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RESUMEN

Introduccion: Los linfomas son un grupo heterogéneo de neoplasias malignas originadas de la linea linfoide,
que se caracterizan por un incremento en la proliferacion y/o disminucion de la apoptosis de los linfocitos.
Estas patologias se clasifican principalmente en dos grupos: Linfoma de Hodgkin y Linfoma No Hodgkin
(NHL). Estas neoplasias tienen un origen multifactorial, que involucra estados de inmunosupresion y
estimulacion constante del sistema inmune. Por lo cual es de interés conocer su correlacion con el sistema
inmune, especialmente al sistema del complemento que actia como primera linea de defensa de la inmunidad
innata. En este trabajo exploramos la interrelacion entre los linfomas y como el sistema del complemento afecta
la respuesta al tratamiento, su correlacion con el prondstico y con la progresion de la enfermedad. Objetivo:
describir la relacion entre el NHL y el sistema de complemento. Materiales y métodos: Esta revision de
literatura adopta un enfoque sistematico del NHL y el sistema del complemento. Siguiendo las normas
PRISMA se utilizo exhaustivamente la base de datos PubMed. Los criterios de inclusion comprenden estudios
centrados en el NHL, estudios sobre el sistema del complemento y articulos publicados en revistas revisadas

Péagina | 134 https://doi.org/10.61865/j.cyfsld.2025.954t-vbhe



CIENCIA X0 2025, VOLUMEN 3 | Salud |

por pares entre 2020 y 2025 escritos en inglés, mientras que los criterios de exclusion abarcan estudios en
idiomas distintos del inglés y estudios que no comprenden metaanalisis ni revisiones sistematicas. De un total
de 130,029 estudios potenciales, 58 fueron incluidos en la revision. Conclusion: La participacion del sistema
del complemento en el NHL es compleja. Se necesitan mas estudios para explorar el potencial del sistema del
complemento para el tratamiento del NHL con el fin de mejorar la supervivencia global y la calidad de vida de
estos pacientes

Palabras clave: neoplasias hematologicas, Linfoma No Hodgkin, Inmunidad, Sistema de Complemento,
células linfoides.

ABSTRACT

Introduction: Lymphomas are a heterogeneous group of malignant neoplasms originated from the lymphoid
lineage, characterized by an increase in proliferation and/or a decrease in apoptosis of lymphocytes. These
diseases are classified into two main groups: Hodgkin's lymphoma and non-Hodgkin’s lymphoma (NHL).
These neoplasms have a multifactorial origin, involving states of immunosuppression and constant stimulation
of the immune system. It is of interest to know the correlation with the immune system, especially the role of
the complement system that acts as the first line defense of innate immunity. In this work we explore the
interrelationship between lymphomas and how the complement system affects the treatment response, its
correlation with the prognosis and the progression of the disease. Objective: Describe the relationship between
NHL and the complement system. Methods: This literature review adopts a systematic approach to NHL and
the complement system. Following PRISMA guidelines, we utilized PubMed database comprehensively.
Inclusion criteria comprise studies focusing on NHL, studies about complement system and articles published
in peer-reviewed journals between 2020 - 2025 written in English, while exclusion criteria encompass non-
English language studies and non-meta-analysis nor systematic review studies. Of a total of 130,029 potential
studies, 58 were included in the review. Conclusion: Complement system involvement in NHL is complex.
Further research is needed to explore the potential of targeting the complement system for NHL treatment to
improve the overall survival and quality of life of these patients.

Keywords: Hematologic neoplasms, Non-Hodgkin Lymphoma, Immunity, Complement System, lymphoid
cells.

1. Introduction

Lymphomas are a heterogeneous group of malignant neoplasms originated from the lymphoid
lineage, characterized by an increase in proliferation and/or a decrease in apoptosis of lymphocytes
(Matsushita, 2010). These diseases can affect various tissues and are classified into two main groups:
Hodgkin's lymphoma and non-Hodgkin’s lymphoma (NHL, characterized by the absence of Reed —
Stenberg cells). Between 80 — 95% of NHL cases derive from B lymphocytes, while the remainder
originate from T lymphocytes and NK cells (Lewis, Lilly, & Jones, 2020; Shankland, Armitage, &
Hancock, 2012).

