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Abstract: Guillain-Barre syndrome (GBS) is an autoimmune disease of the nervous system and is the most common acute polyneuropathy. Both cellular and

humoral immunity are believed to be involved in the pathogenesis of GBS, and various types of activated CD4+ T cells are thought to orchestrate the onset and
progression of GBS. Lymphoplasma exchange (LPE) filtering out activated lymphocytes while exchanging plasma has been used for GBS treatment for years.
However the treatment is still not yet optimal. In order to assess the efficacy of this treatment, we evaluate the effect of LPE and determine the appropriate frequency
of LPE treatments for GBS patients through comparing the neurological deficit scores and the changes in related immunology indicators of GBS patients before
and after LPE treatment. Twenty-four patients with GBS who received LPE were evaluated for immunologic indicants before treatment, on the second day, and the
fourth day after the treatment. The immunoglobulin complement and CD4" T lymphocyte subsets were tested by flow cytometry. The patients’ Medical Research
Council sum scores were increased from 25.7+10.4 up to. 36.7+10.4 (P=0.019) and their Hughes scores decreased from 3.7+0.76 to 3.1+0.73 (P=0.027) at 7 days
after LPE. In the peripheral blood from patients received LPE treatment, the levels of immunoglobulin, complement, monocytes and fibrinogen were significantly
reduced. The percentages of Thl and Th17 cells in the CD4+ T lymphocyte subsets were significantly decreased, whereas the Th2 and Treg cells were increased in
patients after treatment. The changes in CD4'T lymphocyte subsets were correlated with patient MRC score changes. Our data indicate that LPE is effective in trea-
ting GBS patients by directly removing immunoglobulin, complement, monocytes, and fibrinogen as well as regulating lymphocyte subsets in the peripheral blood.

\Key words: Lymphoplasma exchange; Guillain-Barre syndrome; Clinical efficacy; T lymphocyte subsets; Percentage of monocytes; Fibrinogen. /
Introduction cal functions, CD4" T cells are categorized as Th1, Th2,
Th17 and Treg cells. Under physiological conditions,

Guillain-Barre syndrome (GBS) is an autoimmune the levels of Thl and Th2 cells are in a dynamic ba-
disease of the nervous system, and the most common lance. Multiple studies have demonstrated that the Th1/
acute polyneuropathy. GBS affects the peripheral ner- Th2 ratio in peripheral blood is increased in GBS pa-
vous system with an annual incidence of approximately tients (4). Cytokines secreted by Th1 cells such as [FN-y
0.6-4.0 per 100,000 people (1). Ascending paralysis, and IL-2, play an important role in the breakdown of the
defined as weakness beginning in the feet and hands and blood-brain barrier, the blood-nerve barrier and the loss
migrating towards the trunk, or descending paralysis, of the myelin sheath. GBS patients tend to have a poor
defined as weakness moving from the proximal regions prognosis if their levels of soluble IFN receptors or IL-2
to the distal regions, are the most common symptoms of receptors are significantly increased in the peripheral
GBS. In most patients, the disease course is self-limited; blood at the acute stage (5), suggesting that Thl cells
the symptoms peak within two weeks and recover within may be the main effector cells that mediate peripheral
several weeks to months. However, the mortality rate nerve injury in GBS patients. Studies have demonstrated
secondary to acute paralysis of the respiratory muscles that increasing numbers Th2 cells are related to recove-
remains 1.7%-5%. Timely and effective treatment in the ry in experimental autoimmune neuritis (EAN), a GBS
acute phase is therefore crucial in clinical practice (2). animal model, suggesting that increased Th2 cells are a
Both cellular and humoral immunity are generally protective factor of the immune response in EAN (6).
believed to be involved in the pathogenesis of GBS, The relationship between Th17 cells and autoimmune
and various types of activated CD4" T cells orchestrate diseases has been under extensive investigation. Studies
the onset and progression of GBS (3). CD4" T cells are have confirmed that Th17 cells play an important role in
capable of attracting and activating other immune cells, the pathogenesis of many conditions, including multiple
including CD8+ T lymphocytes, B lymphocytes, neu- sclerosis, inflammatory bowel disease, and rheumatoid
trophils and macrophages. Based on their immunologi- arthritis (7-9). Treg cells which expressing the transcrip-
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tion factor forkhead box protein 3 (FoxP3) are a specific
subtype of immune suppressive cells that suppress the
activation, proliferation and effector functions of va-
rious effector immune cells, especially inhibit effector T
cell proliferation and therefore restrain the development
of excessive immune responses (10,11). Reduced levels
or an impaired function of Tregs have been described in
human patients with GBS (12-14) and CIDP (15,16). In
corresponding animal models, previous studies have de-
monstrated that in GBS patients, the Th17/Treg ratio is
imbalanced, such that Th17 cells are hyperactive, whe-
reas Treg cells are decreased. One study on Th17 cells
and EAN (17) reported that the level of Th17 cells is
elevated initially and decreases as symptoms improve,
suggesting that Th17 cells are involved in the pathoge-
nesis of GBS. Pritchard et al. (18) demonstrated that in
GBS, Treg cells are significantly reduced, leading to
loss of inhibition of CD4" T cells and potentially pro-
moting disease development. Research on the function
of Th17 and Treg cells in GBS has been limited, and
most studies are based on animal models.

