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WHAT DOES IT DO?

1.1. Inflammation and receptors in monocytes and 
neutrophils

Inflammation is part of the immune response that is triggered by different physio-pathological processes. 
In immune-mediated inflammatory diseases (IMID), the inflammatory activity and its resolution are 
altered, generating an excess of cells and molecules that contribute to the progression and aggravation 
of these conditions.

A fundamental part of the inflammatory response is determined by our innate immunity, by all those 
cells and receptors with immune activity that are found in tissues and that conduct local immune 
surveillance. These cells secrete signals that enable the recruitment of new cell types to the site of 
injury. Among the cells recruited, there are monocytes and neutrophils, two cell types from the myeloid 
lineage with a high inflammatory capacity when their receptors are activated with certain signals.

Fc-gamma (FcgR) and complement component C3 (CR3) are, among others, two such receptors and 
recognize, respectively, immunoglobulins and complement fraction 3b (C3b), a cleaved fragment of C3 
in the presence of calcium. In response to their ligands, monocytes/macrophages and granulocytes 
secrete inflammatory mediators such as cytokines and increase oxidative stress, which promotes the 
formation of free radicals.

Adacolumn® mechanism of action on the immune system
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1.2. Cooperation in the immune system

One of the main characteristics of the immune system is its complex cooperative activity. In addition 
to cell recruitment, these cells and receptors with immune surveillance activity in the tissues also 
indicate the guidelines for continuing the immune response towards an adaptive, specific activity, 
which completes the inflammatory process and its resolution. This activity includes the activation and 
expansion of such important cells as T and B lymphocytes, as well as the deployment of one of the 
immune system’s most powerful and specific arsenals by the latter, antibodies.

Many IMID have an autoimmune component. In these cases, the products and residues generated in 
the inflamed areas constitute self antigens for the effector lymphocytes that are being recruited. This 
self-reactivity becomes harmful when it feeds back inflammation. On the other hand, the adaptive 
response also has the task of generating memory immunity, which allows for a faster secondary 
response in the case of antigenic re-exposure. The accumulation of memory T-cells in the tissue of IMID 
patients is common in advanced stages of inflammatory damage, and poses an additional problem by 
facilitating outbreaks and inflammatory activity in exposed tissues.

The adaptive response profile is therefore dependent on the innate inflammatory signal and can 
be polarised as a result towards maintaining a pro-inflammatory state, or on the contrary, acquire a 
tolerogenic phenotype and resolution of inflammation. In IMID, constant pro-inflammatory signalling 
from innate immunity also compromises the development of the tolerogenic response at the adaptive 
level, and over time sustains the progression of a pathogenic pro-inflammatory environment.

WHAT DOES IT DO?

Adacolumn® mechanism of action on the immune system
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Phases of inflammation

FASE 1: INITIAL DAMAGE

Intestinal 
Bacteria

Mucus

Epithelium

Loss of epithelium or impaired 
barrier function

Additional epithelial 
damage

Invasion by 
neutrophils

Macrophages

FASE 3: ACUTE INFLAMMATION

FASE 2: RESOLUTION MECHANISM

Secretion of lipoxins, resolvins, secretins 
and other resolution mediators

Secretion of tissue-degrading enzymes, oxidative 
stress and inflammatory mediators

Insufficient secretion of lipoxins, 
resolvins and other resolution 

mediators

Alteration of macrophage 
differentiation and 

phagocytosis

Neutrophil apoptosis and 
macrophage phagocytosis

FASE 3: CHRONIC INFLAMMATION

WHAT DOES IT DO?
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1.3. Reduction of activated monocytes  
and neutrophils

Granulocyte apheresis (GMA) therapy allows the fixation of circulating monocytes/macrophages and 
granulocytes to the beads which become coated with immunoglobulin G (IgG) and C3b through the 
specific receptors that these cells express on their surface. The fixation of these cell types that are 
capable of generating mediators that perpetuate inflammation prevents their recruitment in injured 
sites, to which they are normally directed by chemokines and other signals.

The result is a decrease in the contribution of these inflammatory cell types in the damaged tissue, 
and consequently, of the pro-inflammatory mediators that they secrete, primarily at a local level, but 
also systemic. This implies an overall modulation of the inflammatory response.

