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a  b  s  t  r  a  c  t

The  modifications  of  the subsets  of  circulating  lymphocytes  were  evaluated  in  a group  of  patients  with
COPD  undergoing  treatment  with  a polyvalent  mechanical  bacterial  lysate  (PMBL),  a  drug  that  is  able
to significantly  modify  the natural  history  of these  patients.  Using  multicolor  immune-florescence  and
flow  cytometry,  T, B subsets  and  NK  cells  were  extensively  studied  both  in  the group  of  treated  patients
and  in  a disease  and  age  matched  controls.  Despite  the  age,  in treated  patients,  T and  NK  cells  were
significantly  increased  in  numbers  of circulating  cells,  but  not  in percentages,  while  B cells remained
unmodified.  CD3 +  4+  T cells  were  increased  in  treated  patients,  while  CD3  + CD8  T  cells  were  unmodified
by the  treatment.  Activated  T cells  were  increased  but  Treg,  resulted  reduced  both  in  percentage  than  in
absolute  numbers.  Transitional  B  cells  resulted  increased  (in percentage  and  in absolute  numbers)  in their
late maturation  step  (T3),  while  only  early  Naïve  B cells  were  increased  by  the  treatment,  while  other  naïve
herapy
mmune-stimulation

subpopulations  were  unmodified.  Memory  B  cells  were  reduced  in percentage  (but  remained  unmodified
as absolute  numbers),  while  the  most  immature  form  of  memory  B cells  was  significantly  increased.
Finally,  both  switch  memory  B cells  and  plasma  cells  resulted  unmodified  by the  PMBL  treatment.  These
results  clearly  indicated  that  the  administration  of  the PMBL,  even  in  elderly  patients  with  COPD,  was
able to  induce  a  significant  immune-stimulation  and  these  results,  at cellular  level, clearly  support  the
evidence  that the  mechanism  of  action  of PMBL  is  strictly  related  to  a  direct  effect  on  immune-competent

cells.

. Introduction

Chronic obstructive pulmonary disease (COPD) is a state char-
cterized by airflow limitation that is preventable and treatable
ut not fully reversible and usually progressive. The pathogenesis
f COPD is characterized by chronic inflammation throughout

he airways, parenchyma, and pulmonary vasculature. Patients
ith COPD are prone to exacerbations, defined as a change in

he patient’s chronic respiratory symptoms sufficient to warrant
 change in management [1].  These exacerbations account for
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significant morbidity and mortality and are a key determinant of
health-related quality of life [2].  The etiology of the disease is not
completely understood however, interestingly, the lower airways
of 25–50% of mild and moderate COPD patients are colonized
by bacteria, in particular non-capsulated Haemophilus influenzae,
Streptococcus pneumoniae, and Moraxella catarrhalis [3,4] whereas
in severe COPD, requiring mechanical ventilation, gram negative
bacilli and Pseudomonas aeruginosa are more frequent [5].

More recent observations have shown that the administration
of Polyvalent Mechanical Bacterial Lysate (PMBL) may  significantly
influence the evolution of COPD particularly in elderly patients.
Indeed, over the last 10 years, several Authors have described the
positive effect of PMBL administration in patients with respiratory

tract infections and COPD [6–14]. Based on these clinical findings,
other Authors have postulated that a strong rationale exists for the
use of PMBL [15,16]. Despite the extensive use of bacterial lysate
in clinics, the effects of this treatment on the immune system are
only partially known. For instance, it has been demonstrated that
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he administration of PMBL causes the secretion of IgM, IgG and IgA,
pecific for PMBL antigens in the salivary fluid [7,14]. Functionally,
hese saliva antibodies displayed opsonizing capacities, shedding

 light on the mechanism of action of PMBL [14]. Additionally, a
ignificant correlation between the induction of a specific immune
esponse and improvement of clinical conditions was also observed
n the same group of patients [14]. More recent findings have shown
hat PMBL, which comprises a mixture of bacterial strains, is more
ctive than the single bacterial components [17]. Furthermore it
as been shown that PMBL is not only able to induce in vitro the
aturation of monocyte-derived dendritic cells (DC), but also the
aturation of circulating DC as well as the maturation of plasmacy-