Plasma exchange (PE), is used in the treatment of
GBS for years (19). In the past years, there are several
papers regarding the application of PE in the therapy
of neuroimmunological disease as well as in other au-
toimmune disease. However, the application of PE in
GBS has rarely been reported (20-22), moreover, the
mechanism of the therapeutic effect seldom been inves-
tigated. Lymphoplasma exchange (LPE) is a relatively
new blood transfusion technology which was developed
from PE recently. Compare to regular PE, LPE not only
removes pathological substances from patient plasma
but also selectively eliminates the immuno-competent
cells of PBMC, especially lymphocytes which are the
main source of these pathological molecules (23). The-
refore, it is taken for that the effects of LPE are rela-
tively long-lasting relative to PE. At present, there is
no English literature on the treatment of GBS by the
LPE, let alone the mechanism of LPE in the treatment
of GBS.

The clinical evaluation of GBS relies on two sco-
ring systems: the Hughes score (2,3) and The British
Medical Research Council (MRC) score. The Hughes
score is based on the evaluation of walking and physi-
cal exertion capacities, the requirement for mechanical
ventilation and other measures. While the MRC score,
a scale to grade muscle strength from 0 to 5 developed
by The British Medical Research Council, focuses on
specific assessments, including bilateral shoulder ab-
duction, forearm flexion, wrist extension, thigh flexion,
knee extension, and foot dorsiflexion force. Since the
MRC assigns the strength scores of 6 muscle groups bi-
laterally, it is a more exact reflection of the neurological
deficit of the patient and is likely more sensitive than the
Hughes score in this regard.

The present study compared the MRC and Hughes
scores before and after LPE treatment of GBS. Further-
more, we closely monitored the serum immune-related
indicators of GBS patients in groups, quantitatively eva-
luated the efficacy of the LPE treatment in GBS, and
investigated its therapeutic mechanism.

Materials and Methods

Patients and Specimens

Twenty-four patients who were diagnosed with GBS
based on the GBS Van der Meche FG 2001 and Waker-
ley BR 2014 (24,25). Revised criteria underwent LPE
at the Department of Neurology at Xiangya Hospital
of Central South University between 2014 and 2016.
There were 13 men and 11 women, with an average age
of 38.5 = 5.74 years. The exclusion criteria were as fol-
lows: peak time longer than 2 weeks; associated with
other autoimmune diseases; the administration of pulse
steroid therapy, high-dose intravenous immunoglobulin,
or plasma exchange therapy; and had contraindications
of lymph plasma exchange treatment. The average treat-
ment time was 7.5+1.8 days. Plasma samples were also
obtained from 12 healthy age and sex-matched control
subjects (NCs) (7 men, 5 women, 40.5+4.35 years old).
Written informed consent was obtained from all sub-
jects.

Treatment protocol

LPE treatment using COBE Spectra blood cell sepa-
rator, installed a white cell channel, the collection bag
replaced for the 3000ml big bag, using density gradient
centrifugation and photoelectricity technology, entering
the manual program when the lymphoid cells collected,
clipping the feedback channel of patients’autologous
plasma to make it into the collection bag along with pe-
ripheral blood mononuclear cell (PBMC) lymphocytes
is removed, while injectiing the fresh frozen plasma
from the clamp at the top left of heparin cap, which re-
infused to patient's body after confluence of the patient's
red blood cells.

