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Abstract
Ulcerative colitis and Crohn’s disease are the major phe-
notypes of the idiopathic inflammatory bowel disease 
(IBD), which afflicts millions of individuals throughout 
the world with debilitating symptoms, impairing function 
and quality of life. Current medications are aimed at 
reducing the symptoms or suppressing exacerbations. 
However, patients require life-long medications, and this 
can lead to drug dependency, loss of response together 
with adverse side effects. Indeed, drug side effects 
become additional morbidity factor in many patients 
on long-term medications. Nonetheless, the efficacy of 
anti-tumour necrosis factors (TNF)-α biologics has vali-
dated the role of inflammatory cytokines notably TNF-α 
in the exacerbation of IBD. However, inflammatory cy-
tokines are released by patients’ own cellular elements 

including myeloid lineage leucocytes, which in patients 
with IBD are elevated with activation behaviour and 
prolonged survival. Accordingly, these leucocytes ap-
pear logical targets of therapy and can be depleted by 
adsorptive granulocyte/monocyte apheresis (GMA) with 
an Adacolumn. Based on this background, recently GMA 
has been applied to treat patients with IBD in Japan and 
in the European Union countries. Efficacy rates have 
been impressive as well as disappointing. In fact the 
clinical response to GMA seems to define the patients’ 
disease course, response to medications, duration of ac-
tive disease, and severity at entry. The best responders 
have been first episode cases (up to 100%) followed 
by steroid naïve and patients with a short duration of 
active disease prior to GMA. Patients with deep ulcers 
together with extensive loss of the mucosal tissue and 
cases with a long duration of IBD refractory to exist-
ing medications are not likely to benefit from GMA. It is 
clinically interesting that patients who respond to GMA 
have a good long-term disease course by avoiding drugs 
including corticosteroids in the early stage of their IBD. 
Additionally, GMA is very much favoured by patients for 
its good safety profile. GMA in 21st century reminds us 
of phlebotomy as a major medical practice at the time 
of Hippocrates. However, in patients with IBD, there is 
a scope for removing from the body the sources of pro-
inflammatory cytokines and achieve disease remission. 
The bottom line is that by introducing GMA at an early 
stage following the onset of IBD or before patients de-
velop extensive mucosal damage and become refractory 
to medications, many patients should respond to GMA 
and avoid pharmacologics. This should fulfill the desire 
to treat without drugs.
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Core tip: The efficacy of anti-tumour necrosis factor-α 
biologics has validated the role of inflammatory cyto-
kines in the exacerbation of inflammatory bowel disease 
(IBD). However, inflammatory cytokines are released 
by patients’ own cellular elements including myeloid lin-
eage leucocytes, which in patients with IBD are elevated 
with activation behaviour. Accordingly, these leucocytes 
appear logical targets of therapy and can be depleted 
by adsorptive granulocyte/monocyte apheresis (GMA). 
Therefore, in patients with IBD, there is a scope for re-
moving from the body the sources of pro-inflammatory 
cytokines, and this should fulfill the desire to treat with-
out drugs. Therefore, by introducing GMA at an early 
stage following the onset of IBD or before patients de-
velop extensive mucosal damage, many patients should 
respond to GMA and avoid pharmacologics.

Saniabadi AR, Tanaka T, Ohmori T, Sawada K, Yamamoto 
T, Hanai H. Treating inflammatory bowel disease by adsorp-
tive leucocytapheresis: A desire to treat without drugs. World J 
Gastroenterol 2014; 20(29): 9699-9715  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v20/i29/9699.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v20.i29.9699

INFLAMMATORY BOWEL DISEASE
The idiopathic inflammatory bowel disease (IBD), which 
includes ulcerative colitis (UC) and Crohn’s diseases (CD) 
is an immune disorder characterized by inflammation 
of  the gastrointestinal tract in genetically susceptible in-
dividuals when exposed to environmental risk factors[1]. 
Therefore, IBD has long been thought to have a genetic 
basis and involves response of  the immune mechanisms 
to certain environmental agent(s). The development of  
IBD among monozygotic twins and an increased in-
cidence in countries undergoing rapid Westernization 
highlight the relevance of  genetic predisposition together 
with environmental factors in disease pathogenesis and 
incidence[2]. What all these mean is that in patients with 
IBD, the intestinal immune profile becomes dysregulated 
showing exaggerated response to triggers that would 
have been insignificant in an individual without genetic 
susceptibility factor.

However, it is clinically relevant to bear in mind that 
whereas UC is confined to the colon and the rectum 
(large intestine), CD may affect any part of  the gut from 
the mouth to the perianal region. Most commonly CD 
affects the distal ileum and the colon; up to 65% of  CD 
patients present with small intestinal involvement. Both 
UC and CD are debilitating chronic health disorders that 
afflict millions of  individuals throughout the world with 
symptoms, which impair function and quality of  life. 

Further, the human intestine is host to thousands of  
bacterial species, collectively referred to as the intestinal 
microbiota or microflora[3]. While it is understood that 
the presence of  this microbiota is essential for human 

health, this relationship may become unbalanced, and 
translate into development of  UC or CD[3,4]. Accordingly, 
both clinical and experimental observations indicate that 
IBD flare-ups are triggered by a combined loss of  the so-
called intestinal barrier function and a dysregulated im-
mune response to the intestinal microbiota[3,5].