Additionally, the cooperative activity of the immune system facilitates that the intensity of the 
inflammatory signals of the environment are modulated due to the reduction in the cellular contribution 
to the tissue. Thus, the constant decompensation towards the usual pro-inflammatory profile in these 
diseases is limited and a partial recovery of homeostasis is favoured.

WHAT DOES IT DO?

Adacolumn® mechanism of action on the immune system
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Granulocyte/monocyte apheresis circuit
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Diagram of the binding mechanism of activated leukocytes  
in contact with Adacolumn® cellulose beads

Ganulocytes:
neutrophils/monocytes

Adacolumn® Cellulose Bead
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WHAT DOES IT DO?
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IS IT EFFECTIVE?

2.1. Modulation of cell recruitment and decrease  
in cytokine load

Recruitment of monocytes/macrophages and granulocytes increases in IMID. GMA has been 
described to reduce monocytes/macrophages and granulocytes by 55-65% in patients with active 
ulcerative colitis (UC) 1,2; with Crohn's disease (CD), including those resistant to conventional 
treatments 3-6, and with psoriasis 7.

Different clinical trials have more recently confirmed these results 8-10. Decreased concentration of 
circulating monocytes/macrophages and granulocytes has the direct result of increasing the ratio 
of lymphocytes to myeloid cells. Given the importance of neutrophils in IMID, such as rheumatoid 
arthritis, the use of this technology is also suitable for this pathology 11 and may be useful in others 
such as psoriatic arthritis.

Most studies show a reduction of systemic concentration of monocytes/macrophages and 
neutrophils with a weekly GMA regimen. However, some with intensified treatment protocols for 
patients with CD have shown earlier remission compared to non-intensified therapy, and no increase 
in the occurrence of adverse effects 12,13. However, the non-inferiority of weekly versus intensified 
treatment in patients with UC has also been discussed 14. Therefore, this aspect constitutes a point 
of scientific interest that requires further research.

Adacolumn® mechanism of action on the immune system
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Activated monocytes/macrophages and neutrophils are producers of pleiotropic cytokines, such as 
tumour necrosis factor alpha (TNF-α), interleukin 1 beta (IL-1β), interleukin 6 (IL-6), 12 (IL-12), and 23 
(IL-23). All these mediators are very important in the progression of the inflammatory response and 
expansion of an adaptive activity that is pathogenic in the case of patients with IMID, since they 
perpetuate the pro-inflammatory cascade and thus facilitate tissue damage.

Related to cellular modulation, different studies have documented a decrease in the systemic levels 
of different pro-inflammatory cytokines, primarily in active UC 2,15,16. Despite dispersed results and a 
lack of differences in the levels of multiple cytokines before and after treatment with GMA, different 
studies have also shown a decrease in pro-inflammatory cytokines in mucosa of UC patients treated 
with GMA 17,18. 

IS IT EFFECTIVE?
2.1. Modulation of cell recruitment and decrease in cytokine load

Adacolumn® mechanism of action on the immune system
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Inflammatory bowel process

IS IT EFFECTIVE?
2.1. Modulation of cell recruitment and decrease in cytokine load

Adacolumn® mechanism of action on the immune system
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In an inflammatory environment, the signals that outline the monocyte/macrophage phenotypes 
define their pro-inflammatory character. These signals are made up of some of the cytokines 
mentioned above, as well as chemokines and other signalling molecules.

A decrease in pro-inflammatory mediators leads to a change in signalling molecules, which 
acquire tolerogenic or tissue repair profiles. In this environment, the cytokines released into the 
environment become mostly anti-inflammatory, such as tumour growth factor beta (TGF-β) and 
interleukin-10 (IL-10) .

The change in the signalling profile and increased concentrations of anti-inflammatory mediators 
leads to the mobilization of immature CD10- neutrophils and expansion of T lymphocytes with 
tolerogenic activity, which help to balance the excess inflammation and which are reduced in patients 
with IMID. Treatment with GMA has shown an increase in the concentration of these regulatory 
T cells (identified by their CD4+ and CD25+ markers) and in the levels of the forkhead box protein 
P3 (FoxP3), the transcription factor that polarizes them 19.

IS IT EFFECTIVE?