When patients received LPE therapy, their autoanti-
bodies, alloantibodies, circulating immune complexes,
inflammatory mediators and other pathological subs-
tances in plasma were removed, at the same time, im-
munocompetent cells of PBMC which closely related
with various autoimmune diseases (AID) can also be
selectively removed, especially lymphocytes. Even all
the blood cells harmful to the body may be removed
together such as pathological plasma cells, antigen pre-
senting cells (APC), leukemia cells, tumor cells, alloge-
neic lymphocytes of GVHD patients, etc. To adjust the
number and concentration of the remaining lympho-
cytes at any time, the separator monitored the number
and concentration of the removed lymphocytes throu-
ghout the process of replacement.

Vital signs were monitored at the beginning and end
of each procedure, and patients were monitored for ad-
verse events during the apheresis procedures. Written
informed consent was obtained from all patients after
procedural risks were explained in detail before each
procedure. Possible adverse reactions to LPE, such as
allergic reactions, hypotension, and hypocalcemia, were
closely monitored. Oral calcium gluconate, non-Flana-
gan intramuscular injection, and intravenous injection
of dexamethasone were administered when necessary.
Electrocardiogram monitoring was performed in pa-
tients with concurrent cardiovascular diseases.

Indicators
The neurological deficit scores for all patients were
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scored pre-treatment and post-treatment (2 days, 4 days,
1 week, and 2 weeks). The Hughes scores (2,3) were
recorded as follows: 0, normal, no neurological deficit;
1, mild signs and symptoms, general physical labor; 2,
able to walk without help; 3, able to walk with help; 4,
requires the use of a wheelchair or bed; 5, requires me-
chanical ventilation; and 6, death. The MRC sum score
(0 to 5 scale) is based on the strength of six muscles
bilaterally as follows: shoulder abduction, forearm
flexion, wrist stretch, thigh flexion, knee extension, and
foot dorsiflexion. The total muscle score ranged from
0 (complete paralysis) to 60 (normal). The efficacy
evaluation standards were as follows: marked, Hughes
score returned to 0 or 1 within 2 weeks after treatment,
with the disappearance of cranial nerve palsy and other
clinical signs; improved, Hughes score improved 1 or 2
points, or the MRC score of at least two limbs improved
at least 1 point within 2 weeks after treatment; ineffec-
tive, the Hughes score and MRC score did not change
or declined, and no improvement in the bulbar paralysis
or the paralysis of respiratory muscles was observed.
Marked and improved scores were classified as effec-
tive.

Biochemical indicators: the levels of peripheral
blood immunoglobulins (IgG, IgA and IgM), comple-
ment (C3, C4), peripheral blood mononuclear cells
(PBMC:s), fibrinogen, and lymphocyte subsets were
evaluated prior to treatment and two days after the treat-
ment. Peripheral blood mononuclear cells (PBMCs)
were tested using a PC-based 5-part Auto Hematology
Analyzer (CLS-8800, China). The levels of peripheral
blood immunoglobulins and complements were tested
using an automatic biochemical-immune analyzer
(MY-B020, China). Fibrinogen was measured using a
fully automatic blood coagulation analyzer (STAGO,
France), and T lymphocyte subsets were quantified
using flow cytometry (BD, USA).

Flow cytometry

Five milliliters of peripheral blood samples from 12
GBS patients were obtained prior to the start of LPE
treatment and 2 days, 4 days, 1 week and 2 weeks after
LPE treatment, 12 healthy controls (age and sex-mat-
ched) . PBMCs were isolated by Ficoll density gradient
centrifugation, and the cell concentration was adjusted
to 2x10%ml. Mononuclear cells were stimulated with
phorbol 12-myristate 13-acetate (PMA) (50 ng/ml; Sig-
ma, St. Louis, MO, USA) and ionomycin (1 pg/ml; Sig-
ma) in the presence of Brefeldin A (10 pg/ml; Sigma)
for 4 h. For CD4" T lymphocyte subset analysis, Thl,
Th2, and Th17 cells were first incubated with FITC-
labeled anti-CD4 human antibodies for 20 min, fixed
and permeabilized with a Perm/Fix solution, and using
the following mouse anti-human monoclonal antibodies
(mAbs) and corresponding isotype control antibodies

Table 1. Changes in neurological deficit scores ( X +s).