A multitude of  clinical manifestations represent the 
expression of  IBD. These include diarrhoea, rectal bleed-
ing, abdominal discomfort, fever, anaemia, and weight 
loss. Both UC and CD tend to run a remitting-relapsing 
course affected by diverse factors mentioned above. The 
severity of  UC is often presented by a clinical activity 
index (CAI), which is described by several authors[6-9]. 
Another, but complementary parameter is endoscopic 
activity index (EI), which is a true reflection of  mucosal 
damage or otherwise mucosal remission[10] calculated ac-
cording to Rachmilewitz[6] or the Mayo scoring method[7]. 
Further, disease activity in CD, which is the other pheno-
type of  IBD is assessed by the well known CD activity 
index (CDAI)[11]. A CDAI of  < 150 reflects remission. 
The authors of  this review (Tanaka T, Ohmori T, Sawada 
K, Yamamoto T, Hanai H) are gastroenterologists and 
routinely evaluate patients by both CAI and endoscopy/
colonoscopy with greater reliance on endoscopic evalua-
tion[10]. Therefore, in this article, our endeavours were sup-
ported by the diagnostic power of  colonoscopy to identify 
patients with an active flare of  IBD who were identified 
as the most likely responders to selective, but therapeutic 
removal of  circulating myeloid linage leucocytes (granu-
locytes and monocytes/macrophages) by extracorporeal 
adsorption as a non-pharmacologic treatment interven-
tion. This strategy is known as GMA, which stands for 
adsorptive granulocyte and monocyte apheresis, described 
later. In Figure 1 colonoscopic photographs from the 
colonic mucosa of  a healthy human subject and from pa-
tients with UC are presented. The mucosa is the surface 
through, which nutrients and water from the food in the 
intestine are absorbed into the blood stream. Accordingly, 
healthy mucosa has a well developed vascular network for 
adequate absorption of  water and nutrients. However, 
in patients with IBD, the vascular patterns may become 
invisible or lost due to inflammation or ulcers, seen in Fig-
ure 1. As the mucosal layer is involved in the absorption 
of  nutrients and water from the gut, during severely active 
IBD, absorption of  nutrients and water is seriously im-
paired. Extensive and deep ulcers together with near total 
loss of  the mucosal tissue are not uncommon in patients 
with severe IBD even in the presence of  conventional 
medications. This condition is debilitating, the patients 
may suffer from weight loss. For example unabsorbed 
food and water will pass as watery diarrhoea, or bloody 
diarrhoea (due to bleeding ulcers). Patients with deep 
ulcers and extensive loss of  the mucosal tissue are not 
likely to respond to any drug based medication or even 
to therapeutic depletion of  myeloid leucocytes by GMA, 
they have fulminant UC (disease persists in the presence 
of  optimal medication) and often must opt for resection 
of  the affected gut segment. Needless to say that only an 
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initial diagnostic colonoscopy can identify such patients 
as non-responders to drug based interventions so that the 
patient can opt for surgical intervention at an early stage. 
This should significantly shorten morbidity time and help 
to avoid futile use of  medical resources. 

THERAPEUTIC OPTIONS FOR PATIENTS 
WITH IBD
However, currently available medications aid in the 
induction and maintenance of  remission by targeting 
various points along the disordered immune pathway 
implicated in IBD flare ups[12-17]. Despite these seem-
ingly advances, knowledge on the precise cause of  IBD 
is inadequate at present. Accordingly, up to now drug 
therapy has been empirical rather than based on a sound 
understanding of  disease aetiology. While drug therapy 
initially appears effective in the majority of  patients, 
it comes at the cost of  serious side effects[18-20], which 
add to the disease complexity. First-line medications 
for exacerbation of  IBD include 5-aminosalicylic acid 
or sulphasalazine in combination with a corticosteroid 
together with azathioprine (or 6-mercaptopurine) and 
nutritional support for some patients[6,16,17]. Treatment 
failure in patients with severe disease has often been 
an indication for surgical intervention in many steroid 
refractory patients[14,21] although in recent years, cyclo-
sporin A (CsA) has been introduced for corticosteroid 
refractory UC[8,9,15]. Despite being moderately effective in 
this clinical setting in reducing surgery rate, there remain 
serious concerns over long-term efficacy and toxicity of  
CsA[20]. The development of  new anti-tumour necrosis 
factor (TNF)-α antibodies like infliximab and adalim-
umab represent progress, but there is concern about 
safety and long term efficacy of  biologics. However, this 
is not to say that drugs have no place in the treatment of  
IBD. In fact, no one can deny the role of  medicines in 
the elimination of  most diseases that our ancestors were 
left defenseless against. Instead, in this review, our en-
deavour has been to present clinical evidence and thera-

peutic outcomes supporting the idea that many patients 
with IBD can be treated without drugs, but by targeted 
apheresis.

CYTOKINES AND INFLAMMATORY 
BOWEL DISEASE
As stated above, the precise cause of  IBD is not fully un-
derstood at present, and currently available medications 
do not eradicate the fundamental cause. Therefore, it 
should be logical to identify known exacerbating factors 
as therapeutic targets. In line with this thinking, patients 
with active IBD show elevated cytokine expression, aber-
rant antigen-antibody complexes, T-cell anomalies, and 
an increased numbers of  granulocytes and monocytes/
macrophages (myeloid lineage leucocytes)[22,23], which 
show activation behaviour[24,25], and prolonged survival[26]. 
The interaction between neutrophils and macrophages 
is thought to induce a state of  chronic inflammation, 
which contributes to the perpetuation of  IBD. Addition-
ally, the chronic nature of  IBD means that afflicted indi-
viduals need life-long drug therapy and this can lead to 
refractoriness[18] and drug-related adverse side effects[19]. 
However, it is now widely known that IBD is exacerbated 
and perpetuated by the so-called inflammatory cytokines 
including TNF-α, interleukin (IL)-1β, IL-23 and oth-
ers[27-29]. Accordingly, patients with active IBD respond 
to anti-cytokine antibodies, notably, to anti-TNF-α bio-
logics[30,31] albeit having known serious side effects[32-34]. 
Nonetheless, the clinical response to anti-TNF biologics 
has validated the role of  this cytokine as an exacerbating 
factor in dysregulated immune profile. Further cytokines 
like TNF-α, IL-1β and others are produced by patients’ 
own cellular elements, notably by the myeloid lineage 
leucocytes[24,25,35,36]. Hence, elevated circulating myeloid 
lineage leucocytes appear logical targets of  therapy by 
selective leucocytapheresis we introduced as GMA above. 
In this article, we have reviewed the latest developments 
in therapeutic leucocytapheresis to treat IBD with the 
Adacolumn GMA. 
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Figure 1  Colonoscopy images. A: Colonoscopy showing normal mucosa with visible vascular patterns in a healthy, non-inflammatory bowel disease (IBD) indi-
vidual; B: During strong inflammation in a patient with IBD, visible vascular patterns are lost; C: Inflammation can lead to ulcerated mucosa and contact bleeding. Both 
mucosal inflammation and ulcers lead to inadequate absorption of water and nutrients from the gut. The affected patients may lose weight and become anaemic due 
to bloody diarrhoea, which if untreated can be very debilitating.
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other parts of  the world. The perception then was that 
disease reflected presence of  disease-causing substances 
in the blood and bloodletting was to expel the pathologic 
agents. Bloodletting was routinely and extensively prac-
ticed for diseases like inflammation, fever, hypertension, 
and other undiagnosed diseases, its most high profile pa-
tient was the first US president, George Washington (re-
viewed in ref[45]). Bloodletting as a major medical practice 
was subsequently popularized by Claudius Galen (129-203 
AC), a Greek physician who practiced in Rome and be-
came a well respected authority in medicine for over 1500 
years. In the late 19th century, bloodletting under a more 
modern name, phlebotomy was popularly used to treat 
conditions like haemochromatosis, polycythaemia vera 
and others. It may just be the folly of  the past, but it is 
difficult to imagine that this procedure would have been 
so widely practiced for such a long time if  it had not been 
associated with efficacy. 

