
cytokines fell to the levels in healthy controls. Further, 
blood levels of IL-1ra and IL-10 increased at the column 
outflow and inflow at 60 min suggesting release from 
leucocytes that adhered to the carriers. 

CONCLUSION: Elevated blood levels of IL-6 and IL-18 
together with peripheral blood granulocytes and mono-
cytes/macrophages in patients with active UC show acti-
vative behaviour and increased survival time can be pro-
inflammatory and the targets of GMA therapy. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Factors which initiate and perpetuate ulcerative colitis 
(UC) are not well understood. However, the condition is 
often associated with elevated circulating granulocytes and 
monocytes/macrophages[1-5] that show activative behaviour 
and increased survival time[6-10]. Another feature of  active 
UC is the increased generation and activities of  inflam-
matory cytokines which can initiate and perpetuate the 
disease[11-15]. Furthermore, recent clinical and basic research 
data indicate that the clinical relapse of  UC is mediated 
by an unchecked influx of  granulocytes and monocytes/
macrophages into the mucosal tissue[16-19]. The level of  
neutrophils in the mucosa was quantitatively related to the 
severity of  intestinal inflammation and relapse both in UC 
and Crohn’s disease[16]. 

Granulocytes and monocytes/macrophages are major 
sources of  inflammatory cytokines[20-24] and therefore, it 
is assumed that high and activated peripheral blood lev-
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Abstract
AIM: To investigate the relationship between ulcerative 
colitis (UC) clinical activity index (CAI) and circulating 
levels of IL-1ra, IL-10, IL-6 and IL-18.

METHODS: Blood levels of IL-1ra, IL-10, IL-6 and 
IL-18 were measured in 31 patients with active UC, the 
mean CAI was 11.1, ranging from 5-25; and 12 healthy 
individuals as controls. Patients were given granulocyte 
and monocyte adsorptive apheresis (GMA) with Adacol-
umn. Leucocytes which bear the FcγR and complement 
receptors were adsorbed to the column leucocytapher-
esis carriers. Each patient could receive up to 11 GMA 
sessions over 8 wk. 

RESULTS: We found strong correlations between CAI 
and IL-10 (r = 0.827, P < 0.001), IL-6 (r = 0.785, P < 
0.001) and IL-18 (r = 0.791, P < 0.001). IL-1ra was not 
correlated with CAI. Following GMA therapy, 24 of the 
31 patients achieved remission and the levels of all 4 
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els of  these leucocytes can be a major pro-inflammatory 
condition. Factors believed to contribute to the elevated 
neutrophil counts and increased survival time include in-
flammatory cytokines[8] and paradoxically corticosteroids[9] 

that are given to most patients with severe active UC. The 
circulating levels of  anti- and pro-inflammatory cytokines 
are likely to follow leucocyte levels or activities and are po-
tentially related to disease activity. 

However, leucocytes produce proinflammatory as well 
as anti-inflammatory cytokines. Thus, interleukin-6 (IL-6) 
produced by neutrophils and monocytes/macrophages (as 
well as other cell types including endothelial cells) is report-
ed to play a major role in neutrophil and monocyte recruit-
ment during inflammation[15]. Similarly, IL-18 produced by 
monocytes/macrophages is thought to be a potent inducer 
of  interferon-γ (IFN-γ) production, hence contributing to 
the induction of  Th1 responses[23, 24] A similar scenario may 
be described for anti-inflammatory cytokines. Thus, elevat-
ed level of  IL-1 receptor antagonist (IL-1ra) is considered 
to reflect a natural compensatory mechanism to counter 
the activities of  the pro-inflammatory cytokine IL-1β in 
inflammatory diseases[25-26]. Similarly, during inflammation, 
production of  IL-10 increases and potentially can switch 
off  the production of  pro-inflammatory cytokines includ-
ing IFN-γ, IL-1β, IL-6, IL-8, IL-12 and tissue necrosis fac-
tor (TNF-α).

