakasam J N R and Wang R 2017 MYC in regulating immunity: Metabolism and 
beyond Genes (Basel). 8 14–6 

[12]  Pello O M, De Pizzol M, Mirolo M, Soucek L, Zammataro L, Amabile A, Doni A, Nebuloni 
M, Swigart L B, Evan G I, Mantovani A and Locati M 2012 Role of c-MYC in alternative 
activation of human macrophages and tumor-associated macrophage biology Blood 119 
411–21 

[13]  Swerdlow S, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H  et al 2008 WHO Classification 
of Tumours of Haematopoietic and Lymphoid Tissue (Lyon, France: IARC Press) 

[14]  Behdad A and Bailey N G 2016 Comprehensive Assessment and Classification of High-Grade 
B-cell Lymphomas Surg. Pathol. Clin. 9 41–54 

[15]  Tapia G, Lopez R, Muñoz-Mármol A M, Mate J L, Sanz C, Marginet R, Navarro J T, Ribera J 
M and Ariza A 2011 Immunohistochemical detection of MYC protein correlates with MYC 
gene status in aggressive B cell lymphomas Histopathology 59 672–8 

[16]  Campo E, Harris NE J E 2017 Hematolymphoid ed Q-M L Campo E, Jaffe ES, Harris NE, 
Arber DA (New york: Elsevier) 

[17]  Kawamoto K, Miyoshi H, Yoshida N, Nakamura N, Ohshima K, Sone H and Takizawa J 2016 
MYC translocation and/or BCL 2 protein expression are associated with poor prognosis in 
diffuse large B-cell lymphoma Cancer Sci. 107 853–61 

[18]  Tang Y, Zhou Y, Cheng L, Su Y and Wang C 2017 BCL2/Ki‑67 index predict survival in 
germinal center B‑cell‑like diffuse large B‑cell lymphoma Oncol. Lett. 3767–73 

[19]  Broyde A, Boycov O, Strenov Y, Okon E, Shpilberg O and Bairey O 2009 Role and prognostic 
significance of the Ki-67 index in non-Hodgkin’s lymphoma Am. J. Hematol. 84 338–43 

[20]  Kridel R, Steidl C and Gascoyne R D 2015 Tumor-Associated macrophages in diffuse large b-
cell lymphoma Haematologica 100 143–5 

[21]  Lau S K, Chu P G and Weiss L M 2004 Cd163 Am. J. Clin. Pathol. 122 794–801 
[22]  Mantovani A, Marchesi F, Malesci A, Laghi L and Allavena P 2017 Tumour-associated 

macrophages as treatment targets in oncology Nat. Rev. Clin. Oncol. 14 399–416 
[23]  Biswas S K and Mantovani A 2010 Macrophage plasticity and interaction with lymphocyte 

subsets: Cancer as a paradigm Nat. Immunol. 11 889–96 
 
   
 
 
 
 

 
  
 