Even in this era of  modern medicine and if  we con-
sider IBD, and innovations in biologic therapy, it is clini-
cally relevant to bear in mind that drug therapy by its very 
nature, involves adding a foreign substance or substances 
to the body system and although initially may be effec-
tive, but potentially can lead to the disease becoming 
drug dependent or drug refractory (body’ reaction to a 
foreign substance). Hence, a therapeutic strategy based 
on a non-drug intervention, a correction or support of  
body’s natural processes like GMA[41-53], if  effective has 
an unrivalled advantage over drug based medication.

TARGET LEUCOCYTES FOR 
THERAPEUTIC GMA
For an extracorporeal intervention like GMA to be a nov-
el non-drug therapeutic option, it should selectively de-
plete leucocytes, which in patients with IBD are thought 
to contribute to the disease pathogenesis. For example, 
patients with active IBD are found to have compromised 
lymphocytes[42,47,54] in the presence of  elevated and ac-
tivated granulocytes and monocytes/macrophages[46,48] 
seen in Figure 2. Additionally, certain sub-populations of  
lymphocytes like the CD4(+)CD25(+) phenotype, known 
as the regulatory T-cells (Treg) have essential immunoreg-
ulatory function and therefore, are indispensable to the 
host[55-61]. Based on these understandings, the Adacolumn 
for GMA is designed to spare lymphocytes, seen in Fig-
ure 3, and boost Treg phenotype[48,61]. The column is filled 
with specially designed cellulose acetate beads of  2mm 
in diameter as leucocytapheresis carriers[22]. As shown in 
Figure 3, the carriers remove from blood in the Adacol-
umn most of  the granulocytes, monocytes/macrophages 
together with a significant fraction of  platelets[23,48]. Sur-
prisingly, the procedure has been associated with a sus-
tained increase in absolute lymphocyte counts following 
a course of  GMA[22]. The increase in lymphocyte counts 
includes the Treg phenotype, CD4(+)CD25(+)[61]. The 
mechanisms for sparing lymphocytes are briefly described 
here and illustrated in Figure 4. Patients with IBD may 

EVOLUTION OF APHERESIS AS A 
THERAPEUTIC PRACTICE
The word “apheresis” means to take away or to remove, 
clean from disease causing elements. In the modern time, 
apheresis means an extracorporeal medical technique for 
selective removal of  components of  the blood to achieve 
a therapeutic effect. Thus apheresis is an extracorporeal 
therapy. In classical sense, the most basic practice in 
apheresis involves passing of  a patient’s blood through 
a medical device where removal of  components takes 
place; it is a kind of  bloodletting. In the early 20th century, 
dialysis[37], and centrifugation[38] were introduced for selec-
tive depletion of  soluble elements[37] or blood cells[38] to 
achieve therapeutic effects. Even in today’s biologic based 
therapy targeting a pathologic cytokine, chemokine or 
an adhesion molecule, apheresis is considered as a non-
drug strategy to manage diseases for which there is no 
effective drug based medication like removing toxic sub-
stances from the plasma, which threaten well-being[39,40]. 
Strategies that selectively remove plasma components or 
blood cells as therapeutic interventions have generally 
been safe, and not associated with any major side effect 
in a significant number of  patients[39-41]. Recently, aphere-
sis has been considered as an effective alternative to drug 
therapy or as an adjunct to conventional medications to 
enhance drug efficacy with potential to reduce standard 
medication dosage like the GMA trials in patients with 
IBD where corticosteroids were avoided or were tapered 
to a minimum[41-44]. 

However, today’s selective removal of  constituents 
of  circulating blood to achieve a therapeutic effect by 
apheresis is reminiscent of  the rather crude technique of  
bloodletting (phlebotomy) and its therapeutic applica-
tion at the time of  Hippocrates (460-377 BC) in Ancient 
Greece. Bloodletting was widely practiced as a major 
therapeutic intervention in the Ancient civilization of  
Egypt from where it expanded to Ancient Greece and 

Figure 2  Blood neutrophil (granulocyte) counts in healthy controls and 
patients with inflammatory bowel disease. This figure shows a very marked 
elevation of neutrophils during active inflammatory bowel disease (IBD). Ad-
ditionally, in patients with IBD, neutrophils show activation behaviour and 
increased survival time in the circulation[26,36] as well as within the mucosal tis-
sue[25]. bP < 0.01 vs control group. UC: Ulcerative colitis; CD: Crohn’s disease.

10.0

5.0

2.5

0.0
Control

Bl
oo

d 
ne

ut
ro

ph
il 

co
un

t 
(×

 1
03 / m

L)

b

b

b

Active CD Active UC Severe UC

Saniabadi AR et al . Treating IBD without drugs



9703 August 7, 2014|Volume 20|Issue 29|WJG|www.wjgnet.com

have immune complexes (IC) in their plasma[23,62,63]. Cel-
lulose acetate adsorbs immunoglobulin G (IgG) and IC 
from the plasma[23,62,63]. Upon adsorption, the binding sites 
on IgG and IC become available for the fragment crystal-
lizable gamma (Fcγ) receptors (FcγRs) on myeloid lineage 
leucocytes[23,62,63]. Further, cellulose acetate with adsorbed 
IgG and IC generates complement activation fragments 
including C3a and C5a[23,63]. The opsonins C3b/C3bi and 
others derived from the complement activation fragments 
also adsorb onto the carriers and serve as the binding 
sites for the leucocyte complement receptors, CR1, CR2, 
CR3 (Mac-1, CD11b/CD18). Hence, leucocyte adsorp-
tion to the GMA carriers in the Adacolumn is governed 
by the opsonins, FcγRs and the leucocytes complement 
receptors[23]. The expressions of  these sets of  recep-
tors are common features of  myeloid lineage leucocytes. 
Lymphocytes are not known to express complement re-
ceptors except on small subsets of  B, T and natural killer 
(NK) cells. Similarly, FcγRs are not widely expressed on 
lymphocytes except on small populations of  CD19+B 
cells and CD56+NK cells[62]. These basic phenomena pro-
ceed well on the carriers and lend GMA selectivity (Figure 
4). Further, to our knowledge, there is no published data 
showing elevated peripheral lymphocytes in patients with 
active IBD and in one of  the best controlled studies on 
lymphocytapheresis in IBD, Lerebours et al[64] selectively 
depleted circulating lymphocytes in patients with CD. At 
the end of  an 18-mo follow-up, the clinical outcome in 
the lymphocytapheresis group was 21% inferior to that 
of  the control group. This well planed controlled clinical 
trial[64] rules out therapeutic benefit from removing lym-
phocytes in patients with IBD.  