These neoplasms have a multifactorial origin, involving states of immunosuppression, especially
those related to T lymphocyte suppression, viral infections, and constant stimulation of the immune
system (Garcia-Gutierrez, Delgado, & Leon, 2019; Salam et al., 2020; Shankland et al., 2012). It is
of interest to know how this is going to affect the immune system, especially the role of the
complement system that acts as the first line defense of the immune system. This system is known
for its participation in the regulation of the proteolytic cascade, in pathogens opsonization, and also
can interact with the adaptive immune system (Merle, Church, Fremeaux-Bacchi, & Roumenina,
2015; Ricklin, Hajishengallis, Yang, & Lambris, 2010).
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2. Methodology and Materials

This literature review adopts a systematic approach to non-Hodgkin’s lymphoma and the
complement system. The review follows the Preferred Reporting Items for Systematic Reviews and
Meta- Analyses (PRISMA). A comprehensive search strategy was implemented to identify relevant
studies. Databases: PubMed.

Keywords: “Hematologic neoplasms”, “Non-Hodgkin Lymphoma”, “Immunity”, “Complement
System”, “lymphoid cells”. Search Filters: the search was restricted to peer- reviewed articles
published between 2020 - 2025 written in English.

To ensure the quality and relevance of the studies included, the following criteria were applied.
Inclusion criteria: studies focusing on non-Hodgkin’s lymphoma, studies about complement system
and articles published in peer- reviewed journals. Exclusion criteria: non- English language studies.
Data extraction and analysis: data were systematically extracted using a standardized data extraction
form, a thematic analysis was conducted to identify non-Hodgkin lymphoma and complement
system, clinical characteristics, diagnosis, staging and treatment.

Ethical considerations: as this study is a literature review, there was no new data collected, and
therefore, ethical approval was not required. The review process was transparent, with detailed
reporting of inclusion and exclusion criteria to maintain rigor.

NHL and complement system
studies (n=130,029)

Exclusion criteria (n=128,461)

A

‘ Inclusion criteria (n=1,568) ’

Eliminated: studies did not
contained clinical characteristics,

diagnosis, staging and/or
1 ] treatment. (n=1,510)

Utilized studies (n=58) ’

Figure 1. Flowchart explaining the selection criteria for the articles used in this work.
3. Clinical Presentation

Lymphomas are a result of malignant proliferation of lymphoid cells, presenting with a wide variety
of clinical manifestations. They usually present as chronic or recurrent painless lymphadenopathy
(not exclusive to the disease), and the evolution of lymphadenopathy varies depending on the type
of lymphoma; the lymph node chains in the neck, axilla, and groin are the most affected (Shankland
etal.,2012). Extranodal locations are common, with the main sites being the stomach, small intestine,
skin, and brain, leading to clinical findings due to compression (Bowzyk Al-Naeeb, Ajithkumar,
Behan, & Hodson, 2018).

The clinical presentation also depends on factors such as the site of localization and the presence or
absence of B symptoms (weight loss >10%, night sweats, and fever). Indolent lymphomas are
characterized by chronic, asymptomatic peripheral lymphadenopathy, unless they cause compression
at some site; they are insidious, slow-growing, and may present with hepatomegaly, splenomegaly,
or cytopenia. Aggressive lymphomas tend to grow rapidly and are usually symptomatic, presenting
with rapid mass growth, systemic B symptoms, or elevated serum lactate dehydrogenase and uric
acid levels (Ansell, 2015; Lewis et al., 2020; C. Yadav et al., 2016). Common symptoms such as
fatigue, night sweats, or weight loss may also be present (Bowzyk Al-Naeeb et al., 2018). The 80%
of lymphomas in adults have a B immunophenotype (IP) and are mostly characterized by nodal
presentation, unlike in the pediatric age group, where most of the cases correspond to T cell
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lymphoma with extranodal presentation(Bowzyk Al-Naeeb et al., 2018).