oid DC through a by stander effect [17]. All this evidence suggests
hat PMBL induces the activation of both the innate and the adaptive
rms of the immune-system, resulting in the induction of the secre-
ion of specific immunoglobulins directed to PMBL antigens. In this
ontext, a role of certain B cell subsets has already been observed
18,19]. Nonetheless, the fine cellular mechanisms responsible for
he enhanced immunoglobulin secretion still needs to be clarified.
hus, this present study was conducted in order to better under-
tand the effects on circulating B, T and NK cell subsets, associated
ith PMBL administration.

. Materials and methods

.1. Patients and sample collection

Twenty-eight patients were recruited to this study which was
n fact an ancillary study to a much larger multicentre double
lind, placebo-controlled, parallel-designed clinical trial in which
atients were randomized to daily receive either PMBL or Placebo.
riefly, patients 40 years or older with documented moderate,
evere and very severe COPD and a WHO  performance status of
.1 or 2 were eligible for inclusion into this study. The study was
onducted in accordance with the Declaration of Helsinki and
pproved by the Ethics committee of the University of Genoa. All
atients gave written informed consent prior to participation in the
tudy. During the study, antibiotics were allowed in case of fever or
n case of acute exacerbation. Furthermore these patients received
he best possible COPD maintenance therapy (in compliance with
he GOLD 2006 guidelines) including the latest generation of bron-
hodilators (such as Tiotropium), mucolytics, anti-inflammatory
rugs and loco-regional steroids [20]. The only difference was  the
dministration of PMBL in the treated group. Although 28 patients
ere recruited to this study, patient withdrawal or blood specimen

nadequacy resulted in the analysis of samples from 22 patients
9 females 13 males) aged 65–89. Of these patients 9 were female
nd 13 were male, 11 were treated with PMBL and 11 were treated
ith placebo. The study design was as follows: a cycle of 90 day

reatment wherein the first 10 days of each 30 day period 1 tablet
f either PMBL or placebo was given. This was followed by a 90 day

rest’ period (no treatment). Blood specimens were taken before
he beginning of treatment (T0), at the end of the treatment cycle
T90) and at the end of the ‘rest’ period (T180). Briefly, in order to
valuate whether a biochemical-evident toxic effect or an adverse
eaction occurred in the course of the treatment with PMBL, blood
ell counts and differential were measured using a routine blood
ell analyzer (ADVIA 1210, Siemens, Milano, Italy). The same
DTA-treated tubes were also used to evaluate the modification

f peripheral blood lymphocyte populations and subsets during
reatment. Peripheral Blood Mononuclear Cells (PBMCs) were iso-
ated from EDTA-treated blood by Ficoll–Hypaque density gradient
entrifugation and stored frozen. These tests were performed
nce the last patient had completed the ancillary study and after
hawing.
etters 149 (2013) 62– 67 63