Therefore, there are cytokines which can initiate and 
perpetuate inflammation and others which mitigate the in-
flammation. Accordingly, cytokines currently represent the 
best validated therapeutic targets[25-30]. With this in mind, 
we studied the circulating levels of  2 major anti-inflamma-
tory and 2 major pro-inflammatory cytokines during active 
UC and during remission. IL-10 and IL-1ra were chosen 
as two known anti-inflammatory cytokines while IL-6 and 
IL-18 were considered to represent two typical pro-inflam-
matory cytokines. Since peripheral blood granulocytes and 
monocytes/macrophages are thought to represent major 
sources of  both pro- and anti-inflammatory cytokines[1-6], 
we targeted these cells using granulocyte and monocyte/
macrophage adsorptive apheresis (GMA) with Adacol-
umn[4,5]. 

MATERIALS AND METHODS
Study objectives
First, to see the relationship between CAI and circulating 
levels of  the two major anti-inflammatory cytokines IL-10, 
IL-1ra and two pro-inflammatory cytokines IL-6 and 
IL-18 during active UC. Second, to investigate the effects 
of  adsorptive granulocytes and monocyte/macrophage 
apheresis (GMA) on the levels of  these cytokines and 
CAI. This was to provide an insight into the mechanisms 
of  clinical efficacy of  GMA with Adacolumn presently 
and hitherto reported[4,5,31]. Third, to identify predictors of  
response to GMA. 

Patients
The demography of  the 31 patients included in this 
study is presented in the Table 1. There were 17 males 
and 14 females, mean age 34.3 years, range 14-58 years. 

CAI was determined according to Rachmilewitz [32]. 
UC was severe in 11, moderate in 16 and mild in 4. All 
patients had been treated with conventional medications 
including 5-aminosalicylic acid （5-ASA） and prednisolone 
prior to entry. Eighteen of  the 31 patients were steroid 
dependent , 9 were steroid refractory and 4 were steroid 
naive. The conventional medication was continued and 
the steroid dose was tapered when CAI score decreased to 
remission level (4 or less). Twelve healthy individuals of  
the same age range served as a control group. 

Granulocyte and monocyte adsorptive apheresis
GMA was performed with Adacolumn precisely as 
described previously[4,5,20,31,33]. In Japan, GMA with 
Adacolumn has been approved by the Ministry of  Health 
for public funding to treat patients with active UC. 
Adacolumns were purchased from Japan Immunoresearch 
Laboratories (Takasaki, Japan). Each patient could receive 
up to 11 GMA sessions. Patients with CAI > 12 received 
2 sessions/wk in the first 3 wk and then one session/wk. 
During wk 6, CAI scores were determined and GMA was 
continued until patients had received up to 11 sessions. 
This therapy was added to the patients’ ongoing treatment 
following a relapse or worsening UC symptoms. No 
additional conventional medication was given during this 
study.

Assessment of response to therapy
CAI equal or greater than 5 was the entry criteria. Clini-
cal remission was defined as a CAI decrease to 4 or less 
and mucosal vascular patterns had become visible (at least 
partly). When CAI had fallen, but was still above 4, the pa-
tient was considered to have improved. 

Measurement of cytokines
Peripheral blood was sampled directly via a venepunc-
ture in the antecubital vein and also from the Adacolumn 
inflow at the start of  GMA and then at the end of  the 
60 minutes GMA session from the column inflow and 
outflow (blood which was returning to patients). IL-1ra, 
IL-10, IL-6 and IL-18 were measured using enzyme linked 
immuno-sorbent assays (ELISA). Human IL-1ra ELISA 

Table 1  Demography of 31 patients with active ulcerative 
colitis who were investigated in this study

Backgroung                                      Measurement

Male/Female 17/14
 Age, yr (range) 34.5-15.3 (14-58)
Age at first attack (yr) 29.1-11.9 (12-54)
Duration of UC (yr) 5.9-7.2 (0.5-26)
Number of relapses 4.3-3.9 (1-15)
Classification of severity
 Mild   4
 Moderate 16
 Severe 11
Mean (range) clinical activity 
index (CAI)[33]

11.1(5-25)

Total colitis 24
Left sided colitis   7
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kit was from R&D systems (Minneapolis, USA); the ELI-
SA kit for IL-10 was from Biosource Europe SA (Nivelles, 
Belgium); human IL-18 ELISA Kit was from MBL (Medical 
and Biological Laboratories, Nagoya Japan) and the ELISA 
kit for IL-6 was from FUJIREBIO Inc. (Tokyo). All assays 
were done at an special research laboratory (SRL) in blind 
manner and the data were processed by an individual who 
was unaware of  the subjects’ clinical conditions or the pur-
pose of  the study. 