Risk factors associated with poor prognosis include age over 60 years, histological type, presence or
absence of B symptoms, poor general condition, presence of an abdominal mass >10 cm, number of
extranodal sites affected (more than three), serum lactate dehydrogenase concentration, and
involvement of bone and bone marrow (Hermans et al., 1995; Maurer, 2023; C. Yadav et al., 2016).
The NHL are responsible for 60% of all lymphomas in children, and the main histological subtypes
in this age group are Burkitt lymphoma, diffuse large B-cell lymphoma, anaplastic large cell
lymphoma, and lymphoblastic lymphoma, with the latter accounting for 30% of NHLs (Lewis et al.,
2020; Sandlund & Martin, 2016; Sheikh et al., 2022). Patients with this subtype of lymphoma mostly
present with a mass in the intrathoracic or supradiaphragmatic mediastinal area, and it is associated
with severe complications, such as symptoms due to compression of the airway or superior vena
cava, and pleural effusions (Besteiro et al., 2021).

4. Epidemiology

Non-Hodgkin lymphoma represents a significant number of deaths worldwide, being the eleventh
leading cause of cancer-related mortality(J. Luo et al., 2022). It has an incidence of 2.8% of new
cancer diagnoses and 2.6% of deaths globally (Barreno-Rocha et al., 2023). The incidence varies
from country to country; in 2020, China had the highest number of cases at 17.1%, followed by the
United States with 13.5%. In 2020, 544,352 people were diagnosed with NHL, of which 259,793
resulted in deaths (J. Luo et al., 2022). In Mexico, it accounts for 3.5% of new cancer diagnoses and
3.4% of cancer-related deaths. A five-year prevalence of 19,495 cases is estimated, one-third of
which corresponds to the diffuse large B-cell lymphoma (Barreno-Rocha et al., 2023). According to
the most recent data published by the WHO, in 2022 there were 553 389 new cases of NHL,
representing 2.8% of all cancer cases diagnosed globally, with an incidence of 5.6 every 100 000
inhabitants and a global mortality rate of 6.2 every 100 000 inhabitants (Ferlay et al., 2021).

By 2030, the incidence and mortality of NHL (non-Hodgkin lymphoma) are expected to increase by
60% in Latin America (Pavlovsky et al., 2022). In 2003, in Mexico, this pathology accounted for
the third most common type of cancer in men at 7.8%, while in women it was the sixth leading cause
at 3.9%; and from 2000 to 2017, the group of non-Hodgkin Lymphoma represented 2.82% of new
cancers and 2.6% of all cancer related deaths (Ferlay et al., 2021).

In the general population, the lifetime risk of developing NHL is 1 in every 108 men and 1 in every
162 women. Infection with the human immunodeficiency virus (HIV) significantly increases this
risk, estimated at 1 every 25 to 29 (Kimani et al., 2020). Globally, between 2007 and 2017, the
number of cases of NHL increased by 39%, where 15% of this increase was due to a change in the
age structure of the general population, another 13% due to population growth, and finally 11% due
to changes in incidence rates (Global Burden of Disease Cancer et al., 2019).

There are distinct types of NHL classified by the World Health Organization (WHO), and the
prevalence of each type depends on factors such as the age of presentation. The most common types
in pediatric age are Burkitt lymphoma, diffuse large B-cell lymphoma (DLBCL), and lymphoblastic
lymphoma, which are primarily observed in patients aged 1 to 9 years. As children grow older, the
incidence changes, with DLBCL increasing and Burkitt lymphoma decreasing (Sheikh et al., 2022).