a.  Identification of lymphocyte populations and relevant subsets.
Multicolor immunofluorescence staining for flow cytometric
analysis was performed by incubating PBMCs with monoclonal
antibodies (mAb) in PBS 1% FCS on ice for 20 min after block-
ing with human IgG for 20 min. Cells were washed in PBS
1% FCS and fixed in PBS/1% paraformaldehyde before analy-
sis on a dual-laser FACSCalibur (BD Biosciences) or three-laser
11-color FACSAria (BD Biosciences). The following monoclonal
antibodies were used: CD19-APC-cyanin(Cy)7, CD10-PE/Cy7,
CD5-FITC, CD21-APC, CD24 PE, IgD FITC, CD20 APC-H7, CD25
PE-Cy7, CD127 PERCP-Cy5 from Becton Dickinson, Milano, Italy;
CD27-PerCP/Cy5, CD19-PE-Cy7, CD38 PC5, CD20-PE, CD3 APC,
CD4 FITC, CD8 PE, CD56 PE, CD19 FITC and CD14 FITC from
Beckman-Coulter, Milano, Italy; anti-human immunoglobulin
IgM, IgG, and IgA-Cy5 from Jackson Immuno-Research Laborato-
ries from Listarfish, Milano, Italy and CD45 VioBlue from Miltenyi
Biotech, Bologna, Italy. The following cell staining patterns were
planned to enumerate the different lymphocyte populations
and sub-populations: (A) CD19/CD24/CD38/CD21/CD5/CD10;
(B) CD19/CD27/IgM/IgD/CD20; (C) CD45/CD19/CD3/CD56; (D)
CD3/CD4/CD8/CD25/CD127. An example of cell gating is shown
in Fig. 1. In certain experiments, non-B cells were excluded
by a combination of the CD3, CD14, CD16, and CD56, all
labeled with APC-Cy7. Transitional B cells [21] were identi-
fied as CD19 + CD24highCD38high and the differential expression
of CD5 and CD21 allowed to discriminate among the three
subsets: T1 stage: CD5high/CD21−; T2 stage: CD5+/CD21+; T3
stage: CD5−/CD21+ [22]. Of note T1 may  be considered the
early transitional while T3 the late transitional B cells. Clas-
sical mature naïve B cells were defined as CD27−, IgD+, IgM+

cells after electronically gating on CD19+ cells [23,24]. Mem-
ory B cells were identified according to the expression of CD27
[25] in: (1) IgG+/IgA+ cells, representative of the subset switched
arising from T cell dependent reactions, (2) IgM+ only B cells
containing somatic hypermutation and (3) IgM+/IgD+ natural
effector B cells [26]. Finally circulating plasma cells, detectable
in the peripheral blood at low levels [27] were defined as
CD19+/CD20−/CD27high cells. T cells were identified as CD3+

cells and relevant subpopulations were identified as CD3+/CD4+

cells, or CD3+/CD8+ T cells. The fraction of T cells expressing
the CD25 surface antigen (the IL2-receptor) was also identified,
while CD3+/CD4+/CD25+/CD127+ cells that, in the absence of
more accurate functional data, may  be considered as represen-
tative of a population of regulatory T cells (Treg) [28] were also
measured. Finally, the very large majority of circulating Natu-
ral Killer (NK) cells were identified as CD3−/CD56+ (bright and
dull) lymphocytes, being the CD3−/CD56− subset negligible in
most donors. Due to the extremely low number of cells obtained
in these elderly patients and to the freezing procedures pro-
vided during the study, the possibility of any functional test on
circulating lymphocytes was  “a priori” ruled out.

b. Statistical analysis. Different comparisons were performed on
both percent and absolute results, by using the Mann–Whitney
(MW)  test available on the PAST statistical freeware. First, for
each phenotype, the absence of significant differences between
treated and controls were assayed on time 0 samples. Then,
because of the small number of patients in the two groups
and the great (and expected) heterogeneity of the phenotypic
results, the results of all samples collected during the whole
treatment period were also compared. In this context, it was evi-
dent that sampling at 90 and 180 days from the beginning of the

therapy was  totally arbitrary. Thus, for a given phenotype, the
distribution of results obtained during the treatment in PMBL
patients was compared with that of the placebo-treated control
group and the presence of a significant difference (if any) was
recorded. In addition, the modifications of the median results,
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Fig. 1. Gating strategy for the identification of different B cell subsets. In panel A transitional B cell subsets have been defined according to the expression of CD19, CD24,
CD38,  CD21 and CD5 as: Transitional 1 (T1), CD19+ CD24high CD38high CD5+ CD21− , transitional 2 (T2) CD19+ CD24high CD38high CD5+ CD21+,transitional 3 (T3) CD19+

CD24high CD38high CD5−CD21+. Naïve B lymphocytes and IgM memory B cell subsets have been enumerated according to the expression of CD19, CD27, IgM and IgD: naïve B
l D27+ I
B 27, Ig
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ymphocytes CD19+ CD27− IgM+ IgD+, natural effector IgM memory B cells CD19+ C
 cells have been defined in panel C and D according to the expression of CD19, CD
ctivated CD4 T cells have been enumerated by the quantification of CD25 positive T
D56  (panel F). Gates included also monoclonal antibodies that were not further di

representative of an increase or a decrease of a subset percentage
or absolute number, were also calculated. Using this approach,
the effects of PMBL administration on the treated group was
accurately defined.

