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INTRODUCTION
Granulocyte-monocyte adsorption apheresis (GMA) 
with the Adacolumn has shown efficacy in the treatment 
of  inflammatory colitis in a series of  studies, mainly 
performed by Japanese and European investigators[1,2]. 
AdacolumnR is a therapeutic extracorporeal device, which 
selectively adsorbs granulocytes and monocytes from 
peripheral blood. The selective adsorption is thought to be 
mediated by interactions of  complement and Fc receptors 
on the granulocytes and monocytes, whereas complement 
factor and immunoglobulins adhere onto the surface of  
G-1 beads by ligand-receptor interactions[3]. Granulocytes 
and monocytes are believed to play a significant role 
in these and other autoimmune inflammatory diseases 
because of  their capability to release a variety of  mediators 
including active oxygen species and inf lammatory 
cytokines, such as tumor necrosis factor-α (TNF-α) and 
interleukin β (IL1-β)[4,5]. This contention supports the 
use of  GMA-apheresis and other therapeutic attempts to 
prevent damages caused by granulocytes and monocytes[6,7]. 
However, the clinical efficacy of  cytapheresis cannot be 
fully explained by a simple transient removal of  these cells. 

CD4+ CD25high, FoxP3+ regulatory T cells (Tregs) 
play a major role in controlling the immune response by 
producing suppressive effects on activated immune cells. 
It is established that FoxP3, a forkhead/winged-helix 
transcription factor, is specifically expressed in Treg cells and 
is a master control protein for the generation of  these cells[8]. 
Depletion of  Tregs leads to autoimmunity in mice[9] and 
dysfunction of  Tregs has been linked to human autoimmune 
diseases[10-13]. Immunosuppressive cytokines like IL-10 and 
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Abstract
AIM: To investigate if the clinical efficacy of granulocytes 
and monocytes by adsorption (GMA) is associated with 
an increased frequency of peripheral regulatory T cells 
(Tregs), as these cells have proven to be successful in 
suppressing inflammatory bowel disease (IBD) in animal 
models.

METHODS: We report four cases of corticosteroid-
dependent ulcerative colitis (UC) and two Crohn’s disease 
(CD) cases with severe cutaneous lesions who received 
GMA therapy. The frequency of CD4+ CD25high (Tregs) 
in peripheral blood was analyzed by flow cytometry and 
the expression of FoxP3 and TGF beta in purified CD4+ 
T cells was determined by real time PCR prior to and one 
month after the last apheresis session, and at the time 
of endoscopic and clinical assessing. 

RESULTS: Increased expression of Fox P3 mRNA was 
found in all five patients who responded to cytapheresis 
wi th remiss ion o f c l i n i ca l symptoms, mucosa l 
inflammation and cutaneous lesions, and an increased 
frequency of circulating Tregs was found in four patients. 
These changes were not observed in the patient with UC 
who did no respond to GMA. Variations in TGF-β (mRNA) 
did not parallel that of FoxP3 mRNA.

CONCLUSION: The clinical efficacy of GMA on IBD and 
related extra intestinal manifestations was associated 
with an expansion of circulating CD4+ CD25+ Tregs and 
higher expression of FoxP3 in CD4+ T cells. Accordingly, 
an elevated CD4+ CD25+ FoxP3 may be a valuable 
index of remission in patients with IBD and other chronic 
relapsing-remitting inflammatory conditions during 
treatment with GMA.
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TGF-β are required for the control of  autoimmunity in 
many in vivo models, but suppression in vitro appears to be 
solely mediated by a cell-cell contact-dependent, cytokine 
independent mechanism[14]. Further, an inverse correlation 
has been reported between disease activity and frequency 
of  peripheral Tregs in patients with inflammatory bowel 
disease (IBD)[15]. However, active IBD is not associated with 
a functional defect but with a contraction of  the peripheral 
blood Treg pool and a moderate expansion in intestinal 
lesions[16]. Further, cultured gut-derived Tregs from patients 
with Crohn’s disease (CD) and healthy individuals suppress 
T cell proliferation and cytokine secretion[17]. Animal 
studies suggest that adoptive transfer of  Tregs can reverse 
experimental colitis[18] and the long-term effects of  ex vivo 
activated and transferred Treg cells are likely due to their 
ability to generate new cytokine-producing CD4+ Treg  
in vivo[19]. 