5. Diagnosis

The initial suspicion arises from the observed clinical signs and symptoms. Confirmatory tests
involve performing a biopsy of the affected tissue, which is then analyzed using
immunohistochemistry or flow cytometry to observe the characteristics of the cells involved in the
neoplasm (Cho, 2022; Liu & Barta, 2019). Each subtype of the disease has a characteristic
expression of markers that allows for differentiation (Cho, 2022; Glynn, Soma, Wu, Wood, &
Fromm, 2019; Lewis et al., 2020).
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Table 1. Immunophenotype of different types of lymphoma.

Lymphoma Immunophenotype
DLBCL CD20, CD3, BCL-6, CD10, BCL-2, Ki-67.
SBCL CD20, CD5, CD23, Cyclin D1, BCL-6, CD10, Ki-67.
Classic Hodgkin CD20, CD3, CD45, CD30, CD15, LMP-1.
T/NK Lymphoma CD20, CD3, CD43, Ki-67, CD4, CD8, CD30, CD56, ALK-1,

EMA, TIA-1, Perforin, Granzyme B, EBER.

Table 2. Flow cytometry markers of different types of NHL.

Lymphoma Flow cytometry markers

Diffuse large B-cell lymphoma Variable expressions of CD19, CD20 and CD45; CD10
may or may not be expressed.

Follicular lymphoma CD4; CD19, CD20 and CD38 decreased, CD10
increased.

Chronic lymphocytic leukemia/ small CD45, CDS5, CD20 dim; CD23 and CD200 positive,

lymphocytic lymphoma FMC-7 negative.

Mantle- zone lymphoma CD45, CD5, CD20 (normal), CD23 and CD200 negative,
FMC-7 positive.

Burkitt lymphoma CD45, CD20, CD10, CD38 increased.

Hairy cell leukemia CD20 bright, CD19, co-expression of CD11c, CD25 and
CD103 without CD5 and CD10.

Marginal zona lymphoma CD20, CD19; CDS5 and CD10 negative.

6. Staging

The classification of the disease is fundamental in determining the treatment to be administered to
patients. This classification can be carried out in different ways, however, the most used systems are
based on physical examinations, laboratory tests, chest X-rays, CT scans or MRIs, and bone marrow
analysis, such as the Ann Arbor system (Makita et al., 2020).

The classification proposed by Lugano in 2014 includes the use of more recent techniques, such as
positron emission tomography. However, it has been determined that traditional methodologies, such
as bone marrow biopsy, cannot be dispensed with (Makita et al., 2020).

Both systems define the presence of a lesion differently. The Ann Arbor system defines them as any
nodal lesion with a diameter greater than or equal to 1.5 cm at its largest axis; while the system
proposed by Lugano defines them as any lymph node with the ability to capture FDG
(18Fluorodeoxyglucose) (Makita et al., 2020).

The Ann Arbor criteria classify the disease into 4 stages, according to the areas of the body that are
affected, dividing it into two zones delimited by the diaphragm. According to these criteria, stage I
is defined as the disease where only one nodal region is affected; stage II considers two nodal regions
affected but located on the same side of the diaphragm. Stage 111 is where the disease affects both
sides of the diaphragm. Finally, stage IV is characterized by the involvement of extranodal sites
(Shankland et al., 2012).

It also considers the presence of B symptoms and extranodal disease during classification, with the
suffix "A" corresponding to lymphomas that do not cause B symptoms, the suffix "B" to lymphomas
that cause B or systemic symptoms; and the suffix "E" corresponds to the disease that presents
extranodal infiltration (Cheson et al., 2007; Shankland et al., 2012).

A good correlation has been found between, both systems, although the Lugano system has greater
sensitivity; however, it is not very common for the disease category and its treatment to change when
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using either of the two systems (Makita et al., 2020; Rosenberg et al., 1971).

Table 3. Ann Arbor staging system.