. Results

The PMBL group samples at time 90 were obtained after a
edian 101 day interval after time 0 (ranging from 96 to 119 days)

nd, for time 180, after a median 188 days interval after time 0
ranging from 174 to 201 days).

Similarly for the Placebo group samples at time 90 were
btained after a median 96 day interval (ranging from 33 to 119
ays) and for time 180 after a median 183 days (ranging from 138
o 201 days). These differences were not statistically significant.

edian lymphocyte counts of all samples (pre and post treatment)
ere similar: 1654 mm−3 in the placebo controls and 1925 mm−3

n the PMBL treated group (MW  442, p = 0.19; NS). White blood
ells, total lymphocytes, T, B and NK cells pre-treatment results
ere not significantly different in time 0 samples of PMBL treated
atients and placebo controls (not shown). Flow cytometry anal-
sis detected a highly homogeneous population of lymphocytes
sing physical characteristics (FS and SS). Indeed, the median per-
entage of CD45+ cells was 97.9% for the placebo control group
nd 98.5% for the PMBL treated group. The sum of T lympho-
ytes, B lymphocytes and NK cell percentages, used as a quality
ontrol for the phenotypic analysis, was 94.5% (ranging from 80.1
o 98.9%). Percentages lower than 90% were further analyzed and
ere found to be due to a contamination of small CD14+ mono-

ytes. With reference to these results, all other percentages were
hen calculated. The results of T, B and NK cell populations and

ubsets in PMBL or placebo control treated patients are shown
n Table 1 (percentage results) and in Table 2 (absolute results).
s stated in the Material and Method section, results of samples
btained at time 90 and 180 were pooled together for both PMBL
reated and placebo controls. Then, for every subset, the results
gM+ IgD+ and IgM memory only CD19+ CD27+ IgM+ IgD− (panel B). Switch memory
G/A and IRTA. Plasma cells have been defined as CD19+ CD27highCD20− (panel D).

 (panel E). NK cells have been defined according to the expression of CD45, CD3 and
d in this work.

of treated patients were compared with those of placebo controls.
No differences were observed between the two treatment groups
in percentage results of T, B and NK cells. Whereas the absolute
numbers of both T and NK cells were significantly raised (+24%
and +56%, respectively) in PMBL treated patients, B cells remained
unmodified. This was due both to the increase of the median num-
ber of circulating lymphocytes (+13%, see before) and to the non
significant increase of circulating B cells (162 cells/mm3 for placebo
control vs 248 cells/mm3 for PMBL treated group, p = 0.37, NS). With
regards to the T lymphocyte subpopulations, CD3+CD4+ T cells were
increased in treated patients, while CD3+CD8+ T cells were unmo-
dified by the treatment. Of note, T cells expressing the CD25 were
increased but Treg, identified only on the basis of surface phenotype
as CD4+/CD25+/CD127+, resulted in a reduction both in percent-
ages and in absolute numbers. The behavior of B cells was also
heterogeneous: indeed, transitional B cells resulted in an increase
(in percentage and in absolute numbers) in their late maturation
step (T3) (Fig. 2), while only early naïve B cells were increased in the
PMBL treated group, and other naïve subpopulations were unmo-
dified. Memory B cells were reduced in percentage (but remained
unmodified as absolute numbers), while the most immature form
of memory B cells was  significantly higher than the same popula-
tion in placebo controls. Finally, both switch memory B cells and
plasma cells were unmodified by the PMBL treatment. All these
results were observed in the two  populations of patients (PMBL
and placebo treated) that were virtually identical in the samples
evaluated before the beginning of the study.

