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Abstract 

The significance of lymphangiogenesis in malignant tumors 

and specifically in classic Hodgkin lymphoma has not been 

properly evaluated, in contrast with that of angiogenesis in 

these neoplasms. In the study reviewed herein, the relevance 

of lymphatic vessel proliferation was explored in 19 cases of 

classic Hodgkin lymphoma stained with the D2-40 (anti-

podoplanin) antibody. In each case, three lymphatic vessel 

hot spots were analyzed twice. Of the 57 hot spots thus 

investigated, 15 were chosen at random for image 

acquisition and analysis and microvessel counting. The 

mean perimeter, major axis length, surface area and 

complexity factor for each hot spot were established by 

morphometry, and associations with clinical and laboratory 

traits of classic Hodgkin lymphoma were identified. No 

relationships were found with the clinical features or 

immunostaining for typical markers of this lymphoma. 

However, significant inverse relations were found with 

BAX, pRb and IκB-α expression in tumor cells, genes 

believed to play roles in apoptosis in this lymphoma. The 

mean lymphatic major axis length was inversely correlated 

with the complexity factor. Clinicopathological associations 

were further obtained for the expression of BAX, pRb, and 

IκB-α in a large cohort of classic Hodgkin lymphoma 

patients that was previously published. Since the issue was 

poorly explored at this point, we have reviewed the 

significance of lymphangiogenesis in indirectly associated 

conditions. 

mailto:danielbenharroch1@gmail.com


J Cancer Sci Clin Ther 2020; 4 (2): 078-085  DOI: 10.26502/jcsct.5079053 

 

 

Journal of Cancer Science and Clinical Therapeutics   84 

Keywords: Lymphatic vessels; Complexity factor; 

Hodgkin lymphoma; pRb; IκB-α; BAX 

 

1. Introduction 

Recently, it has been suggested that lymphatic vessel 

proliferation (lymphangiogenesis - LAG) may provide a 

better target for immunotherapy and biological therapy than 

angiogenesis, where such therapies have mainly failed [1-4]. 

Classic Hodgkin lymphoma (cHL) is a primary malignant 

neoplasm of the immune system. For practical purposes, it 

almost exclusively involves lymph nodes (LNs) at diagnosis. 

Whereas LAG in the LNs has been detected mainly in 

metastatic tumors, LAG has occasionally been described in 

primary malignant lymphomas [5-7]. Angiogenesis has 

rarely been detected in cHL. Such an unusual description has 

been investigated by morphometric methods, microvessel 

density or the hot spot technique [8]. Lymphangiogenesis 

and angiogenesis have been explored by evaluating the 

expression of VEGF and variants in cHL [9]. 

 

We have previously atempted to clarify the features of LAG 

in cHL by using a morphometric method and looking for 

clinicopathological correlations [10]. A review of the 

previously published work on this topic is presented herein. 

The possible relevance of LAG is investigated, and when 

highlighted, a search is carried out to demonstrate the genes 

and growth factors associated with the role of LAG in cHL 

in an expanded population of cHL patients. Since studies on 

LAG in lymphoma are scarce, we conclude the present paper 

with a review of the literature published recently on LAG in 

conditions related directly or indirectly to lymphoma. 

 

2. Methods 

For the original study on LAG in cHL, nineteen cases of 

mixed cellularity cHL, primarily involving the LNs, were 

selected from our archives of formalin-fixed, paraffin-

embedded tissue samples. Five-micron-thick sections were 

submitted for immunohistochemistry (IHC) (avidin-biotin 

complex method) with the D2-40 antibody (1:10, Dako to 

identify lymphatic vessels (LVs) and an anti-CD34 antibody 

to identify the blood vessel (BV) endothelium. For each 

case, three lymphatic vessel hot spots were analyzed (57 hot 

spots in total). The hot spots were imaged at 200X 

magnification and then printed with black ink on white 

paper. The vessels were underlined in the images: the LVs 

were traced in brown, and the BV endothelium was traced in 

red. 