(Abs) analyzed by flow cytometry: phycoerythrin- (PE-
) conjugated IL-4, phycoerythrin- (PE-) conjugated IL-
17A and Alexa Fluor 647-conjugated IFN-y and appro-
priate isotype controls of mouse immunoglobulin G1
(IgG1). For Treg analysis, cells were incubated with
Flourescein isothiocyanate isomer 1- (FITC-) conjuga-
ted anti-human CD4 antibodies and phycoerythrin- (PE-
) conjugated anti-human CD25 for 20 min at 4 °C in
the dark. After surface staining, the cells were permea-
bilized, fixed, and stained with Alexa Flour 647 anti-hu-
man Foxp3 according to the manufacturer’s instructions.
Isotype controls were used to correct compensation and
confirm antibody specificity. All antibodies were pur-
chased from BD Bioscience, NJ, USA. Flow cytome-
tric analysis was performed on a FACSCalibur cytome-
ter. Lymphocytes were gated according to their forward
and size scatter characteristic. Fluorescence signals
were collected in log mode. Ten thousand lymphocytes
were acquired for each sample. Data processing was
accomplished with CELLQuest software (BD).

Statistical analysis

The measurement data were analyzed using a va-
riance test, and comparison between two groups was
achieved using the independent sample t-test and cor-
relation analysis. Data processing and statistical ana-
lyses were completed using SPSS for Windows (ver-
sion 22.0). P-values <0.05 were considered statistically
significant.

Results

Changes in neurological deficit score

The MRC scores and Hughes scores of each patient
were significantly changed before and after treatment
(Table 1).

Changes in immunoglobulin and complement levels
and the percentage of monocytes and fibrinogen

The difference in immunoglobulin (IgG, IgA and
IgM) and complement (C3, C4) levels between pre-
treatment and post-treatment was statistically signifi-
cant (all P<0.05, Table 2). The percentage of mononu-
clear cells and fibrinogen after LPE revealed differences
relative to the levels before treatment and are statisti-
cally significant (all P<0.05, Table 3).

Changes in white blood cell counts in peripheral
blood of patients with LPE treatment

In order to clarify whether the LPE can effectively
remove lymphocytes, GBS patients’ peripheral blood
before and after treatment and the replacement fluid
were taken Five classification blood cell detection. We
focus on the number of white blood cells, lymphocytes
and monocytes, compared to the previous treatment seen

Subject n Pre-treatment

Post-treatment

2 days 4 days 1 week 2 weeks
Hughes 24 3.7+0.76 3.6+0.69 3.6+0.81 3.1+0.73" 2.8+0.77"
MRC 24 25.7+10.4 32.4+10.24 28.8+11.14 36.7+£10.4% 41.9+11.34

The neurological deficit scores for all of the patients were scored pre- and post-treatment. *P=0.027 (1 week) and P=0.021 (2 weeks)
versus before treatment. “P=0.025 (2 days), P=0.037 (4 days), P=0.019 (1 week), and P=0.013 (2 weeks) versus before treatment.
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Table 2. Changes in immunoglobulin and complement levels ( X £s).

Subject N IgG IgM IgA C3 C4
Pre-treatment 24  8.9244.05 1.26+£0.34  2.57+0.55 0.79+0.13  0.17+0.03
Post-treatment 24 7.38+3.62° 0.93+£0.16° 2.03+0.51" 0.61+0.38" 0.13+0.02"
p value 0.017 0.032 0.028 <0.001 0.041

The immunoglobulin (IgG, IgA and IgM) and complement (C3, C4) levels in the patients’ blood both
pre- and post-treatment were tested by our hospital laboratory. ¥*P<0.05 versus before treatment.

Table 3. Changes in monocyte and fibrinogen levels ( X £s).