4. Discussion

The objective of this study (ancillary study to a much larger

clinical study) was to investigate the mechanism of action of
PMBL in patients with COPD, focusing on phenotypic analysis
of circulating B, T and NK cell subsets. Of note, the isolation on
a discontinuous gradient, the freezing and thawing procedures,
associated with the small number of circulating B cells in elderly
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Table 1
Phenotypic analysis of T, B and NK cell populations and subsets in COPD patients treated with PMBL and matched controls: percent values.

Phenotype Description � Median placebo Median treated MW p

CD45 Total WBC  = 97.95 98.5 390 0.140
CD3+ 1 T  lymphocytes = 67.5 71.9 393 0.050
CD19 1  B lymphocytes = 11.6 13.8 377 0.030
CD3-CD56+ 2 NK cells = 10.4 9.1 464 0.310
CD3  + 4 + 8− 2 T cell subset ↑ 31 42 248 0.000
CD3  + 4–8+ 2 T cells subset = 12.9 14 541 0.970
CD3  + 4 + 25 + 127 2 T-reg ↓ 2.65 0.7 338 0.010
CD3  + 25+ 2 T cell subset = 0.6 0.7 444 0.270
CD19  + 24 + 38+ 3 Total transitional B = 3.2 5.7 173 0.290
CD19  + 24 + 38 + 5–21− 4 T1 = 45.5 43.1 186 0.450
CD19  + 24 + 38 + 5 + 21+ 4 T2 = 20 21.7 214 0.960
CD19  + 24 + 38 + 5–21+ 4 T3 ↑ 8.23 19.2 124 0.010
CD19  + CD27− 3 Naïve B cells = 6.8 6 481 0.680
CD19  + CD27-IgD only+/− 5 Late naïve B cells = 2.5 2 455 0.580
CD19  + CD27− 5 Naïve B cells = 77.4 71.4 398 0.130
CD19  + CD27-IgM only+/− 5 Early naïve B cells ↑ 6.7 8.7 360 0.004
CD19  + 27+ 3 Memory B cells ↓ 2.5 1.6 384 0.012
CD19  + 27 + IgD only + + 6 “Late” Memory B cells = 5.31 6.32 439 0.730
CD19  + 27 + IgM ++ 6 Total memory B cells ↓ 40 16 238 0.001
CD19  + 27 + IgM only + + 6 Early memory B cells ↑ 11.3 33 234 0.000
CD19  + 27-IgG + A+ 3 CD27− Switch memory B cells = 25.1 20.2 397 0.080

=
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CD19  + 27 + IgG + A+ 3 CD27+ Switch memory B cells 

CD19  + 20–27+ 1 Plasma cells 

,  observed modifications; MW,  Mann–Whitney statistics. p, significance. (1) per
ransitional cells; (5) percent of Naïve B cells; (6) percent of memory B cells.

atients (age ranging from 65 to 89), partially reduced the number
f lymphocytes available for the study. For this reason, only
n accurate phenotypic analysis could be performed. However,
he PMBL treated and the placebo treated patients were highly
omparable for age distribution, gender, severity of the disease and
ccurrence of exacerbations before the study. All patients were
reated with the best therapeutic protocol available, with the only
ifference being the administration of PMBL. It is well known that
lderly patients are characterized by a small number of circulating
ymphocytes and, in particular, a reduced pool of circulating B cells
29]. Nevertheless, in previous works, the administration of PMBL

n patients with recurrent respiratory tract infections induced the
ecretion of IgA specific to the administered bacterial antigens in
he salivary fluid of >70% of treated patients, independent of the
atient’s age. Additionally, in a similar study, an up-regulation
f expression of CD25, the mobilization of both CD3+CD4+ and

able 2
henotypic analysis of T, B and NK cell populations and subsets in COPD patients treated 