CLINICAL EFFICACY RATES FOR GMA IN 
UC PATIENTS
Hitherto, a large number of  articles mostly from Ja-

pan[65-77], and Europe[78-91], but also from the United 
States[92-96] have described the efficacy of  GMA in patients 
with IBD. The clinical application of  GMA with the Ada-
column began following a pioneering multicentre clinical 
trial by Shimoyama et al[41] described below under steroid 
sparing effects of  GMA. Since then, GMA has been 
widely applied in Japan and in the European Union (EU) 
countries to treat patients with IBD. Efficacy rates have 
been both striking[42-44] as well as disappointing[92,93], reflect-
ing patients’ diverse demographic features prior to GMA. 
Further, the authors of  this review regularly apply GMA 
to treat patients with IBD for longer than a decade. Based 
on our experience, the best responders are first episode 
cases who are often drug naïve and have a short duration 
of  IBD[52], followed by steroid naïve patients[42,50,53,75]. Effi-
cacy rate in first episode cases has been as high as 100%[52] 
and in steroid naïve cases over an 85%[42,50]. Likewise, re-
cently, Yokoyama et al[74] reported that the most appropri-
ate time to apply GMA therapy in patients with UC was 
immediately after a clinical relapse. The authors found 
that the best responders were those with a short duration 
of  active disease[74]. However, patients with deep mucosal 
lesions and extensive loss of  the mucosal tissue at the le-
sion sites[52,53,82,93] together with those who have a long du-
ration of  active UC and exposure to multiple conventional 
drugs including corticosteroids when the UC has become 
refractory to medications are not likely to benefit from 
GMA[49,52,92,93]. These are clinically relevant findings be-
cause patients who responded to GMA have a better long-
term clinical outcome by avoiding corticosteroids during 
their first active UC phase[70], while knowing GMA non-
responders should help to save medical cost by avoiding 
futile application of  GMA. Figure 5 shows clinical remis-
sion rates in typical cohorts of  patients with active UC. As 
shown, the remission rate for patients with the first UC 
episode has been 100%[52]. All these first episode cases 
were steroid naïve with a short (< 4 mo) duration of  UC. 
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GMA non-responder patients had deep ulcers with near 
total loss of  the mucosal tissue at the lesion sites, a long 
duration of  UC, and exposure to multiple drugs[49,52]; a few 
were candidates for colectomy[49,52]. Further, sustainabil-

ity of  GMA induced remission has been good[50,53,69,75,87]. 
Patients who relapse respond well to another course of  
GMA therapy[87]. Regarding remission rates, Tanaka et al[49] 
reported an efficacy of  73.8% based on CAI in a cohort 
of  61 steroid naive patients. Similar efficacy rate has been 
reported by Hanai et al[50].

GMA SPARES CORTICOSTEROID
In the first pivotal study by Shimoyama et al[41] mentioned 
above, the steroid sparing effect of  GMA was unequivo-
cally demonstrated. In a multicentre setting[22,41], 105 
patients with active UC while on prednisolone (PSL) 
were randomly assigned to GMA (n = 53) or to PSL (n 
= 52). As seen on Figure 6, at entry, in the PSL group, 
the steroid dose was increased to induce remission, while 
patients in the GMA group received GMA, at one ses-
sion per week over five consecutive weeks as remission 
induction therapy. As seen on the figure, PSL dose was 
then tapered in line with disease improvement or remis-
sion. At the end of  the trial, 21 patients (44.2%) in the 
PSL group and 31 patients (58.5%) in the GMA group 
were in remission. The results of  this study suggested 
that GMA has significantly better efficacy as compared 
with the conventional corticosteroid and can spare pa-
tients from steroids. Likewise, in a later study by Hanai 
et al[44], the authors randomly assigned 69 patients with 
corticosteroid dependent moderately severe UC (at the 
time of  relapse) to GMA (n = 46) or to PSL (n = 23). 
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(UC) episode was 100%. All these first episode cases were steroid naïve with a 
short (< 4 mo) duration of UC; both steroid naïve and short disease duration are 
granulocyte and monocyte apheresis (GMA)-responder features. Accordingly, 
the remission rate in corticosteroid naïve cohort looks better than for steroid 
dependent cohort. GMA non-responder patients had deep ulcers with near total 
loss of the mucosal tissue at the lesion sites, a long duration of UC, and expo-
sure to multiple drugs; a few were candidates for colectomy[42,49,52]. 
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At entry, the mean dose of  PSL was 12 mg per day per 
patient in both groups. As remission induction therapy, 
in the GMA group, patients were given up to an 11 treat-
ment sessions over 10 wk, while in the PSL group, the 
mean dose of  PSL was increased to 30 mg per day per 
patient. At week 12, an 83% of  the patients in the GMA 
group were in clinical remission vs 65% of  the patients in 
the PSL group. Further, during the 12 wk of  treatment, 
the cumulative amount of  PSL received per patient was 
1157 mg in the GMA and 1938 mg in the PSL group. 
This study provided further support for GMA as an ef-
fective adjunct to standard drug therapy of  moderately 
severe UC with significant corticosteroid sparing effect. 
They reported steroid related adverse side effects in a sig-
nificant number of  patients, while for GMA, side effects 
were flushing and transient lightheadedness in a small 
number of  patients.