2.2. Improved environmental signalling

Adacolumn® mechanism of action on the immune system
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Resolution of intestinal inflammation

IS IT EFFECTIVE?
2.2. Improved enviromental signalling

Adacolumn® mechanism of action on the immune system
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The innate response that dominates the initiation of inflammatory progression in IMID is rapidly 
amplified by adaptive immunity. This sequential and cyclical activity of the immune system allows 
for increased inflammation, and associated tissue injury as a result of sustained damage. This 
means that, from an immunological point of view, IMID is completely different in its initial stages 
than during the more advanced stages, in which effector and memory lymphocytes can be found 
in the tissues.

The latter cell types are capable of amplifying the inflammatory response and causing tissue/
mucosal damage quickly, regardless of the circulatory supply of myeloid cells. Therefore, this 
suggests that the efficacy of the treatment would be greater in new patients and in environments of 
mild or moderate inflammation 20,21.

On the other hand, a decrease in the levels of L-selectin 22 has been associated with treatment with 
GMA. This adhesion molecule is involved, along with integrins expressed in the vascular endothelium, 
in the anchoring of leukocytes recruited for extravasation into the damaged tissue. The expression of 
L-selectin ligands is higher in intestinal colonic sections, for example, suggesting that GMA activity 
may be higher in colonic involvement of patients with chronic inflammatory bowel disease (CIBD).

IS IT EFFECTIVE?

2.3. Relationship between efficacy, progression and 
location of the disease

Adacolumn® mechanism of action on the immune system
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IS IT SAFE?

3.1. Immunosuppression

The selective reduction of the monocyte/macrophage and granulocyte populations in the peripheral 
blood of patients with IMID involves a modulation of the immune system that enables, on the one 
hand, functional maintenance of the immune cell population within the tissues, and on the other 
hand, the activity of the lymphoid cell population, which is responsible for adaptive immunity.

The innate cell population with immune capacity residing in tissues retains its immune surveillance 
capacity and is able to respond rapidly through the multiple receptors of natural immunity existing 
in them, which remain intact during the use of GMA.

T and B lymphocytes and the products with immunological activity derived from them, including 
antibodies, which participate in all immune system functions (from defence against infection to 
the generation of immunological memory), are not a target, therefore, the use of GMA does not 
increase the risk of suffering infections by keeping the immune response intact. 

Adacolumn® mechanism of action on the immune system
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3.2. Immunogenicity

One of the most common problems in biological treatments has historically been the loss of 
secondary response as a result of the appearance of biological anti-drug antibodies. This situation 
directly affects the efficacy of treatments and delays the restoration of vital immune homeostasis 
for IMID patients.

The immunomodulatory strategy of GMA does not require the infusion of molecules that can generate 
immunogenicity in patients. Preventing the formation of immunocomplexes is also relevant from an 
immunological standpoint, since they can be deposited in the blood vessels and cause vasculitis. 
The deposited immunocomplexes induce inflammation by attracting and activating leukocytes. 
For example, immunoglobulins 1 (IgG1) and 3 (IgG3) can bind to the macrophage and granulocyte 
Fc receptors (FcR) and activate the complement system by the classical pathway, causing an 
inflammatory response that includes the release of free radicals and other tissue-damaging products.

Unlike biological treatments, GMA does not induce immunogenic reactions.

Adacolumn® mechanism of action on the immune system

IS IT SAFE?
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DOES IT DO IT SAFELY?
3.2. Inmunogenicity

Granulocytopaheresis:
An overview of its immunomodulatory effects

Blood 
vessel

Infiltration  
by inflammatory 

cells

Macrophages

Lymphocytes

Monocytes Granulocytes

Tissue 
inflammation

Soluble TNF receptors, IL-1Rα, HGF... ↑
Leukocyte Surface L-selectin ↓

Adherence to vascular endothelium ↓
Chemotaxis ↓

Inflammatory cytokines ↓
Anti-inflammatory cytokines ↑

CD10 leukocytes ↑
Proinflammatory leukocytes ↓

Regulatory T cells ↑
Effector T cells ↓

  Suppressor myeloid cells↑

Altered leukocyte function

Selective adsortion 
of myeloid lineage 

leukocyte
Bone 

marrow
Apheresis: blood inflow Apheresis: blood outflow

Cytapheresis inside  
the column

In vivo response
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3.3. Combined use with other strategies

The above safety features raise the possibility of using GMA in combination with other therapeutic 
strategies. Although there are some studies in patients with loss of response to infliximab 23,24, the 
results are preliminary and the potential of this possibility has yet to be explored in general. In 
particular, combined use with anti-integrins that prevent the extravasation of circulating leukocytes 
into the damaged tissue may be beneficial.