Subject Pre-treatment Post-treatment p value
PBMC count (10°/L) 3.31+0.55 2.53£0.61* 0.041
PBMC percentage (%) 39.94+6.83 30.57+£5.26* 0.026
Mononuclear cell count (10°/L) 0.65+0.17 0.42+0.16* 0.033
Mononuclear cell percentage (%) 8.72+0.54 5.34+0.71* 0.036
Fibrinogen (g/L) 3.96+1.01 2.42+0.75* 0.029

Dynamic monitoring of the patients’ monocyte and fibrinogen levels before and after lymphoplasma ex-

change was undertaken by examining their blood and coagulation functions. *P<0.05 versus before treat-

ment.

in peripheral blood lymphocytes and monocytes were
significantly decreased, with statistical significance.

Changes in CD4* T lymphocytes subsets

Because of experimental success rates and other rea-
sons, finally, only 12 cases of GBS patients did the flow
cytometry assy, therefore 12 controls were taken. Before
LPE therapy, the frequency of Th1 cells in GBS patients
was higher than in NC (29.23+7.56% vs. 16.84+5.73%,
p=0.027). Two days after therapy, the frequency of
Thl cells (21.34+5.08%) was obviously reduced
(vs.29.23+£7.56%, p=0.031) but remained higher than
in the NCs (vs.16.8445.73%, p=0.033). Four days after
therapy, the frequency (22.184+4.95%) was marginally
increased relative to two days after treatment which was
not statistically significant (vs.21.3445.08%, p=0.087),
although it is get statistically significant relative to NCs
(p=0.036). The frequency of Th2 cells in GBS patients
was lower than that of NCs (3.27+1.73% vs. 5.08+1.87%,
p=0.031) and increased two days(3.94+2.16%) and four
days (3.72+1.35%) after therapy, although the trend was
not statistically significant compared to the level before
LPE treatment(p=0.037).

The proportions of T-helper cells (CD4) were similar
in GBS patients and in NCs (p=0.084). The Th1/Th2

ratio in GBS patients was reduced two days after the-
rapy (5.68+1.35 vs. 9.2443.67, p=0.023) and slightly
increased four days after therapy (5.94+1.62, p=0.027).
All Th1 and Th2 levels and Th1/Th2 ratios were never-
theless higher than those in NCs (p=0.039, p=0.042,
Table 5).

In this study, PBMCs from GBS patients were ana-
lysed by staining of surface CD4 and intracellular T cell
cytokines. We selected typical flow cytometry picture,
visible in the control group, the frequency of Thl cells
and Th2 cells in CD4* T cells were 16.51% and 5.14%
(Figl-a, Fig2-a), while in GBS patients, the frequency of
Th1 cells increased to 29.28% (Figl-b) and the frequen-
cy of Th2 cells decreased to 3.23% (Fig2-b). Two days
after LPE treatment, the frequency of Thl cells in
the peripheral blood of the same patient decreased to
21.28% (Figl-c), compared with before treatment are
statistically significant. Retest in the fourth day after
treatment, the frequency of Th1 cells recovered slightly
(22.%, Figl-d), but still decreased significantly com-
pared with before treatment. However, the frequency
of Th2 cells of GBS patient did not differ significantly
before and after LPE treatment (Fig2-b,c,d).

Before LPE therapy, the frequency of Thl17 cells
in GBS patients was higher than in NCs (1.94+0.61%

Table 4. Changes in white blood cell counts in peripheral blood due to replacement.

Subject Pre-treatment  Post-treatment Replacement fluid
WBC count (10°/L) 8.77+3.26 6.83+3.36 5.00+2.33
Lymphocyte count (10°/L) 2.57+1.32 1.97+0.27* 3.68+1.32
Neutrophil count (10%/L) 5.63+2.92 4.19+£2.20 1.16+1.22
Mononuclear cell count (10%/L) 0.65+0.17 0.59+0.08* 0.57+0.06

*t=3.7428 (lymphocyte post-treatment), 4.1735 (mononuclear cell post-treatment), P<0.05, versus before treatment.

Table 5. Changes in the frequency of Th1 and Th2 cells.