GMA FOR CHILDREN OR ADOLESCENTS 
WITH UC
In children and adolescents with IBD, conventional drugs 
like salicylates, thiopurines, corticosteroids or the new 
anti-TNF-α biologics may adversely affect the patients’ 
growth and development. Therefore, GMA as a non-
drug therapeutic intervention, if  effective in this clinical 
setting is unrivalled by any currently known drug based 
medication. With this in mind, Tomomasa et al[76] were 
the first to apply GMA to children who had active UC. 
In that study, 12 children, age 5 to 15 years, all with ac-
tive UC refractory to corticosteroids were given one 
GMA session per week for 5-10 consecutive weeks. In 
8 patients, clinical symptoms improved after two GMA 

sessions. Normal body temperature, stool frequency, and 
disappearance of  blood in stool were seen after 24.3 ± 
11.5 d. The endoscopic index improved from 2.6 ± 0.3 to 
0.4 ± 0.2. One patient who initially responded developed 
bloody diarrhoea later and 2 cases remained unchanged. 
The dose of  steroid was tapered during GMA therapy by 
50%. No serious adverse effect was observed. This study 
showed that GMA was effective and well tolerated in 
children with active UC refractory to corticosteroids.

Very recently, Tanaka et al[75] reported good efficacy 
and safety outcomes for GMA in children and adoles-
cents with active IBD, all corticosteroid naïve, which is a 
GMA responder feature. In a single centre setting, a total 
of  24 consecutive children and adolescents, age 11-19 
years were given mesalazine or sulphasalazine as a first-
line medication. Seventeen patients relapsed or did not 
respond to the first-line medications, and received GMA 
at 2 sessions in the first week, and then weekly, up to an 
11 sessions. Patients who achieved a decrease of  at least 
5 points in the CAI score were to continue with GMA, 
while non-responders were to receive 0.5 to 1.0 mg/kg 
per day PSL plus additional GMA sessions similar to 
GMA responder cases. At entry and week 12, patients 
were clinically and endoscopically evaluated, allowing 
each patient to serve as her or his own control. In this 
study, 7 patients achieved remission with the first-line 
medications and did not receive GMA. Five patients did 
not respond to the first 5 GMA sessions and received 
PSL plus GMA, while 12 patients responded to the first 
5 GMA sessions and received additional sessions. At en-
try, the average CAI was 14.1 ± 0.4, range 11-17, and the 
average endoscopic index was 9.2 ± 0.3, range 7-11. The 
corresponding values at week 12 were 2.1 ± 0.2, range 1-4 
and 2.4 ± 0.2, range 1-4. PSL was tapered to 0 mg within 
3 mo in the 5 cases who did receive PSL in combina-
tion with GMA. This study is the closest one can expect 
to clinical practice rather than to clinical trial. With the 
strategy they applied, all 24 consecutive patients achieved 
clinical remission, most with endoscopic remission as 
well[75]. The authors’ conclusion states that in growing 
patients with active UC refractory to first-line medica-
tions, GMA induced clinical remission and mucosal heal-
ing, while in non-responders to GMA monotherapy, ad-
dition of  a low dose PSL enhanced the efficacy of  GMA 
and tapering of  the PSL dose soon after remission was 
not associated with UC relapse. Avoiding corticosteroid 
at an early stage of  UC should ensure better long-term 
clinical course[70,75].

GMA IN PATIENTS WITH CD
So far, this review has focused mainly on the efficacy of  
GMA in patients with active UC. This is because IBD in 
the colon or in the rectum is strongly affected by neutro-
phils[50,54], while the role of  myeloid lineage leucocytes in 
the small intestinal IBD lesions has not been defined yet. 
Nonetheless the majority of  CD patients have colonic 
lesions, and therefore, GMA seems to produce signifi-
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Figure 6  Steroid sparing effect of granulocyte and monocyte apheresis. 
In this trial, 105 patients with active ulcerative colitis while on the corticosteroid 
prednisolone (PSL) were randomly assigned to granulocyte and monocyte 
apheresis (GMA) (n = 53) or to PSL (n = 52). In the PSL group, the steroid dose 
was increased at entry to induce remission, while patients in the GMA group 
received GMA, at one session per week over five consecutive weeks. PSL dose 
was then tapered in line with disease improvement or remission. At the end of 
the trial, 21 patients (44.2%) in the PSL group and 31 patients (58.5%) in the 
GMA group were in remission. Therefore, GMA showed significantly better ef-
ficacy than PSL and spared patients from steroids[22,41,44]. 
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cant efficacy in most patients with active CD[85,97,98]. Ad-
ditionally, as described for UC, patients with severe CD 
refractory to currently available pharmacologicals may not 
respond well to GMA[93]. Perhaps most IBD physicians 
in the West are not fully aware that unlike Europe where 
there is no striking difference in the prevalence of  UC 
and CD, in Japan, the prevalence of  UC is more than 3 
times higher than that of  CD. Accordingly, the first Ada-
column multicenter study in Japan that led to reimburse-
ment approval was in patients with active UC[22,41]. This 
is why most GMA papers from Japan are on studies in 
patients with UC. However, subsequently, a clinical trial in 
patients with CD refractory to conventional medications 
was undertaken[98], and led to reimbursement approval 
for patients with CD in Japan. However, the first study 
in CD was reported by Matsui et al[97], on 7 patients who 
were refractory to standard medications, each patient 
received 5 GMA sessions over 5 consecutive weeks. Five 
of  7 patients achieved remission. It is clinically relevant 
to mention here that the only 2 GMA non-responders 
in Matsui’s study had primarily small intestinal lesions. 
Subsequently, Fukuda et al[98] reported an efficacy rate of  
52% by applying 5 GMA sessions to each of  21 patients 
with severe CD. However, it is imperative to elaborate that 
the patients Fukuda et al[98] included had received conven-
tional medications including 2 wk of  optimum nutritional 
therapy (a routine treatment for CD in Japan) and only 
patients who remained with a high CDAI score received 
GMA. Therefore, 52% remission rate in a cohort of  pa-
tients with severe and medication refractory CD was very 
encouraging. Further, Domènech et al[85], treated 12 steroid 
dependent patients with CD. The remission rate was 70%. 
Finally, Muratov et al[79] treated 7 patients with CD who 
had relapsed while on optimum conventional medica-
tion and a few on biologics. The median CDAI decreased 
from 290 at weeks 1 to 184 at week 7 and to 128.5 (remis-
sion level) at 12 mo. It is clear from the aforementioned 
reports that up to now, only very complicated and severe 
cases of  CD have received GMA therapy.  