 

Fifteen of the 57 hot spots, which were selected at random, 

were subjected to morphometry twice. For each case, mean 

LV perimeter, major axis length, surface area and mean 

(shape) complexity factor analyses used the microvessel 

count and image analysis approaches described by 

Korkopoulou et al. [8]. The complexity factor was computed 

as equal to 5π*area/perimeter
2
. The above parameters were 

correlated with clinical characteristics and were also related 

to CD30, EBV/LMP1, EBER, CD20, p53, MDM-2, pRb, 

BAX and IκB-α expression and to the apoptotic index [11]. 

In 10 distinct sections of the hot spots, double staining of 

LVs was performed with D2-40 (counterstained brown with 

a DAB substrate) and an anti-CD34 antibody (counterstained 

red with an AEC substrate). For this analysis, we used the 

method reported by Kyras et al. [12]. Statistical analysis 

employed the Mann-Whitney test for nonparametric values 

and Spearman's analysis for nonparametric correlations. 

Finally, we carried out a review of the recent (2014-2019) 

relevant literature on LAG and lymphomas, but included 

also conditions akin to lymphomas. 

 

3. Results 

3.1 Lymphangiogenesis in cHL 

No statistically significant associations were found between 

the four lymphatic parameters and clinical characteristics. 

Statistically significant inverse relationships were obtained 
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between the LV parameter mean lymphatic area and mean 

complexity factor and pRb expression. BAX was inversely 

and significantly linked with the mean surface area and the 

mean LV length. IκB-α expression was inversely and 

significantly related to the mean LV perimeter . Of all the 

LV parameters, only the LV major axis length was inversely 

correlated with the shape factor, and this correlation was 

significant (r=-.6; p=.03). The only significant association of 

the mean lymphatic perimeter was an inverse relationship 

with IκB-α expression (p=.015). A direct and significant 

relation was found between the shape factor and pRb 

expression [10]. 

 

3.2 Relevance of BAX, pRb and IκB-α expression in an 

expanded (n=178) cHL cohort 

As these genes were shown to present significant relations 

with LAG in cHL, confirmation in a larger population was 

deemed necessary. BAX was inversely linked with bulky 

cHL (p=.040). No other significant clinical associations were 

found in this large cohort. pRb expression was inversely 

related to the expression of a sialylated CD15 antigen. The 

relationships between BAX expression and the biological 

markers of cHL, included direct links with MCL1, p53 and 

MDM-2 expression, and inverse links with BAK and BCL-2 

expression [10]. 

 

A significant inverse association between IκB-α and LMP1 

of EBV was demonstrated. Kaplan-Meier analysis showed 

no significant difference in overall survival among patients 

stratified by BAX expression. In addition, there was no 

relationship between IκB-α expression and overall survival 

in cHL (data not shown). 

 

4. Discussion 

Lymphangiogenesis in primary epithelial malignancies as 

well as in related lymph node metastasis differs from 

angiogenesis both for characteristics and significance [13-

15]. However, we are mainly concerned here with the issue 

of LAG in cHL, which develops primarily in the LNs. 

Moreover, the mode of dissemination of cHL, at least in the 

early stages of disease, is migration from one group of LNs 

to the adjacent group. A single article investigated LAG in 

cHL by evaluating VEGF expression in cHL-HRS cells. The 

authors showed limited expression of VEGF-C in HRS cells 

in patient serum samples and gene expression analysis as 

these cells relate with LAG [9]. 

 

The significance of LAG in cHL was scrutinized, since 

evidence of LAG in cancer is generally controversial [16-

18]. Here, we favored the morphometric approach. 

Lymphatic vessels were defined by IHC with the D2-40 

antibody, with CD34 expression evaluated when necessary 

to identify BVs. We defined four morphometric parameters 

for an LV: a mean perimeter, a mean surface area, a mean 

major axis length and a computed factor of complexity [8]. 