Phenopyte Description � 

CD45 Total WBC  = 

CD3+  T lymphocytes ↑ 

CD19  B lymphocytes = 

CD3-CD56+ NK cells ↑ 

CD3  + 4 + 8− T cell subset ↑ 

CD3  + 4–8+ T cell subset = 

CD3  + 4 + 25 + 127 T cell subset ↓ 

CD3  + 25+ T cell subset ↑ 

CD19  + 24 + 38+ Total transitional B = 

CD19  + 24 + 38 + 5–21− T1 = 

CD19  + 24 + 38 + 5 + 21+ T2 = 

CD19  + 24 + 38 + 5–21+ T3 ↑ 

CD19  + CD27− Naïve B cells = 

CD19  + CD27-IgD only+/− Late naïve B cells = 

CD19  + CD27− Naïve B cells = 

CD19  + CD27-IgM only+/− Early naïve B cells ↑ 

CD19  + 27+ Memory B cells = 

CD19  + 27 + IgD only + + “Late” Memory B cells = 

CD19  + 27 + IgM ++ Total memory B cells ↓ 

CD19  + 27 + IgM only + + Early memory B cells ↑ 

CD19  + 27-IgG + A+ CD27− switch memory B cells = 

CD19  + 27 + IgG + A+ Cd27+ Switch memory B cells = 

CD19  + 20–27+ Plasma cells = 

ee also Table 1.
 7.6 7.3 521 0.930
 0.9 1.2 476 0.500

f CD45+ cells; (2) percent of CD3+ (3) percent of CD19+ cells; (4) percent of total

CD3+CD8+ and the secretion of relevant cytokines were observed
after PMBL administration [18]. Furthermore, it has been shown
that IgM+ memory CD24+CD27+ B cells were increased in periph-
eral blood of PMBL treated patients and that this modification was
related to the effect of PMBL treatment on recurrent respiratory
tract infections [19]. Despite these already published results, the
phenotypic findings observed in our group of treated patients
were partially unexpected in such a population of elderly patients.

Of course, the most immature precursors of B lymphocytes could
not be analyzed in the peripheral blood and for this reason, precur-
sor cells, pre-B and pro-B lymphocytes (normally absent in the pool

circulating cells) were not evaluated in our study. Thus, transitional,
naïve, memory, switch memory and plasma cells, being detectable
(even at extremely low numbers) in the peripheral blood, were
studied. Notably, despite the patients’ age, the cells of the immune
system were able to respond to the administration of PMBL in a

with PMBL and matched controls: absolute values (cells/mmc).

Median placebo Median treated MW p

1542 1685 409 0.080
1045.2 1291 339 0.008

162.1 248.3 474 0.370
162 251 368 0.010
470 847 237 0.001
250 291 460 0.280

46 13 474 0.014
9.5 14 347 0.010

43.6 92.2 153 0.120
20 39.7 150 0.100

7.1 20.8 167 0.220
3.4 27.7 112 0.011

81.9 105.7 498 0.850
2.6 2.8 477 0.790

60 75.5 449 0.400
5.6 11.7 310 0.010

38.1 32.8 471 0.710
2.4 2.2 390 0.280

12.8 4.3 281 0.015
3.9 9.9 216 0.001
2.8 3.5 511 0.800
0.2 0.4 479 0.520

16 21.5 418 0.210
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ig. 2. Evolution of transitional B cells during the treatment. T1 were well represe
fter  180 days of treatment, T3 represented the main population.

ery sharp manner. In fact, the changes observed in this phenotypic
tudy (such as the increase of a given subset) could be attributed
o a proliferation, a mobilization or an arrest in the differentiation
t a given step. Although the methods used in this study are effec-
ive in describing the cell surface expression of relevant markers,
hey do not allow us to establish the mechanism by which these
ncreases occurred. Additionally, as stated before this analysis was
urther hindered by the poor number of circulating lymphocytes
nd the freeze-thawing procedures used to synchronize the phe-
otypic analysis. Thus, it was not possible to define the functional
easons for the modifications observed in treated patients. Never-
heless, the constant observation that PMBL treatment induces the
ecretion of specific anti-bacterial IgA antibodies supports the idea
hat a functional activation of the immune response is induced in
he large majority of treated patients.