Ann Arbor

Stage

1 Restricted to 1 lymph node affected or 1 extranodal site (1E).

2 Affects 2 or more lymph nodes on the same side of the diaphragm.

3 Lymph node injury on both sides of the diaphragm.

4 Extensive extranodal disease (liver, bone, others)

Substage

A Absence of B symptoms (systemic symptoms)

B Weight loss (more than 10% of the body weight) and/or unexplainable fever and/or
nocturnal diaphoresis.

E Extranodal disease

Table 4. Lugano staging system.

Lugano

Stage

1 Only one lymph node affected, or only one extralymphatic lesion.

2 Multiple lymph nodes affected in the same side of the diaphragm, or with
extralymphatic involvement.

3 Multiple lymph nodes affected on both sides of the diaphragm; the spleen may be
involved.

4 Noncontinuous extralymphatic involvement.

Substage

A Absence of symptoms

B Weight loss (more than 10% of the body weight) and/or unexplainable fever and/or
nocturnal diaphoresis.

7. Prognosis

The International Prognostic Index (IPI) is a prognostic tool originated in 1993; this index is
composed of the Ann Arbor staging and the following features (table 5). In this system the low-risk
groups are those whose score goes from 0 — 1 point, the medium risk is assessed at 2 points, medium
— high at 3 and high risk from 4 to 5 points. A higher score represents a more severe risk (Hermans
et al., 1995; Maurer, 2023).

Table 5. IPI score system.

Item Points
Age > 60 +1
ECOG performance status > 2 +1
LDH > upper limit of reference range +1
> 2 extranodal sites involved +1
Ann Arbor stage [1I/IV +1
IPI score Sum of Points

ECOG: Eastern Cooperative Oncology Group Performance status; LDH: Lactate dehydrogenase.
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The information provided by a prognostic tool provides guidance for treatment selection, helps to
determine clinical trial eligibility and is useful for patient counseling (8,9).

8. Treatment

The most common treatment for NHL is the CHOP regimen (chemotherapy) which consists of the
use of cyclophosphamide, doxorubicin, vincristine, and prednisone. A modification of this regimen
includes the use of a monoclonal antibody directed against CD20 (rituximab); randomized controlled
trials demonstrate that the addition of this monoclonal antibody to chemotherapy cycles improves
overall disease survival however about one-third of the patients relapse (Ansell, 2015; Linschoten et
al., 2020; Mondello & Mian, 2019). The treatment can be administered every 14 (condensed cycles)
or 21 days (R— CHOP 14; R — CHOP 21, respectively). The first trial comparing the difference
between the two forms of administration demonstrated that R-CHOP-14 had a lower relapse,
however the overall survival in R-CHOP-21 was higher (78%) compared with R-CHOP-14 (67%),
nevertheless further studies have shown no difference between these two regimens compared to its
effectiveness and even toxicity. Therefore, because the 14-day regimen demonstrates a lower overall
3-year survival rate including all ages, older people, and risk groups, it is not as recommended for
use. Cunningham et al, in its phase 3 comparison between these two regimens, 1,080 patients with
recently diagnosed Diffuse Large B-cell Lymphoma were studied, and they concluded that both have
similarities in terms of efficacy and toxicity results, however the differences found were centered in
the group that received R-CHOP-14, who were associated with levels of thrombocytopenia, and there
was a higher mortality in that group (Candelaria & Duenas-Gonzalez, 2021; Cunningham et al.,
2013).

9. Complement system

The complement system consists of more than 60 proteins synthetized in the liver and other cells that
work together to function as the first line defense of the immune system. This system was described
for the first time in 1980. The CS has a broad variety of functions, since it participates in the
regulation of the proteolytic cascade necessary for the assembly of the MAC; also participates in
pathogens opsonization, induces inflammation and can interact with the adaptative immune system;
as well as keeping the body homeostasis (Merle et al., 2015; Ricklin et al., 2010).

9.1 Mechanisms of the CS

The CS can be activated by three described pathways: the classical pathway, the lectin pathway and
the alternative pathway (Merle et al., 2015).