Our work represents the morphometry of 15 hot spots. 

 

pRb was considered to play roles in two morphometric 

parameters of LAG. This tumor suppressor gene has been 

proposed to be a regulator of angiogenesis in various 

neoplasms [19-21], but it has not been related to LAG to 

date. BAX showed inverse associations with two other 

morphometric parameters of LVs. On the other hand, we 

previously noted a direct relationship between BAX 

expression and VEGF-C expression in urinary bladder 

carcinoma [22]. IκB-α was found to be inversely and 

significantly related to the mean LV perimeter. This gene is 

believed to modulate angiogenesis but, to date, not LAG [5]. 

Therefore, restriction of IκB-α expression may promote NF-

κB and consequently angiogenesis. At this stage, we are not 

aware of LAG activation by this combined regulation. 

 

In the original work, we demonstrated an inverted 

correlation between the mean LV shape factor and LV major 
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axis length. This may indicate that in the process of LV 

maturation, vessels may progress from small and complex 

figures to long and simple shapes. However, most clinical or 

biological variables were not associated with either of these 

morphometric parameters. The use of antiangiogenic therapy 

has not met with significant clinical success [4]. For LAG, 

we are not aware of any therapeutic relevance. Of note, the 

significance of angiogenesis in cHL has been poorly 

clarified [7, 23-25]. 

 

4.1 Analysis of the three genes in an enlarged cohort 

Links between these three genes were investigated in depth 

in the second part of the present paper . For that purpose, a 

larger cohort of cHL patients (n=178) was examined. This 

cohort had been the subject of a previously published article 

on cHL [13]. One aspect of the prior study concerned BAX 

and IκB-α expression, which, on the one hand, linked with 

LAG and, on the other hand, linked with the putative role of 

the measles virus in cHL [26]. Another aspect of the older 

study linked BAX expression with apoptosis regulation. The 

interactions between different members of the BCL-2 family 

of proteins are not straightforward [23]; their associations 

with cell survival are also complex [24]. It seems that, 

overall, the distributions of different members of this family 

are more significant than the status of each member. Their 

specific levels of activation may also be critical [27]. 

 

The association of HRS cell apoptosis with LAG, although 

indirect, is identifiable in the first part of this review. A 

further part of the larger sample population work identified 

associations between pRb and sialylated CD15 expression 

and between IκB-α and nonsialylated CD15 expression. 

These new relations between CD15 and LAG require further 

investigation. Although the correlations between the LV 

parameters and the three genes are mostly contrary; they 

suggest, however, roles for these factors in LAG in cHL. 

 

4.2 Recent literature review of LAG in lymphomas and 

variously related conditions 

To review the recent medical literature regarding the role of 

LAG in cancer in general and in lymphoma specifically, we 

performed the following search in PubMed: 

lymphangiogenesis AND lymphoma AND ("2014"[Date - 

Publication]: "2019"[Date - Publication]). The search 

disclosed 20 results. One article was excluded because it was 

published in Polish, another represented our own previous 

article on the topic [10] and was reviewed above, and five 

additional articles were excluded due to lack of relevance to 

the subject in question. The remaining 13 articles are 

reviewed here. Of these, three discuss the role of 

lymphangiogenesis in cancer in general but relate 

peripherally to lymphoma, five discuss LAG as it relates to 

lymphoma specifically, and four address mechanisms in 

human immunodeficiency virus (HIV)-infected patients. 