The involvement of  TGF-β in Treg function remains 
controversial but it has been reported that TGF-β produced 
by CD4+ CD25+ T cells is involved in the suppressor 
activity of  these cells, particularly in their ability to regulate 
intestinal inflammation[20]. There is evidence that TGF-β 
deficiency leads to development of  autoimmune disease: 
TGF-β deficient mice and transgenic mice expressing the 
dominant negative form of  TGF-β receptor are useful 
animal models for diabetes and IBD[21,22]. Suppressive 
activity of  Tregs may be inhibited in TGF-β deficiency by 
acting on FoxP3. TGF-β is able to induce FoxP3 expression 
and subsequently a Treg phenotype in CD4+CD25- murine 
and human T cells, as well as a positive auto regulatory loop 
of  TGF-β signaling by down-regulation of  smad-7, an 
inhibitory protein for TGF-β signaling[23]. In addition, over 
expression of  smad 7 that results in insensitivity to TGF-β 
has been associated with human IBD[24].

With the assumption of  a role of  Tregs in the 
prevention and potential cure of  autoimmune inflammatory 
diseases, we aimed to ascertain whether the beneficial effects 
of  GMA-apheresis correlate with an increase in CD4+ 
CD25high cell numbers and a higher expression of  FoxP3 
and TGF-β in peripheral blood CD4+ T cells in a small 
group of  patients with ulcerative colitis or Crohn’s disease.

MATERIALS AND METHODS
Subjects
Four patients with ulcerative colitis (UC) and two patients 
with CD that were treated by selective GMA were included 
in this study. Main UC patient’s data are presented in 
Table 1. Steroid dependency was defined as the need for 
> 10 mg prednisolone daily for at least 4 wk to control 
clinical symptoms. Both of  the two patients with CD had 
associated severe cutaneous conditions; patient 5, a 26 aged 
female was diagnosed with CD 7 years ago. This patient 
had ileocolonic lesions without fistulas and had previously 
been treated with steroids, 5-ASA, and azathioprine 
cycles without improvement. On August 2005, she had 
an ulcerative lesion in the left leg; diagnosis of  pyoderma 
gangrenosum (PG) was made on clinical grounds and 
confirmed by a dermatologist. A skin biopsy was not 
required as there was no clinical doubt in the diagnosis. 

Patient 6 was a 45-year old female who was diagnosed 
to have CD with ileocolonic inflammation and has had 
several flares of  uveitis and nodosum erythematosis. She 
was unsuccessfully treated with steroids and anti-TNF 
antibodies.

Each patient received five cycles GMA-apheresis 
at weekly intervals (see below) and a clinical protocol 
including ileocolonoscopy was applied one month after the 
end of  the therapy. Clinical outcome was assessed using 
the follow-up criteria: absence/near absence of  clinical 
symptoms as remission; improvement of  symptoms, 
(without increase in steroid dose) as response, and no 
change or worsening as failure. Disease activity was 
categorized as mild, moderate or severe, and relapse was 
defined as an increase in clinical symptoms, as judged by 
the treating physician. Blood samples were taken at entry 
and when efficacy was assessed to determine the frequency 
of  peripheral regulatory CD4+ CD25high T cells and to 
quantify mRNAs for FoxP3 and TGF-β expressed in 
purified CD4+ T cells. Results from each individual patient 
were compared regarding to its clinical response to the 
therapy (Table 2).

GMA procedures
Patient’s blood was passed through a column that is filled 
with specially designed cellulose acetate beads of  2 mm in 
diameter that absorb about 65% of  granulocytes, 55% of  
monocytes and a very small fraction of  lymphocytes[25]. 
The apheresis procedures were performed by a specially 
trained nurse at the outpatient gastrointestinal department. 
Adacolumn device (JIMRO, Takasaki, Japan) was used in 
all cases. The GMA sessions were performed at a flow rate 
of  20-30 mL/min for 60-90 min and the frequency and 
total number of  apheresis sessions were typically 5 weekly 
sessions per patient. Non-adverse events or toxicity were 
observed. 

Flow cytometry
Whole blood samples were stained with FITC (fluorescein) 
labeled anti-CD4 and APC conjugated anti-CD25 Abs; 
respective mouse isotype controls were employed; optimal 
dilution of  antibodies were used and cells were washed and 
analyzed by flow cytometry in a FACScalibur cytometer 
and the CellQuest softward (Becton Dickinson). A live 
gate set around viable lymphocytes was used based on their 
forward scatter/side scatter (FCS/SCC) characteristics. 
For analysis of  CD25high T cells, large activated cells as 
determined by FCS/SCC properties were excluded. Three 
cell populations were distinguished in CD4+ T cells, 
according to the surface expression of  CD25: CD4+ 
CD25- “naive”; CD4+ CD25low-int “activated”, and CD4+ 
CD25high “regulatory” cells.