9.1.1  Classical pathway

The classical pathway is initiated when the C1 complex (composed of Clq, Clr and Cls) detects a
specific structure or ligand, such as IgG, IgM, phosphatidylserine, HTLV-1, C — reactive protein,
calreticulin — CD91 and integrin alpha2betal. The recognition of these structures and molecules
occurs through the globular fraction of Clq (gC1q) (Gal, Ambrus, & Zavodszky, 2002; Kardos et
al., 2008).

After the recognition mediated by Clq, this subunit activates the catalytic core of the C1 complex,
which is composed by the Clr and C1s subunits in a tetrameric structure (C1s-Cle-Clr-Cls) (Gal et
al., 2002; Gal, Dobo, Zavodszky, & Sim, 2009; Kouser et al., 2015). Once Clr is activated by Clq,
Clr activates Cls that has the ability to cleave C4 and form C4a and C4b bound to C2, which leads
to the formation of the C3 convertase (C4b2a); the C3 convertase leads to the formation of the C5
convertase and the proteolysis of C5 into C5a and C5b(Merle et al., 2015). Through a series of steps
involving proteins such as C6, C7, C8 and C9, the membrane attack complex is assembled in a
membrane. During this proteolytic cascade anaphylatoxins (C3a, C5a) and opsonins (C3b) are also
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formed (M. K. Yadav et al., 2023).
9.1.2  Lectin pathway

The pattern recognition molecules of this pathway are mannose — binding lectins and ficolins H, L,
and M. Mannose — binding lectin (MBL) is an innate immune system protein that can recognize and
bind multiple types of pathogens (bacteria, fungi, viruses, parasites) to protect against infections
caused by these agents. The recognition capacity of this protein is primarily due to its oligomeric
structure, spacing and orientation of the globular recognition domains, through which it can bind to
specific carbohydrates such as mannose or N — acetylglucosamine found on the surface of the
aforementioned pathogens (Skjoedt et al., 2012).

This pathway is initiated by the ficolins due to their ability to recognize carbohydrates on the surface
of pathogens or transformed endogenous cells (Lei et al., 2015). Ficolins are associated with mannose
— binding lectin — associated serine proteases (MASPs), which have C — terminal domains capable
of recognizing N — acetylglucosamine present on bacterial surfaces; after the detection of these
structures, MASPs are activated and cleave C2 and C4, triggering the rest of the complement
signaling cascade (Matsushita, 2010).

9.1.3  Alternative pathway

This pathway is constitutively active at low levels, allowing the system to respond when needed. The
activation of this pathway occurs through the spontaneous hydrolysis of C3, forming a structure
known as C3(H»0O), which acts similarly to C3b to bind factor B. This union to factor B serves as a
substrate for the serine protease Factor D, and cleavage by this enzyme initiates the assembly the
convertase of this pathway, C3(H>O)Bb, which, similar to the classical pathway convertase, can
cleave C3 into C3b, thus initiating the rest of the complement cascade and the cyclical amplification
of the pathway (tick — over), increasing the intensity of the response if the necessary regulator (e. g.,
Factor H) are absent (de Boer et al., 2023; Merle et al., 2015).

9.2 CS and cancer

There is evidence that indicates the variable role of the CS with cancer, where the observed
association depends on the cancer type, the CS is associated with a better prognosis, but in other
cases promotes the development of the disease.

The evidence that describes components of the CS as cancer promoters shows high levels of C3a and
C5a in the tumor microenvironment that interact with C3aR and C5aR1 receptors in the tumor,
enhancing the cytoskeleton remodeling as well as the synthesis of matrix metalloproteases, which
increases the mobility and metastatic potential of the cancerous cells (Shu et al., 2020).

Another mechanism of cancer progression is mediated by the immunosuppressor role of the C5a —
C5aR1 interaction, which causes an increase in ROS and NOS, inhibiting the cytotoxic activity of
CDB8+ T cells, facilitating the immune evasion of the tumor (Vadrevu et al., 2014).