In the context of the modifications observed, late transitional B
ells (T3) results increased both from an absolute and percentage
oint of view in the blood of PMBL treated patients. In the absence
f direct functional data, a possible explanation for the increase
n number of late transitional B cells could be that the reservoir
f transitional B cell, which could be induced in maturation up
o plasma cells, was enlarged. The following maturation step,
epresented by naive B cells, was characterized by a significant
ncrease (in terms of percentage of cells and absolute numbers) of
he youngest subset (the IgM+ only) of naive B cells. Early memory

 cells were also expanded, while late memory and switch memory
 cells were reduced. Interestingly, also plasma cells were not

ncreased in the peripheral blood. All these features, even in the
bsence of functional data, are representative of an unexpected
lasticity of B cell compartment in elderly patients, even if the
ne mechanism (proliferation, a mobilization or an arrest in the
ifferentiation) remain unknown.

It may  also be hypothesized that all these modifications on B
ell subpopulations might be driven by effector T cells. Indeed,
D3+/CD4+ T cells were increased in the peripheral blood of
reated patients, while other T cell subsets (such as CD3+/CD8+ and
D3+/CD25+T cells) were unmodified in our study group. Another

nteresting observation was that CD4+/CD25+/CD127+ T cells, in the
bsence of functional studies, may  be considered as representative
f regulatory T cells, were decreased in PMBL treated COPD patient.
n this context, it seems very intriguing that a cohort of patients
reated with PMBL, that developed specific anti-PMBL antibodies in

he salivary fluid, reduced the regulatory mechanisms that could,
t least in part, impair the quality or the entity of the Ig medi-
ted immune-response. Finally, the increase of NK cells seems to be
nother extremely relevant activity of PMBL. Indeed, to the Authors
nowledge, no drugs able to increase circulating polyclonal NK cells
before the beginning of the administration of PMBL, then slowly disappeared and

have ever been described. Thus, the enlargement of the circulat-
ing innate compartment could be another positive mechanism of
action induced by PMBL.

The Authors are aware that the administration of an antigen,
such as PMBL, induces the recruitment of a very small subset of
effectors, such as T and B lymphocytes expressing specific antigen
receptor. For this reason, many of the above mentioned obser-
vations cannot “per se” be explained only by the recruitment of
specific effectors. Along this line, considering that specific effectors
have a low frequency (ranging from 1:10,000 to 1:50,000 cells),
the 20% increase of a given subset is too high to be explained
by a specific reaction. Nevertheless, it is unquestionable that all
the modifications observed in PMBL treated patients (and not
observed in placebo controls) were real and statistically signifi-
cant. In an attempt to explain these facts, it should be considered
that PMBL may  have a polyclonal activity, thus recruiting other
cells besides the few expressing a specific receptor. The poly-
clonal activity seems to be important in suggesting that an efficient
immune response was raised by the treatment not only toward
pathogens present in the PMBL but also to other microbes and
viruses.

The activity of PMBL on the immune system is the result of a
coordinated effect on different arms of the immune system. Indeed,
PMBL induce the maturation of different subsets of DC (playing
a leading role on innate immunity) and it is well known that DC
have strict relationships with specific T and B cell (belonging to
the adaptive immunity) as well as with NK cells, a prototype of
cells belonging to innate immunity [30,31]. Following interaction
with DC, T and B cells are recruited and the result is the production
of antibodies (another product of adaptive immunity) that only in
the presence of granulocytes (belonging to the innate immunity)
expressing low affinity Fc receptors, can be armed and, thus, can
efficiently kill living bacteria after opsonization [14].

The immunological effects of PMBL in treated patients have only
been partially described in the past. In conclusion the capacity of
PMBL to recruit selected subsets of T and B cells, and, in addition, to
significantly increase the number of circulating NK cells has been
demonstrated. The combined effects of both innate and adaptive
immune-response seem to be the mechanism of action of PMBL
not only in adults with upper and lower respiratory tract infections
but also in elderly patients with severe COPD.
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