Cell isolation
Peripheral blood mononuclear cells (PBMC) were isolated 
from 20 mL freshly drawn blood by Ficoll density gradient 
centrifugation. CD4 positive cells were isolated from 
PBMC by positive selection using anti-CD4 human micro 
beads magnetic adhesion cell shorter (MACS) antibody 
(Miltenyi Biotech, Bergisch, Gladbach, Germany).
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Quantitative PCR
CD4+ cell pellets were lysed in RLT buffer (Qiamp RNA 
blood mini kit (Qiagen, Germany) and total RNA was 
extracted. One microgram of  total RNA was reverse 
transcribed using MMLV and random hexamers (Promega, 
USA) at 42℃ one hour, and at 65℃ 10 min. The cDNA 
obtained was stored at -20℃ until PCR analysis.

FoxP3 and glucuronidase (GUS) as a housekeeping gene 
were analyzed by quantitative real time PCR performed 
with the Light Cycler Fast Start DNA Sybr green kit 
(Roche). FoxP3 and GUS primers and PCR conditions 
are described in[26] and[27] respectively. Reverse 3'primer are 
designed to span contiguous exons in order not to anneal 
to contaminating genomic DNA. To control for specificity 
of  the amplification products, a melting curve analysis was 
performed and no unspecific products were observed. A 
standard curve of  cDNA from CD4 cells from a donor 
with a high expression of  FoxP3 was used. Arbitrary units 
were assigned to each dilution of  cDNA. Relative FoxP3 
expression values were calculated dividing the arbitrary units 
of  Fox P3 by the GUS results in order to normalized RNA 
input. The result is expressed in % ratio. 

TGF-β1 and human-g lucurony l -6-phosphato 
dehydrogenase (h-G6PDH) as a housekeeping gene were 
analyzed by quantitative real time PCR performed with 
Light Cycler Fast Start DNA hybridization probes kit 
(Roche). Primers and probes specific to TGF-β1 isoform 
were: Forward: exon 6: 5'-ggCTggAAgTggATCCACgA-3' 
Reverse: 5'-gCAggAgCgCACGATCATgTT-3'; Probes: 5'-
CTgCCCCTACATTTggAgCCTggAC-F-3' 5'-LCRed640-
gCAgTACAgCCA gCAgTACAgCAAggTCCTggCCCT
-P-3'. Reverse 3'primer is designed to span contiguous 
exons in order not to anneal to contaminating genomic 
DNA. PCR conditions for both gene amplification were: 
45 cycles of  3 segments: 95℃ 10 s; 58℃ 15 s and 72℃ 
15 s. A melting curve analysis was performed and no 
unspecific products were observed The copy number of  
TGF-β1 gene was calculated from a standard curve of  
a plasmid with the TGF-β1 PCR fragment cloned in the 
laboratory and h-G6PDH copies were determined with 

LC-h-G6PDH housekeeping gene set (Roche). Absolute 
quantification was expressed as ratio % for each cDNA.

RESULTS
Increase in peripheral Treg  in patients with IBD who 
showed a favorable response to GMA
Regulatory T cells are usually identified by flow cytometry 
as CD4+ T cells expressing high level of  the IL2-R α 
chain (CD25) at their surface (Figure 1). By using this 
criterion we found higher frequencies in samples obtained 
at the end of  the GMA-apheresis sessions in three of  five 
patients with IBD that responded favorably to the therapy, 
but a lower frequency in the one who failed to respond to 
this treatment. To exclude that changes in the frequency of  
Tregs reflect nonspecific effects of  the therapy on other 
CD4+ T cell subsets, we also calculated the ratio CD4+ 
CD25high to CD4+ CD25low-int and compared the data in 
each individual case; higher ratio was found in one case, 
lower ratio in another, and no variation in the remaining 
four cases. Thus, a selective expansion of  true Treg cells 
in the peripheral blood of  treated patients could not be 
demonstrated. Human CD4+ CD25high Treg population is 

	 	 	 1	 																											2	 	 	 					3	 	 	 		4

Age (yr)   37                 42          38     36 

Sex   Male                 Female         Female     Male

Disease’ location  Left side                 Extensive colitis        Left side    Left side

Disease activity  Moderate-severe                Severe         Severe     Severe