IS IT SAFE?

Adacolumn® mechanism of action on the immune system
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FUTURE OUTLOOK

The anti-inflammatory effect induced by GMA may be favoured by the reintroduction of apoptotic 
cells induced by the generation of reactive oxygen species after contact with the spine and with 
potential capacity to produce tolerogenic mediators, such as IL-10 25. However, the studies carried 
out so far to this effect, in experimental models, are still preliminary and must be confirmed in future 
research. On the other hand, increases in anti-inflammatory mediators, such as interleukin-1 receptor 
antagonist (IL-1Ra) or hepatocyte growth factor (HGF), have been depicted in vitro in whole blood 
from healthy volunteers cultured with GMA carriers 26. Likewise, these experiments have shown 
changes in the concentration of soluble receptors of TNF-α 27. Although a number of patients with 
active UC in immunosuppressive treatment show similar results 28,29, it is essential to elaborate on 
the concentration changes of these and other anti-inflammatory mediators in new patient cohorts. 
These studies would allow for an evaluation of the additional anti-inflammatory potential of GMA in 
the systemic environment.

Adacolumn® mechanism of action on the immune system
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EXPERT COMMENTARY

From a pathogenic point of view, neutrophils seem to play a key role in direct tissue damage and in 
perpetuating the inflammatory response in ulcerative colitis (UC). As in other chronic inflammatory 
conditions, a deregulation of neutrophil apoptosis has been observed in UC1. Mucosal infiltration 
by neutrophils is a key event in UC, as demonstrated by the fact that it is a crucial and constant 
component for its classification of severity and histological activity in various histological indices 2. 
Additionally, the presence of neutrophils in colon biopsies from the mucosa of patients with UC has 
been associated with an increased risk of clinical recurrence and even dysplasia, which leads some 
authors to propose histological remission as the final therapeutic objective in UC 3. Consequently, 
modulation of mucosal neutrophil activity and number has been postulated as an attractive therapeutic 
approach in UC, although no drug targeting these cells is yet available, mainly because of fears of 
increased risk of bacterial infection 4. 

Currently, granulocytapheresis (GMA) is the only approved treatment for UC, whose main target is 

Dr. Eugeni Domènech
Gastroenterology & Hepatology Department
Germans Trias i Pujol University Hospital, Badalona, Barcelona, Spain
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the neutrophil. Beyond the results in efficacy of the multiple published studies, the validity of the 
GMA mechanism of action was demonstrated in the study by Maiden et al. 5, in which patients with 
UC in clinical remission, but with levels of faecal calprotectin (protein produced almost exclusively 
by neutrophils) higher than 250 g/kg, were randomised to be treated or not with 5 sessions of GMA 
without another therapeutic intervention. After a 6-month monitoring period, the group treated 
with GMA showed a significantly higher clinical relapse-free survival. Faecal calprotectin has been 
shown to be the most useful biological marker in the clinical management of UC. It is produced almost 
exclusively by neutrophils, which make up 80% of the cytosolic proteins in these cells. Its presence is 
thus synonymous with neutrophils in the environment where it is determined. In faeces, calprotectin 
has been shown to be the best prognostic marker of relapse in patients with UC; additionally, its 
healthy state reveals an excellent correlation with both endoscopic and histological remission, and 
its use is recommended in the follow-up of patients with UC 6.

Dr. Eugeni Domènech
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Leukocyte apheresis or granulocyte apheresis (GMA) with Adacolumn is a non-pharmacological 
treatment option for ulcerative colitis that eliminates certain cell populations. As its name suggests, 
its mechanism of action is based on adsorption (A), distribution (D) and apheresis (A). This filtration 
column contains approximately 35,000 spheres of cellulose acetate with a diameter of 2 mm, 
which enable the elimination of 65% of granulocytes, 55% of circulating monocytes/macrophages 
and, to a lesser extent, lymphocytes (2%) 1. In addition, it has also been associated with changes in 
both circulating and intestinal mucosal cytokines, immunoglobulins and complement components.