However, there is evidence that supports the antitumoral effects of the CS, being the most common
the mechanisms known as complement dependent cytotoxicity initiated by the use of therapeutic
antibodies that provide the interaction necessary for the activation of the CS by the classical pathway.
This CS activation also produces opsonins that enhance the phagocytosis processes (Felberg et al.,
2020; Markiewski et al., 2008; Pierpont, Limper, & Richards, 2018; Urban et al., 2022; Wang &
Weiner, 2008).

The CS also is a protector factor when it is found in high concentrations (especially C3), providing
a better prognosis in these patients; according to Felberg et. al., concentrations lower than 0.18 g/L
are sufficient to maintain a stable complement function, however at least 40% of patients with chronic
lymphocytic leukemia may have low levels of circulating complement proteins. All tumor cells can
produce complement proteins, therefore, their growth is directly stimulated, which is why there are
many associations that indicate that the presence of complement proteins produces a worse outcome
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for patients, this being a controversy, the idea that the complement behaves in an anti-tumor defense
manner is based on two reasons: the function of the immune system as a surveillance against
malignant cells and the cytotoxicity of the complement of monoclonal antibody therapies (Revel,
Daugan, Sautes-Fridman, Fridman, & Roumenina, 2020; Wang & Weiner, 2008).

There is also evidence suggesting that Clq acts intracellularly as a pro-apoptotic protein by
enhancing the signaling and the activation of tumor — suppressor genes that impairs the survival of
cancer cells (Mangogna et al., 2019). Evidence by Hong et. Al suggests a pro-apoptotic effect of Clq
on prostate and ovarian cancer in vitro (Hong et al., 2009; Mangogna et al., 2019).

Nevertheless, it has been described that Clq also exerts pro — tumoral behavior, it is expressed in
several malignant tumors and function as a tumor-promoting factor which causes migration and
proliferation of cancer cells as well as metastasis. This protein activates WWOX, a tumor suppressor
gene (50). A study done by Bulla et. Al investigated among different types of adenocarcinomas
including colon, pancreatic, lung, breast and melanoma, Cql signaling was found in all of them,
unlike other components such as C1, C3, C4 where they expressed in different cancers but not in all
(Mangogna et al., 2019; Revel et al., 2020).

9.3 CS and NHL

Besides the information provided in the previous section, there are also regulators of the CS that can
be found in the NHL tumors, such as CD59, CD55 and CD46 impairing the clearance of the cancer
cells by the CS. It has been found that the patients with lower concentrations of these regulators
(CD59) in the tumors have a better response to treatment and better prognosis in comparison with
those with elevated levels of the CS regulators, who often show treatment resistance (Couves et al.,
2023; Liszewski & Atkinson, 2015; Sarmoko, Ramadhanti, & Zulkepli, 2023; Shao et al., 2022)
Genetic variations of CD9, CD46 and CD55 are associated with better overall survival specifically
in Follicular Lymphoma; it has been observed that the overexpression of some regulators like CD46,
CD55, CD59 it is the leading cause of NHL cells evading complement (S. Luo et al., 2020), the
functional failure of complement in some cases of NHL may be due to the expression of complement
regulatory cells on the surface of cancer cells (Dzietczenia et al., 2010). The role of MBP (mannan
binding protein) and MASP2 (mannose-binding protein-associated serine protease 2) play an
important role in overall risk in NHL by inhibiting or enhancing the activation of lymphocytes (Hu
et al., 2013). On the other hand, high levels of C5 have been proposed as a protective component
against the development of NHL due to its role in DNA repair and apoptosis, being a potential target
for treatment (Shi, Baranova, & Cao, 2024).