Time from diagnosis (yr)   2                 10                   8     22

Truelove index  13                 17          14     15

Previous therapy  Corticosteroids azathioprine     Corticosteroids azathioprine     Corticosteroids azathioprine     Corticosteroids azathioprine

Indication for GMA-apheresis Steroid-dependent disease         Steroid-dependent disease        Steroid-dependent disease         Steroid-dependent disease

Cycles of  GMA-apheresis  10                   5                      7           5

Response to GMA-apheresis Remission                 Response           Failure    Remission 

Truelove index (after therapy) 10                 10            16     9

Endoscopy		 	 No	inflammation	 															No	inflammation	 									Bleeding	ulcers	 	 		No	inflammation	

Recurrences  At 6 mo                 At 6 mo       Non

Table	1		Ulcerative	colitis	patient’s	data

GMA: Granuocyte/monocyte apheresis.

Table	2		Clinical	and	analytical	data	of	Crohn	disease’s	patients

	 	 								Patient	5	 													Patient	6

	 	 			Pre	 					Post	 								Pre	 										Post
	 	 apheresis	 		apheresis	 				apheresis						apheresis

CDA I  241       161          236               156

Cutaneous lesion Pyoderma      Healing1        Erythema            Healing1

  gangrenosum        nodosum

Hematocrit    37.5        37.1           32.3               34

Haemoglobin   11.9         11.9           10.6               10.9

GSV    62        39            74               58

C-reactive protein   67        13           17                 4

Platelets × 103/mL 241      161          236               151

1Number of GMA-apheresis sessions to achieve the healing: 13 for PG, 5 for E N.
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relatively indiscreet; the border line between CD25high and 
CD25low is often obscure, making it difficult determining 
the cellular subsets. Even carefully selected CD4+ CD25+ 
T cell clones do not represent a homogenous population 
of  functional suppressor cells[28]. This fact may explain the 
differences in normal ranges described in the literature but 
it seems unlikely that its concerns the variations observed 
in this study.

Clearer results were found by quantification of  mRNA 
for FoxP3 expressed in purified CD4+ T cells by real time 
PCR. In contrast to most phenotypic markers of  Tregs, 
the expression of  FoxP3 seems to be crucial for their 
functional characteristics[29]. All five patients which showed 
successful response to Adacolumn therapy displayed 
increased levels of  FoxP3 mRNA in blood CD4+ T cells 
after the GMA treatment, whereas diminished levels of  
FoxP3 transcripts were found in the one that did not 
respond to this therapy (Figure 2).

TGF-β expression in CD4+ T cells does not change after 
GMA
Next, we analyzed the expression of  TGF-β in CD4+ T 
cells from GMA- treated patients and observed increased 

expression of  TGF-β in post apheresis samples in four 
cases but this variation was not parallel to that observed 
for FoxP3 expression. The remaining two cases did not 
show variations in TGF-β and have had a different clinical 
response to GMA-apheresis (Figure 3).

Adacolumn therapy was successfully applied to healing 
cutaneous lesions related to inflammatory bowel disease
Both two patients with Crohn’s disease had severe 
cutaneous lesions that improved with the Adacolumn’s 
therapy; Figure 4 shows the complete healing of  pyoderma 
gangrenosum, unsuccessfuly treated with steroids, after 
13 sessions with GMA-apheresis. A successful response 
to GMA-apheresis was also observed in the case of  
erythematous nodosum associated with CD that was 
unsuccessfully treated with steroids and infliximab anti-
TNF-α therapy. The effect of  apheresis was transient 
as the cutaneous lesions recurred four months after the 
interruption of  therapy and remitted with a new cycle of  
GMA-apheresis sessions.

DISCUSSION
A current view is that a disregulated immunity in 
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intestinal mucosa plays a pivotal role in the pathogenesis 
of  IBD and that intestinal inflammation is perpetuated 
by inflammatory cytokines like IL-1β , TNF-α , IL6 
and others[30]. Based on this perception, anti cytokine 
antibodies, notably anti TNF (infliximab) have been added 
to the conventional anti inflammatory drugs. Steroids, 
5-aminosalicylic or sulphasalazine in combination with 
azathioprine and nutritional support for some patients are 
used as first-line medication for IBD. However, treatment 
failure has often been an indication for colostomy in 
steroid-refractory patients[31] and biologicals are dampened 
by serious concerns about their long-term efficacy and 
safety profiles[32,33]. The underlying rationale for GMA-
apheresis is the fact that granulocytes and monocytes/
macrophages (GMs) are a major source of  inflammatory 
cytokines[34] and that selective removal of  these cells, 
otherwise destined for migration to the intestine, reduce 
the intestinal inflammation. GMs removal is made by their 
adhesion to carrier beads through FcγR and complement 
receptors, but it is reported that Adacolumn increases 
peripheral blood lymphocytes, sparing prevailing cells 
and inducing an increase in de novo lymphocytes[35], largely 
attributable to an increase in CD4+ T cells. These changes 
on blood lymphocytes were also observed in our patients 
(data not shown). It is noteworthy that a low lymphocyte 
count has been associated with relapse of  CD[36].