Ethics
As indicated above, Adacolumn is officially approved in 
Japan for the treatment of  patients with active UC. How-
ever, when blood samples were required for research other 
than for routine clinical laboratory, patients were informed 
of  the extra volume of  blood to be taken and the purpose 
of  the blood sample. All patients we consulted agreed to 
donate blood samples for assaying cytokines. They were 
advised that refusal to donate blood will not jeopardize 
their future treatment and care.

Statistical analysis
The amounts of  IL-1ra, IL-10, IL-6 and IL-18 are present-
ed as individual observations and comparisons are made 
using the Stat View Software. Statistical tests were the 
Mann-Whitney U test, Scheffe’s test, the Turkey-Kramer 
test or the Spearman’s rank correlation test, indicated in 
the figure legends. A significance level of  0.05 was used for 
all statistical tests, and two-tailed tests were applied when 
appropriate.

RESULTS
Blood levels of anti- and pro-inflammatory cytokines 
during active UC
The relationship between CAI and blood levels of  IL-10 
and IL-1ra in 31 patients is presented in Figure 1. The 
Spearman’s rank correlation coefficient (Rs) showed a 
strong positive relationship between blood levels of  IL-10 
and CAI, while no correlation was found between blood 
levels of  IL-1ra and CAI. Similarly, the majority of  non-
responders to GMA (albeit a few) had low blood levels 
of  IL-1ra, while no obvious difference between respond-
ers and non-responders to GMA was seen for circulating 
IL-10 levels. Likewise, Figure 2 shows the relationship 

between blood levels of  IL-6, IL-18 and CAI in the 31 
patients. Also for these two pro-inflammatory cytokines, 
Rs shows a strong positive correlation with CAI. Most of  
the few non-responders to GMA had high blood levels of  
IL-6 and IL-18. 

Blood levels of anti- and pro-inflammatory cytokines 
during GMA
Figure 3 shows the changes in blood levels of  IL-10 and 
IL-1ra at the Adacolumn inflow (peripheral blood) at 
the start of  GMA therapy and outflow at the end of  the 
60-min GMA and again peripheral blood just after the 
completion of  GMA in the 31 patients. The dotted lines 
represent patients who did not respond to GMA during 
the observation period. This figure shows that blood levels 
of  both IL-10 and IL-1ra are significantly higher in the 
column outflow relative to inflow and this accounts for the 
elevated levels of  these cytokines in the peripheral blood 
during the GMA procedure. We found strong correlations 
between ulcerative clinical activity index (CAI) and circu-
lating levels of  IL-10, IL-6 and IL-18. In contrast, IL-1ra 
was high in most patients during active UC, but did not 
show correlation with CAI. However, the circulating levels 
of  all 4 cytokines were low during remission, similar to 
the levels in healthy controls. It is inferred that the incre-
ments in IL-1ra and IL-10 in the column outflow are due 
to release from monocytes/macrophages and neutrophils 
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Figure 1  The relationship between blood levels of IL-10 and IL-1ra as measured 
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that adhere to the Adacolumn leucocytapheresis carriers, 
with additional contributions from activated Th2 and B 
lymphocytes (IL-10). Blood levels of  IL-6 and IL-18 did 
not change significantly during the 60 min GMA proce-
dure. The likely explanation could be inactivation within 
the column by a strong flux of  proteases and active oxygen 
derivatives released by adherent leucocytes. 

Blood levels of anti- and pro-inflammatory cytokines dur-
ing active UC and remission
Figure 4 shows blood levels of  IL-10 and IL-1ra in pa-
tients with UC during active disease (n = 31), when in 
remission (n = 12) and in age matched controls (n = 12). 
The results show wide variations in the blood levels of  
these two anti-inflammatory cytokines during active dis-
ease, but for both cytokines, the levels are very low during 
remission, similar to the levels in healthy controls. The 12 
patients in remission were from the 31 patients with active 
disease who achieved remission following GMA (wk 12). 

Blood levels of  IL-6 and IL-18 are presented in Figure 
5. The data for these two pro-inflammatory cytokines are 
mirror images of  the data in Figure 4 for two anti-inflam-
matory cytokines. The results show wide variations in the 

blood levels of  these two cytokines during active disease, 
but for both cytokines, the levels are very low during re-
mission, similar to the levels in healthy controls. 