 

The role of LAG in HIV is relevant here because so-called 

opportunistic malignancies represent a notable complication 

of AIDS, and in fact, several hematological and non-

hematological malignancies are AIDS-defining illnesses 

[28]. The mechanisms underlying these diseases are 

currently being elucidated, but several studies have directly 

linked HIV proteins with LAG. Several authors [29-32] have 

found that the HIV matrix protein p17 induces angiogenesis 

and LAG within the lymph nodes via activation of the 

MAPK/ERG and PI3K/AKT pathways in vivo. This is 

significant because, although AIDS patients are at a great 

risk of developing lymphoma, HIV itself does not enter 

these lymphoid cells, and therefore, other mechanisms for 

initiating lymphomagenesis must be present, with the role of 

LAG being the currently favored mechanism [31, 32], and in 

fact, lymph node-derived lymphatic endothelial cells 

probably directly release prolymphomagenic factors into the 

microenvironment [32]. We postulate that these findings, as 

they pertain to the role of LAG in lymphoma, may be 
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significant not only in AIDS-related lymphomas but also 

more generally in lymphomagenesis. 

 

Another important oncogenic virus is human herpes virus-8 

(HHV-8), also known as Kaposi’s sarcoma-associated 

herpesvirus (KSHV). In addition to its causal role in 

Kaposi’s sarcoma, HHV-8 is important in the pathogenesis 

of several B-cell lymphomas and that of multicentric 

Castleman disease (MCD). In their review of HHV-8 

oncogenesis, Purushothaman et al. [33] discussed the role of 

LAG in both lymphoproliferative disorders and Kaposi’s 

sarcoma. Notably, among the pathways affected by HHV-8, 

there is upregulation of MAPK and PI3K expression, which 

have been found to induce lymph node LV proliferation and 

additional oncogenic effects. Additional studies [34, 35] 

have specifically examined the role of mast cells in cancer, 

and it is becoming clear that these cells have a significant 

role in LAG, which in turn promotes tumor spread and 

progression. The authors of relevant studies note that in 

several cancers (including both solid tumors and some 

hematological malignancies), increased mast cell numbers 

correlate with tumor progression and a poor prognosis. This 

association between increased mast cell numbers and a poor 

prognosis is pronounced in HL. A recent review of LAG by 

Stacker et al. [36] did not discuss lymphoma at all, but this 

review is mentioned here because it provides a thorough 

explanation of the mechanisms discussed so far. 

Furthermore, the authors highlight the significance of these 

findings because immunotherapy targeting LAG is currently 

in clinical trials for several nonhematological malignancies. 

 

As we turned our attention to the recent literature focused on 

the role of LAG in lymphomas, we found five articles that 

provided striking elucidation of the mechanisms in a variety 

of malignancies, encompassing both HL and NHL, and three 

of these reports focused on the role of vascular endothelial 

growth factor C (VEGF-C). It has been shown [37] that 1) 

miRNA-155 exhibits upregulated expression in NK/TCL 

cells compared to normal NK cells, 2) miRNA-155 is 

correlated with alterations in the expression of genes related 

to LAG, and 3) targeting miRNA-155 decreases the ability 

to promote LAG in vivo. More generally, a study of 

transgenic mice [38] found that LAG within the lymph 

nodes was an essential precursor of neoplastic B cell growth 

and spread. Similarly, it was found [39] that increased 

expression of VEGF-C in neoplastic mycosis fungoides 

(MF) cells correlates with increased numbers of LVs in the 

area of the tumor and worse clinical outcomes. In three 

studies published in a single article [40] elucidating the role 

of VEGF-C in HL in humans, the authors found that 1) 

increased serum VEGF-C levels correlated with tumor 

spread, progression, and negative clinical outcomes and that 

2) Reed-Sternberg cells could express VEGF-C, particularly 

in those patients with elevated serum levels. 

 

Taken together, these findings suggest that LAG plays a 

significant role in the progression of malignant disease, both 

in hematological and nonhematological malignancies, and 

that certain pathways and signaling molecules, namely, 

MAPK, PI3K, and VEGF-C, play special roles in 

lymphomagenesis. While clinical investigations into the 

pharmaceutical relevance of these pathways in several 

nonhematological malignancies are ongoing, perhaps 

increased attention should also be given to some NHLs and 

HLs as well. Our original study [10] suggested roles for 

BAX, pRb and IκB-α in LAG in cHL, which need further 

clarification. 
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