A selective increase of  peripheral CD4+ Treg cells in 
patients treated with GMA has been suggested[37] and our 
results strongly support this opinion. We have observed 
higher frequency of  Tregs and increased expression for 
FoxP3 mRNA in the blood of  IBD patients treated with 
Adacolumn except in the one that did not respond to the 

therapy. Quantitative data showed expression differences 
in matched samples of  purified CD4 T cells, obtained 
before and after a series of  GMA. We think that these 
results contribute to enlighten the picture hence there is no 
published data at this time. 

The position of  GMA-apheresis in the medical 
therapy of  ulcerative colitis has been recently reviewed[38]. 
According to the expressed opinion patients at any stage 
of  their disease might benefit from this therapy and 
can avoid steroids and other drug based medications. 
In patients with steroid dependent UC up to 85% show 
efficacy with an excellent safety profile. Five from our six 
patients with active and severe IBD responded to GMA-
apheresis therapy and the one that did no respond showed 
a further favorable response to the infliximab. Pyoderma 
gangrenosum (PG) is a chronic ulcerating skin condition 
that appears to be immune mediated, and approximately 
30% of  cases occur in association with IBD[39]. The 
mainstay treatment remains immunosuppression with 
corticosteroids and cyclosporine, and there is a number 
of  reports of  PG responding to anti TNF-α therapy[39]. 
We report the beneficial effect of  GMA-apheresis therapy 
in a case of  PG and a case of  erythema nodosum, both 
associated with CD that did not respond to other therapies. 

Thus, many patients with IBD likely benefit from 
GMA-apheresis therapy, potentially by an increase in 
frequency and function of  CD4 Tregs that takes place 
in the action mechanism(s) of  this procedure. The small 
number of  patients in our study precludes to take out any 
statistical conclusion about this point but, independently 
of  defining the actual mechanism of  GMA-apheresis in 
IBD therapy, our results suggest that quantification of  

A B

C D

Figure 4  Improvement of pyode-
rma gangrenosum in a patient with 
Crhon’ disease treated by GMA-
aphersesis: pictures A-D, were 
taken at 1, 5, 8, and 13 apheresis 
sessions.
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FoxP3 mRNA expressed in CD4 T cells of  treated patients 
may be used as a valuable index of  remission in IBD and 
perhaps in other chronic relapsing-remitting inflammatory 
conditions susceptible of  this kind of  therapy. If  that were 
proved on a large series of  GMA-treated patients, it could 
be helpful to predict the response to GMA and to support 
the rational use of  this high-cost therapy. We also point 
out the fact that the patient that did not respond to GMA 
did respond to infliximab, and conversely, those which 
responded to GMA did not respond to other therapies. 
Thus, a tailor’s patient therapy could be considered in 
a future and good analytical criteria of  response will be 
welcome. 

COMMENTS
Background 
Granulocyte/monocyte apheresis with Adacolumn seems to offer a safe and 
efficacious adjuvant treatment option in inflammatory bowel disease (IBD), 
rheumatoid arthritis and maybe in other inflammatory conditions, but the clinical 
efficacy cannot be explained by selective removal of these cells. Regulatory T cells 
play a major role in control of autoimmune diseases, and the FoxP3 transcription 
factor is specifically expressed in these cells and is crucial for their functional 
characteristics. Dysfunction of T regs it is suggested in patients with IBD and 
demonstrated in animal models of these pathologies

Innovations and breakthroughs
We report that the clinical efficacy of adsorptive cytapheresis in the treatment 
of inflammatory colitis is associated to an expansion of circulating T reg and 
increased expression of FoxP3. If that were proved in a large series of treated 
patients it could be helpful to make a valuable index of remission and to predict the 
response to this therapy.

Applications
All the findings of our study will provide a useful way for the treatment of 
inflammatory colitis.

Peer review
This is an interesting study. Authors showed that GMA induces increase of Treg 
and exerts anti-inflammatory response in IBD patients. 
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