EFFECTIVE DOSAGE OF GMA
The evolution of  modern medicine has relied on the out-
comes of  clinical trials to determine the dosage of  drugs 
with maximum efficacy margin and minimum adverse 
side effect. Fortunately for GMA, which is a non-drug 
treatment strategy, reliance on clinical trial outcomes has 
been less demanding or at least lack of  it has not caused 
serious concern partly because of  its good safety profile, 
and partly for the fact that GMA removes from the body 
instead of  adding to it. Accordingly, unlike drugs, loss 
of  efficacy, dependence and refractoriness are not likely. 
Nonetheless, it is a basic requirement to know the most 
effective frequency and the number of  GMA sessions for 
patients with mild, moderate or severe IBD as this can 
help to save time and cost. The reality is that up to now 
GMA treatment has been an empirical practice. Some 
institutes administer 2 GMA sessions per week in the 

first 2-3 wk and then 1 session per week up to 10 or 11 
sessions[50,52]. Hanai et al[50] reported that although patients 
with steroid naïve UC responded well to 5 GMA sessions, 
steroid refractory patients with severe UC responded bet-
ter to 10 sessions. In contrast, Suzuki et al[42,52] administer 
2 GMA sessions per week and cease when CAI decreases 
to 4 or less (clinical remission level); patients who do not 
improve after several sessions are classified as non-re-
sponders[52]. These treatment regimens are all contrary to 
the initial clinical trials in which 5 GMA sessions over five 
consecutive weeks were applied[22,41]. Regarding duration 
of  one GMA session, Kanke et al[66] found that 90 min 
was significantly better than the routinely applied 60 min 
per GMA session. Likewise, Yoshimura et al[73] increased 
the processed blood volume from the conventional 1800 
mL per GMA session to over 3000 mL per session. In 
this study, the efficacy rate in the higher processed blood 
volume group was significantly greater than in the 1800 
mL per session group[73]. In a prospective multicentre 
study, Sakuraba et al[99] found that intensive GMA at 2 
sessions per week induced remission in shorter time and 
at a significantly higher rate when compared to weekly 
GMA. The authors assigned 112 patients with moderate-
ly active UC to 2 groups. Group 1 patients received one 
GMA session per week, while group 2 patients received 2 
sessions per week, up to 10 sessions in both groups. The 
remission rate in group 1 was 46.7%, while in group 2 
was 73.1%. Further, the mean time to remission was 28.1 
d, in group 1 and 16.3 d in group 2. In spite of  these out-
comes, there is evidence to suggest that the efficacy of  
GMA is time dependent. Recently, Yamamoto et al[100] ad-
ministered one GMA session per day over 5 consecutive 
days. There was no safety concern, but the efficacy rate 
was very much less than in the 5 GMA sessions reported 
by Shimoyama et al[41]. As reviewed above, in patients with 
active IBD, large numbers of  myeloid lineage leucocytes 
in the colonic mucosa are seen in biopsies[49,53] or by mea-
suring a specific neutrophil protein[101]. The infiltrated neu-
trophils may take several weeks to clear in spite of  CAI 
showing clinical remission[102]. Additionally, the immuno-
modulatory actions of  GMA are time dependent. In line 
with this assertion, in rheumatoid arthritis patients, there 
was a sustained increase in CD4+ T-lymphocytes up to 12 
wk following the last GMA session[22]. Similarly, there was 
a striking down-modulation of  the inflammatory chemo-
kine receptor CXCR3 on leucocytes several weeks after 
the last GMA session[23]. Clearly further investigations are 
warranted for establishing the optimum frequency and 
duration of  GMA session. 

TREATMENT COST
In a comprehensive study, Panés et al[78] estimated the 
treatment cost for patients with UC in the EU countries 
for conventional medications and GMA. The average 
annual cost per patient treated with conventional medica-
tions was estimated to be 6740€, while the cost for GMA 
was 6959€, which is very close to the conventional medi-
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cations. In contrast, for steroid-dependent patients, the 
average annual cost was 6059€ for conventional medica-
tions and 11436€ for GMA. Further, this study found 
that the efficacy rate in patients who achieved clinical 
remission with GMA was 22.5% higher than for conven-
tional therapy. The authors concluded that incorporating 
GMA in the therapeutic management of  patients with 
moderate-to-severe UC, GMA is cost-effective and the 
extra cost is compromised by GMA’s safety profile when 
compared with drug therapy.

GMA REDUCES MUCOSAL 
CONCENTRATION OF MYELOID LINEAGE 
LEUCOCYTES
As reviewed above, one pathologic feature of  active 
IBD is presence of  a large number of  granulocytes and 
monocytes/macrophages in the colonic mucosa[49,53]. In 
clinical settings, GMA is applied as an extracorporeal 
procedure to reduce the excess and activated myeloid 
lineage leucocytes from patients’ systemic circulation. 
One could logically argue that removal of  the leucocytes 
from the circulating blood should lead to depletion of  
these cells in the colonic mucosa where they are believed 
to exacerbate and perpetuate IBD[25,27,36]. Figure 7 shows 
typical immunohistochemical images taken from colonic 
biopsy specimens in a patient with total colitis in active 
stage and following GMA induced remission. The figure 
shows that the colonic mucosal tissue is densely infil-
trated by myeloid lineage leucocytes with the formation 
of  crypt abscess and GMA has reduced the concentra-
tion of  these leucocytes in the mucosa. It is relevant to 
mention here that the images seen in Figure 7 are typi-
cal for IBD lesions in the large intestine because similar 
images are uncommon in biopsies from small intestinal 
IBD lesions found in most patients with CD. It might be 
equally true to say that CD patients with the active IBD 
lesions confined to the small intestine may not be the 
right candidates for GMA therapy[97].

COLONOSCOPIC FEATURES OF GMA 
RESPONDER AND NON-RESPONDER 
PATIENTS 
As reviewed above, several studies have reported that 
any patient with a fair level of  intact colonic mucosa is 
a potential responder to GMA. With this in mind, in 
the authors’ hospitals, all patients receive endoscopic 
evaluations and the evaluation is used to treat or not to 
treat a patient by GMA. However, as stated above, by 
applying GMA at an early stage[70], most first episode 
cases respond[52], and we do not have many drug refrac-
tory patients with badly damaged mucosal tissue. Even 
patients with a near equal CAI score may have very dif-
ferent mucosal damage status, indicating that CAI per 
se does not reflect the full extent of  mucosal damage in 
patients with IBD[49]. Figure 8 shows typical colonoscopy 
features of  patients who may respond well to GMA and 
be spared from drug based medications. These two cases 
were from a subgroup of  patients who were identified 
as responders by colonoscopy. These cases were steroid 
naïve with severe UC based on clinical evaluation (CAI > 
14) without endoscopy, nonetheless good responders to 
GMA because, firstly, the mucosal tissue was preserved 
and secondly, the patients were not exposed to multiple 
drugs prior to GMA. The photographs show complete 
restoration of  the mucosal vascular patterns post GMA. 
Almost all such cases readily respond to GMA. Without 
colonoscopy, clinical evaluation would have identified 
these patients as having severe UC, a potential candidate 
for steroid therapy. However, such responders to GMA 
without corticosteroids should have good long-term 
clinical course[70].