Blood levels of anti- and pro-inflammatory cytokines 
during GMA course
Figure 6 shows the changes in blood levels of  IL-10 and 
IL-1ra in one typical case during an 8 wk GMA course. 
Two prominent features can be seen: higher levels during 
active disease; in the column outflow and decline with the 
number of  GMA sessions. This is a case who responded 
to GMA and achieved remission during this therapy.

Figure 7 shows IL-6 and IL-18 levels in one typical 
case during an 8 wk GMA course. Also for these two pro-
inflammatory cytokines, the levels were high during active 
disease and fell rapidly (IL-6) during the course of  GMA 
therapy. However, unlike IL-10 and IL-1ra, the levels of  
these two cytokines did not increase in the column outflow.

Changes in CAI associated with GMA
Patients received up to 11 GMA sessions to deplete the 
activated and excessive peripheral blood granulocytes and 
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monocytes/macrophages. There was a significant (P < 0.05) 
fall in CAI at wk 6 and after 11 sessions, 24 of  the 31 pa-
tients were in clinical remission (CAI ≤ 4). The mean CAI 
value at entry was 11.1, ranging 5-25. The corresponding 
values one week after the last treatment session were 2.4, 
ranging 0-15. 

Safety of GMA
All patients completed their GMA therapy, compliance 
was excellent. GMA was safe, no severe side effects were 
seen during or after the GMA procedures. Transient 
flushing and mild headache were seen in a small number 
of  patients, similar to the side effects reported in previous 
GMA studies[4,31,33]. 

DISCUSSION
Factors which initiate and perpetuate or exacerbate UC 
are yet to be characterized. The current view is that treat-
ment strategies based on understanding of  the factors that 
initiate or exacerbate UC (targeted therapy) should have 
greater efficacy margins and less treatment-related side ef-
fects[11,19,34,35]. However, UC is an inflammatory disorder 
reflecting unphysiological activities of  pro-inflammatory 
cytokines and an over-exuberant intestinal inflammatory 
response[11,34,35]. Hence, it is assumed that cytokines can 
initiate and perpetuate inflammation and currently rep-
resent the best therapeutic targets. With this in mind, we 
studied their circulating levels during active disease and 
remission. IL-10 and IL-1ra were chosen as two typical 
anti-inflammatory cytokines while IL-6 and IL-18 were 
considered to represent two typical pro-inflammatory cy-
tokines. The circulating levels of  all 4 cytokines were high 
in most patients during active UC, but low during remis-
sion, similar to the levels in healthy controls. Further more, 
most non-responders to GMA had low blood levels of  
IL-1ra. This study did not measure mucosal tissue levels 
of  these 4 cytokines which might be more appropriate to 
intestinal inflammation. Since monocytes/macrophages 
and granulocytes are major sources of  both pro- and anti-
inflammatory cytokines, this might suggest that these 
leucocytes contribute to the circulating levels of  cytokines. 
Accordingly, we targeted these leucocytes using GMA 
with Adacolumn. The column carriers adsorb about 65% 
of  granulocytes, 55% of  monocytes and a small fraction 
of  lymphocytes from the blood in the column (FcγR and 
complement receptors bearing leucocytes). The procedure 
is followed by a marked increase in peripheral blood lym-
phocyte counts, notably CD4+ T cells[5] and CD10 nega-
tive (immature) neutrophils[36]. 

The major cellular sources of  IL-1ra are known to be 
monocytes/macrophages and polymorphonuclear granu-
locytes[37] while the major cellular sources of  IL-10 are 
reported to be monocytes/macrophages, also Th2 cells 
and B lymphocytes[28]. Similarly, IL-6 is produced by neu-
trophils, monocytes/macrophages as well as endothelial 
cells[15] while IL-18 is produced by monocytes/macro-
phages, epithelial and Kupffer cells[23,24]. Each of  these 
cytokines has a different profile of  inflammatory or anti-
inflammatory action. Both IL-1ra and IL-10 are reported 