— The progression of tumors develops due to the interaction of tumor cells and their surrounding
tumor microenvironment, which is characterized by a network of immune cells, fibroblasts, blood
vessels, extracellular matrix, and matrix-associated molecules, which together provide a niche for
the tumor that influences survival, tumor invasion, and metastasis. The complement system is
considered an important regulator of these tumor microenvironment processes; one of its most well-
known actions is the modulation of myeloid-derived suppressor cells (MDSC). In the presence of a
tumor, the components of the complement system activate signaling pathways within tumor cells that
lead to cell proliferation, inhibition of apoptosis, and activation of migration and invasion networks,
where fragments derived from C3 and C5a are considered the main modulators of these functions.
However, the impact that C5a has on the tumor microenvironment seems to depend on the type of
tumor and the characteristics of the tumor microenvironment. It was found that in mice bearing
lymphoma cells with low levels of C5a, they had a reduced tumor burden and showed a greater
antitumor T cell response, whereas those with high C5a-producing tumor cells showed the opposite,
which suggests a dose-dependent effect of C5a in tumor progression. This suggests that the variety
of molecular and cellular elements within the tumor microenvironment have an impact on the growth
and spread of cancer (Senent, Tavira, Pio, & Ajona, 2022).

The complement system component 1q (Clq) is a molecule of the classical pathway that, in high
expression, has been associated with poor prognosis in cancer patients. The exact mechanism of how
it contributes to diffuse large B-cell lymphoma is still not well clarified. Nevertheless, it has been
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identified that C1ql acts in the tumor microenvironment of this type of lymphoma, functioning as a
biomarker for tumor-associated macrophage subsets and as a tumor-promoting gene (G. Gao et al.,
2024).

94 NHL and treatment effects on the CS

As described previously, the pharmacological treatment for NHL consists in the usage of CHOP and
R — CHOP, unfortunately, as every drug, the ones used in this treatment also have adverse effects,
and many of them may reduce the hepatic function, which may alter the expression of components
of the complement system and affect the function of this system in the clearance of cancer cells
(Mohebbi et al., 2022; Thorgersen et al., 2019) (56-58).

The cellular immunophenotype of NHL varies depending on the type; however, more than 90% of
NHLs are CD20+, which is why the therapy is directed at this membrane antigen (Calderin Miranda,
de Castro Suarez, & Fernandez, 2022).

Monoclonal antibodies (mAbs) have been associated with an improvement in the survival of patients
with mature B-cell neoplasms, they target the immune system by attacking and suppressing cancer
cells, mAbs once bound to the cells activate the complement cascade for the deposition of C3
activation fragments and tumor cell lysis (Baskar et al., 2025).

These monoclonal antibodies can be classified into type I (rituximab, ocrelizumab, veltuzumab,
ofatumumab, and onartuzumab) and type II (obinutuzumab), both can recruit the complement
system, however type I have a semisaturation level that is 10 to 1000 times lower than type Il mAbs
(Y. Gao, 2023).

Rituximab is an anti-CD20 monoclonal antibody that has been added to the chemotherapy
management of NHL, as it has been shown to improve overall disease survival. This antibody targets
the CD20 antigen, which is present on malignant B cells, and contains a human IgG1 Fc portion that
has the ability to activate immune mechanisms through the activation of the complement system and
complement-dependent cytotoxicity. Rituximab is capable of activating the complement system via
the classical pathway, generating effector proteins that destroy tumor cells. The study observed that
rituximab activates the complement system by increasing activation markers such as C4d and MAC;
however, this activation does not correlate with better clinical outcomes in patients who received this
antibody, as it is indicated that not all patients benefit from its use (Felberg et al., 2020).

10. Conclusion

Non-Hodgkin lymphoma (NHL) is a heterogeneous group of lymphoid malignancies with varying
clinical presentations, prognoses, and treatment approaches. Complement system involvement in
NHL is complex, with both pro-tumor and anti-tumor effects depending on the specific component
and the context. Further research is needed to explore the potential of targeting the complement
system for improved NHL treatment to improve the overall survival and quality of life of these
patients, while minimizing the potential side effects.
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