In contrast, Figure 9 shows colonoscopic features of  
GMA non-responder patients. Here, colonoscopy photo-
graphs from two typical GMA non-responder patients at 
entry and at week 12 are presented. The colonoscopy im-
ages at entry revealed deep and extensive colonic lesions 
with virtually no mucosal tissue left at the lesion sites. 

Figure 7  Typical immunohistochemical images taken from colonic biopsy specimens in a patient with total colitis in active stage (A) and following remis-
sion (B). This figure shows that the mucosal tissue is densely infiltrated by myeloid lineage leucocytes and granulocyte and monocyte apheresis has reduced the 
concentration of these leucocytes in the mucosa. The specimens seen in this figure are from a 60-year-old male with moderately severe ulcerative colitis and cortico-
steroid naive, baseline clinical activity index, 13. 
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However, no patient with the entry mucosal damage seen 
in this figure is likely to show any significant fall in CAI, a 
few may have fulminant UC, candidates for surgery. 

TREATMENT OF PYODERMA 
GANGRENOSUM ASSOCIATED WITH IBD
Pyoderma gangrenosum (PG)-like skin lesions are seen 
in up to 2% of  patients with IBD and can be a major 

cause of  pathological and psychological morbidity[103]. 
It is interesting that PG and psoriatic skin lesions are 
reported to be good responders to GMA[103-107]. To our 
knowledge, most treated cases have responded well and 
yet, it all happened by chance[103]. A patient with IBD as-
sociated PG was treated for IBD, but the response of  
pyoderma lesions was more striking than anything ex-
pected from GMA. The young patient had very stressful 
deep refractory lesions over a long period of  time (Figure 
10). The lesions fully remitted after 10 GMA sessions[103]. 

At entry                                            Week 8 post start of GMA

At entry                                            Week 12 post start of GMA

Figure 8  Typical endoscopic features of patients who may respond well to granulocyte and monocyte apheresis and be spared from drug based medica-
tions. These cases were from a subgroup of patients who have been identified as good responders by colonoscopy. These patients were steroid naïve with severe 
ulcerative colitis (clinical activity indices > 14), yet good responders to granulocyte and monocyte apheresis (GMA), firstly because the mucosal tissue was preserved 
and secondly, the patients were corticosteroid naïve at the time of relapse. The photographs show complete restoration of the mucosal vascular patterns at post GMA.

Figure 9  Colonoscopy images showing deep and extensive colonic lesions together with inflammatory polyps and contact bleeding. Typical colonoscopic 
images from patients with severely damaged mucosal tissue (A), granulocyte/monocyte apheresis non-responders (B). However, most patients with the entry mucosal 
damage seen in this figure are medication refractory and unlikely to respond to granulocyte and monocyte apheresis, some opt for colectomy. 
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A B C

Figure 10  Pyoderma gangrenosum lesions. Pyoderma gangrenosum lesions associated with Crohn’s disease (A), partially re-epithelialized after 5 granulocyte and 
monocyte apheresis (GMA), sessions (B), fully re-epithelialized after 10 GMA sessions (C)[103]. 

Subsequently, other authors independently reported cases 
of  pyoderma or psoriatic skin lesions responding well to 
GMA[104-107]. The mechanism associated with the efficacy 
of  GMA in these conditions is not very clear, but the 
chemokine receptor, CXCR3 is known to have an active 
role in the initiation and perpetuation of  inflammatory 
skin lesions and is strongly down-modulated by GMA[23]. 
This action of  GMA, if  duplicated by follow-up studies 
can serve as a major break-through in our efforts to un-
derstand the mechanisms of  clinical efficacy of  GMA in 

these clinical settings. 

SPECIFIC IMMUNOLOGICAL EFFECTS 
The CD14+CD16+ monocyte phenotype is known to 
be pro-inflammatory as a major source of  TNF[108] 
and shows dramatic expansion in inflammatory con-
ditions. Accordingly, Hanai et al[109] reported elevated 
CD14+CD16+ monocytes in patients with IBD and a 
very marked depletion of  these TNF-producing mono-
cytes by GMA. This monocyte sub-set was depleted to 
levels seen in healthy persons[109]. In Figure 11, typical 
effect of  GMA is shown by flow cytometry. This action 
of  GMA should significantly alleviate inflammation in 
patients with dysregulated immune profile. Addition-
ally, as reviewed above, GMA has been associated with a 
sustained increase in circulating lymphocytes[20] including 
the CD4(+)CD25(+) Treg phenotype[61]. In spite of  this, 
the clinical efficacy associated with a course of  GMA is 
unlikely to reflect its effects on peripheral leucocytes per 
se. It is inferred that additional mechanisms of  actions 
might follow a course of  GMA. As seen in Figure 4, 
leucocytes that bear the FcγR and complement receptors 
adhere to the GMA carriers[23,62]. The adsorbed leuco-
cytes release an array of  substances both toxic and non-
toxic, but anti-inflammatory as well, which reach the 
patients’ circulation via the column outflow that returns 
to patients. Among these, cytokines, C3a and C5a are of  
short half-life and may not reach the patients’ circulation 
in fully active form. Hanai et al[110] reported a significant 
increase in the column outflow blood levels of  soluble 
TNF receptors Ⅰ and Ⅱ known to neutralize TNF with-
out invoking TNF-like actions[111].