to have strong anti-inflammatory actions[26,27,29,38-42]. Over-
production of  the pro-inflammatory cytokine, IL-1β is 
thought to be involved in the perpetuation of  inflamma-
tory bowel disease, while IL-1ra, the naturally occurring 
antagonist of  IL-1β is believed to counteract the actions 
of  IL-1β; an imbalance of  IL-1β and IL-1ra production 
is thought to be a major factor in the perpetuation of  
intestinal inflammation[27,38]. The production of  IL-1ra is 
reported to be stimulated by several substances includ-
ing adherent IgG, certain cytokines like IL-10[26,37,39,42,43]. 
IgGs adsorb to cellulose acetate carriers of  Adacolumn 
(see below) and this may be one explanation for the 
elevation of  IL-1ra during GMA. Similarly, IL-10 is re-
ported to be a major Th2 cytokine that is known to in-
hibit the production of  IFN-γ, IL-1β, IL-6, IL-8, IL-12 
and TNF-α limiting the emergence of  Th1 cytokine 
field[30,44]. In contrast, IL-6 is recently reported to have 
complex inflammatory actions. Thus it has a major role in 
leucocyte extravasation by activating endothelial cells and 
stimulating the production of  chemokines including IL-8 
and monocyte chemoattractant protein[15]. This indicates 
that circulating IL-6 can be a major pro-inflammatory 
factor. IL-18 has been recognized to be a potent inducer 
of  IFN-γ production by T-cells[24,45]. Either independently 
or in synergy with IL-12, the effects of  IL-18 via induction 
of  IFN-γ can lead to a rapid activation of  the monocyte/
macrophage system with an upregulation of  these cells’ 
innate immune capabilities[46,47] that may lead to a Th1 
type inflammatory response[23,24]. Hence high levels of  
circulating IL-18 should be considered pro-inflammatory.

One obvious question which has been drawing our at-
tention in this study was why a consistent increase in IL-6 
and IL-18 at the Adacolumn outflow could not be detect-
ed as was seen for IL-1ra and IL-10. It is not to say that 
they were not released from cells which adhere to the col-
umn carriers, rather to say that no increase was detected. 
However, it is logical to view the inside the column as an 
environment in which very high levels of  active oxygen de-
rivatives and proteases (released from adherent leucocytes) 
prevail. It is likely that the cytokines we have measured 
have different stability within the column environment and 
those which survive in appreciable amounts show an in-
crease at the column outflow. 

Patients with autoimmune diseases are known to have 
circulating immune complexes (ICs) in their plasma[49,50]. 

The Adacolumn adsorptive leucocytapheresis carriers are 
made of  cellulose acetate and cellulose acetate is known 
to adsorb IgG and ICs from plasma[50]. Upon adsorption, 
the binding sites on IgG and ICs become available for 
the Fcγ receptors on neutrophils and monocytes/macro-
phages[50-53]. Further more, cellulose acetate with adsorbed 
IgG and ICs generates active complement fragments in-
cluding C3a, C4a and C5a[5,50,53]. The opsonins, C3b, C3bi 
C4b, C4bi, C5b and others derived from active comple-
ment fragments also adsorb onto the carriers[5,50,53-55] 
and serve as binding sites for the leucocyte complement 
receptors, CR1, CR2, CR3 (Mac-1, CD11b/CD18) and 
CR4[54-57]. Leucocyte adsorption to the cellulose acetate 
carriers of  Adacolumn is governed by the Fcγ receptors 
(FcγRs) and the complement receptors on the leucocytes. 
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The expression of  these two sets of  receptors is common 
on neutrophils and monocytes/macrophages. In contrast, 
the expression of  complement receptors is not a common 
feature of  lymphocytes except on small subsets of  B, T 
and NK (natural killer) cells[55,58]. Similarly, FcγRs are not 
widely expressed on lymphocytes except on a small popu-
lation of  CD19+B cells[58] and CD56+NK cells[59]. These 
basic processes should explain why the carriers selectively 
adsorb granulocytes and monocytes/macrophages, but not 
lymphocytes.

In conclusion, elevated blood levels of  IL-6 and IL-18 
together with peripheral blood granulocytes and mono-
cytes/macrophages which in patients with UC show acti-
vative behaviour and increased survival time can be pro-in-
flammatory and are not counteracted by anti-inflammatory 
cytokines during active UC. Depletion of  these leucocytes 
by GMA was associated with remission of  UC in most of  
the treated patients and a decline in circulating cytokines. 
These observations support the assumption that peripheral 
blood granulocytes and monocytes/macrophages influence 
the circulating levels of  cytokines, hence UC disease and 
should be appropriate targets of  the GMA therapy.
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