Unlike most pharmacological therapies used in UC, granulocyte apheresis (GMA) allows for a more 
comprehensive and varying level of treatment of the immunological alterations present in these 
patients. Its activity involves some key cytokines in the inflammatory process, such as tumour necrosis 
factor-alpha (TNF-α), interleukin-1 (IL-1), 6 (IL-6), 12 (IL-12) or 23 (IL-23), which are only selectively 
blocked by other drugs, such as biologicals. On the other hand, there are also important differences 
compared to thiopurine derivatives, as they exercise their effect by blocking the proliferation of 
T-lymphocytes. This means that the activity on the cellular component of GMA, and especially on 
neutrophils, is an added value and unique within the current treatment options for inflammatory 
bowel disease. Its different effects allow this technique to reduce the inflammatory load, both at a 
systemic level and in the intestinal mucosa, creating a less pro-inflammatory environment. This makes 
it necessary to consider the use of immunosuppressants or biologicals, as well as concurrently, since 
there are no significant overlaps or relevant direct interaction between them.

EXPERT COMMENTARY

Dr. Iago Rodríguez-Lago
Gastroenterology Department: Inflammatory Bowel Disease Unit
Hospital Galdakao-Usansolo, Galdakao, Biscay, Spain
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According to its data sheet, GMA is indicated for use in patients with certain immune-mediated diseases, 
such as ulcerative colitis and Crohn's disease, as well as for the treatment of ocular Behçet's disease, 
systemic lupus erythematosus and pustular psoriasis. 

The recommended guideline for use is one 60-minute session per week for 5 consecutive weeks. 
However, prospective studies and clinical practice experience suggest that increasing the number 
and frequency of sessions may increase their effectiveness, even in patients resistant to other 
therapies. In this pattern, termed intensive, the treatment is carried out at a rate of 2 sessions per 
week. Additionally, it is possible to increase the volume filtered in each session, from a fixed 1,800 
ml in all patients (standard guideline), and to adjust it according to the weight, having observed 
that the effectiveness can improve by filtering 60 ml/kg of weight and session. Similarly, this same 
trend has been found by extending the duration of the sessions to 90 minutes – and thus the filtered 
volume. These findings are explained by the observation that the apheresis column maintains its 
adsorption capacity after the first 60 minutes which is the usual pattern.

The results of two recent clinical trials have shown that GMA can be used in patients with ulcerative 
colitis who have previously received other treatments such as thiopurine or biological drugs 2,3. 
Generally speaking, in view of the development of corticodependence, the recommended strategy 
in ulcerative colitis is treatment with thiopurine drugs 4. In any case, the association of leukocyte 
apheresis with corticoids has been shown to increase the time to clinical relapse 2, and may constitute 
a treatment option in some of these patients. Both options should also not be considered mutually 
exclusive, since apheresis can also be used concurrently with thiopurines and may be considered, 
for example, as a bridge therapy until the onset of action of the latter 5.

Dr. Iago Rodríguez-Lago

EXPERT COMMENTARY

Adacolumn® mechanism of action on the immune system



24

6
6

It is also important to note that experience with this technique has shown that its efficacy does not 
seem to be as influenced by concomitant treatments as with other pharmacological therapies 6. This 
may be because no adsorption of some of the most common active ingredients used in ulcerative 
colitis has been observed, despite their mechanism of action. This aspect, along with the fact that 
medical treatment options are still limited, has raised interest in possible combinations with other 
treatments, such as biological drugs 7. The association with both anti-tumour necrosis factor (anti-
TNF) and vedolizumab has shown promising results, demonstrating clinical improvement, along with 
reduction in faecal calprotectin in a group of difficult-to-treat patients 8-11.

Given the special characteristics of the technique, it is also important to understand the perspective 
of the patients who have be treated with it. Although its non-pharmacological mechanism of action 
involves a change in the usual concept of treatment, it is an accepted and well-tolerated technique 
by most patients, even in guidelines with a greater number of sessions 12,13. The fact that its safety 
profile is taken into account also makes it a technique that should be considered in certain situations.

Currently, its main application is in corticodependent ulcerative colitis, with increasing experience 
following an insufficient response or a loss of response to certain immunosuppressants or biologics. 
One should also bear in mind that its efficacy can be increased with earlier use within the evolution of 
the disease and by adopting more intensive treatment guidelines. In addition to this, it remains to be 
seen whether maintenance therapy can play a role in this pathology. Finally, within all these aspects, 
leukocyte apheresis also stands due to the possibility of adjusting to different situations according to 
the indication in which it is applied, the course of the disease and its severity, as well as the individual 
situation and characteristics of each patient. 

Dr. Iago Rodríguez-Lago
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