Further, GMA-related suppression of  inflammatory 
cytokines (TNF-α, IL-1β, IL-6 and IL-8) released by 
peripheral leucocytes has been reported[112]. In in-vitro 
settings, exposure of  human blood to the GMA carri-
ers caused the release of  significant amounts of  IL-1 
receptor antagonist (IL-1ra) and hepatocyte growth fac-
tor (HGF)[113], seen in Figure 12. The release of  these 
substances (albeit very small) should proceed inside the 
Adacolumn during GMA in clinical settings and reach 
the patients’ circulation via the column outflow line. IL-

Figure 11  Typical flow cytometry outputs. Flow cytometry showing immuno-
phenotyping of elevated pro-inflammatory CD14(+)CD16(+)DR(++) monocytes 
in a patient with inflammatory bowel disease and depletion of these tumour 
necrosis factor-producing leucocytes by granulocyte and monocyte apheresis 
(GMA). In this patient, an 18.9% of monocytes were identified as CD14+CD16+ 

phenotype in active ulcerative colitis (UC) stage and this was reduced to just 
3.5% when the patient achieved remission following a course of GMA therapy. 
Normal level is < 8%[109].
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1ra is known to control intestinal inflammation[114], while 
HGF is believed to promote epithelial cell regeneration, 
an essential step in ulcer healing[115]. Further, examinations 
of  mucosal biopsy specimens suggested that GMA sup-
presses cytokine profiles within the mucosa[79,116]. A wary 
reader may wonder why this is possible with a system that 
impacts peripheral blood leucocyte counts. One answer 
could be that GMA reduces the number of  leucocytes 
that are destined for the mucosa, partially by depleting 
them (Figure 3) and partially by down-modulating the ad-
hesion receptors on the remaining leucocytes[117]. Muratov 
et al[79] found a marked decrease in tissue interferon (IFN)-γ 
or TNF-α positive leucocytes in clinical responders af-
ter GMA. In parallel, significantly lower levels of  IFN-γ 
producing leucocytes were detected in peripheral blood. 
IFN-γ positive T-cells in pretreatment biopsies completely 
disappeared or decreased in post-treatment biopsies sam-
pled 2 wk after the last GMA session in responders and 
appeared to predict the maintenance of  long-term remis-
sion, up to 12 mo. However, our view is that the impact 
of  GMA on the CD4(+)CD25(+) Treg[61] reviewed above 
is potentially very interesting in patients with dysregulated 
immune behaviour in whom, the immune system is in a 
state of  exuberant activity. In Figure 13, the immunologi-
cal actions of  GMA in patients with IBD are summarized 
based on published findings. In addition to adsorption of  
elevated and activated myeloid lineage leucocytes to the 
GMA carriers, the column outflow blood is a potential 
source of  anti-inflammatory substances. 

PUTTING EVERYTHING TOGETHER
IBD is a debilitating chronic, life-long health disorder, af-
fecting millions of  individuals with symptoms, which im-
pair function and quality of  life. The aetiology of  IBD is 
not precisely understood at present, and therefore, hith-
erto drug therapy has been empirical rather than based 
on a sound understanding of  disease mechanism(s). This 
empirical approach to medication might be a major fac-

tor for refractoriness and adverse drug effects. Indeed, 
adverse drug side effects become additional morbid-
ity factors in many patients on long-term medications. 
Although, the fundamental cause(s) of  IBD is not well 
known, but the exacerbating factors like TNF-α and 
other inflammatory cytokines are known and have been 
targeted. Bearing in mind that inflammatory cytokines are 
generated by the patients’ own cellular elements includ-
ing myeloid lineage leucocytes, it seems logical to apply 
GMA and deplete the elevated and activated myeloid 
lineage leucocytes. When the elevated cytokine produc-
ing leucocytes are depleted, the patients’ immune system 
should be able to adjust itself  to a more normal function 
or at least drug efficacy could be better. As GMA re-
moves from the body instead of  adding, it has not been 
associated with dependency, refractoriness, and safety 
concern. However, lets’ not forget that efficacy outcomes 
with GMA in patients with IBD have been impressive 
as well as disappointing. A review of  the clinical experi-
ence indicates that GMA responders and non-responders 
define patients’ past disease course, severity and response 
to medications. This is to say that IBD patients pres-
ent with diverse clinical and endoscopic disease severity 
levels, long or short duration of  IBD, and a history of  
exposure to medication (or otherwise). Hence, their clini-
cal response to medical interventions or to GMA can be 
complete remission, partial response or no response at 
all. Regarding GMA, it has been found that first episode 
cases together with steroid naïve and patients with a short 
duration of  active IBD, but without extensive loss of  
the mucosal tissue respond well and are spared from ad-
ditional pharmacologic interventions. Additionally, GMA 
responder patients have good long-term disease course. 
Therefore, if  this strategy is adhered to at an early stage 
during the development of  IBD, there should be fewer 
drug-refractory or cases with badly damaged mucosal tis-
sue that are medication or GMA non-responders. GMA 
is not a rescue therapy in patients in whom drug therapy 
has failed, while disease severity is worsening, but rather 
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Figure 12  Adsorption dependent release of interleukin-1 receptor antagonist, and hepatocyte growth factor from myeloid lineage leucocytes (granulocytes 
and monocytes) in in-vitro setting. Hepatocyte growth factor (HGF) is known to promote ulcer healing and cell regeneration, while interleukin-1 receptor antagonist 
(IL-1ra) is strongly anti-inflammatory[113]. GMA: Granulocyte and monocyte apheresis.
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to minimize the number of  patients who need such inter-
vention. Centuries ago, bloodletting was a major medical 
practice to cure disease because of  lack of  today’s medi-
cines, while today, GMA therapy reflects advance in our 
knowledge of  immune behaviour in IBD and a desire to 
treat without drugs.  
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Figure 13  An idealistic view of the events attributed to therapeutic granulocyte and monocyte apheresis with the Adacolumn in patients with inflammatory 
bowel disease. Scanning photomicrographs of leucocytes adsorbed onto a granulocyte and monocyte apheresis (GMA) carrier and the basic events, which follow 
on the surface of the carriers during GMA in clinical setting (see Figure 4 as well). Normal, non-activated and non-adherent neutrophils and monocytes/macrophages 
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the cells to the carriers. Further as seen, adsorbed leucocytes undergo extensive release reaction. Up to now, interleukin-1 receptor antagonist (IL-1ra), hepatocyte 
growth factor (HGF), IL-10 and soluble TNF receptors have been measured. During GMA, the blood, which returns to patients via the column outflow line may be 
likened to a biologic cocktail containing a large number of soluble substances released by the adherent leucocytes. The adsorptive nature of GMA is thought to be the 
most intriguing feature of this non-pharmacological treatment intervention. M: Monocyte; N: Neutrophil; P: Platelet; IBD: Inflammatory bowel disease.
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