Subjects Cases CD4" T (%) Th1 (%) Th2 (%) Th1/Th2
Normal control (NC) 12 40.76+40.35 16.84+5.73 5.08+1.87 3.31+1.04
Pre-treatment 12 39.87+10.23 29.23+7.56% 3.27+1.73% 9.24+3.67%
Two days post-treatment 12 40.65+11.76 21.34+5.08" 3.94+2.16% 5.68+1.35™
Four days post-treatment 12 41.33+11.01 22.184+4.95™ 3.72+1.35% 5.94+1.62™

The percentages of Th1 and Th2 cells in the CD4+ T lymphocyte subsets were tested by FCS. *, versus pre-treatment; 2, versus NCs.
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strategy for the analysis of Thl lymphocytes. Dot plots shown
are representative of one healthy volunteer (a) and one patient
with Guillain-Barré syndrome (b,c,d). Lymphocytes were first
gated(denoted R1 in this figure) after heparinized peripheral
whole blood from all subjects stimulated for 4 h ex vivo with
phorbol myristate acetate (PMA) and ionomycin in the presence
of monensin. Then cells were gated on CD4* lymphocytes(denoted
R2 in this figure) and studied for expression of IFN-y. a, one
samples of normal control group; b, one day before treatment; c, 2
days after LPE treatment; and d, 4 days after LPE treatment. b,c,d
were the same patients blood sample in the GBS group treated by
LPE.

vs. 0.91£0.37%, p=0.032). Two days after therapy, the
frequency of Th17 cells (1.13+£0.28%) was lower than
which of before treatment groug but higher than NCs
group (P=0.037). Four days after therapy, the frequency
of Th17 cells (1.25+£0.49%) was recovered, but the dif-
ference did not reach statistical significance (P=0.068).
The frequency of Treg cells in GBS patients was lower
than in NCs (2.27+0.78% vs. 4.31+0.93%), and the dif-
ference was statistically significant (P=0.028). Two days
after therapy, the frequency of Treg cells (3.34+0.65%)
was lower than in NCs but higher than the levels prior
to treatment; the differences were statistically signifi-
cant (P=0.036). Four days after therapy, the frequency
of Treg cells (3.02+0.62%) was higher than two days
after treatment, but the difference was not statistically
significant (P=0.083).

The Thl7/Treg ratio in GBS patients was higher
than in NCs (0.89+0.37 vs. 0.21+0.06, P=0.026). Two
days after therapy, the Th17/Treg ratio (0.38+0.12) was
lower than prior to treatment but higher than in NCs
(P=0.033). Four days after therapy, the Th17/Treg ratio
(0.43+0.15) was slightly higher than the level two days
after treatment (P=0.071) (Table 6, Fig. 3&4).

The frequency of Th17 cells and Treg cells in CD4+

Table 6. Changes in the frequency of Th17 and Treg cells.

Figure 2. The changes of requency of Th2 cells by flow cytometry:
strategy for the analysis of Th2 lymphocytes. Dot plots shown
are representative of one healthy volunteer (a) and one patient
with Guillain-Barré syndrome (b,c,d). Lymphocytes were first
gated(denoted R1 in this figure) after heparinized peripheral
whole blood from all subjects stimulated for 4 h ex vivo with
phorbol myristate acetate (PMA) and ionomycin in the presence
of monensin. Then after gating on CD4" cells(denoted R2 in this
figure) , we detected the percentages of Th2 cells(CD4" IL4") . a,
one samples of normal control group; b, one day before treatment;
¢, 2 days after LPE treatment; and d, 4 days after LPE treatment.
b,c,d were the same patients blood sample in the GBS group

treated by LPE.

T cells of healthy people were 0.73% and 4.51% (Fig3-
a, Fig4-a), while in GBS patients, the frequency of Th17
cells increased to 2.24% (Fig3-b) and the frequency of
Treg cells decreased to 2.14% (Fig4-b).2 days after
LPE treatment, the frequency of Thl7 cells in the pe-
ripheral blood of the same patient decreased to 1.12%
(Fig3-c), and the frequency of Tregs increased to 3.43%
(Fig4-c), compared with before treatment are statistical-
ly significant. Retest in the fourth day after treatment,
the frequency of Th17 cells recovered slightly (1.25.%,
Fig3-d), but still decreased significantly compared with
before treatment. Meanwhile, the frequency of Treg
cells also recovered slightly (3.05.%, Fig4-d), compared
with before treatment are statistically significant.

Correlation analysis

Before LPE therapy, the numbers of Thl and Th17
cells and the Th1/Th2 and Th17/Treg ratios in GBS pa-
tients were inversely correlated with MRC scores (r=-
0.745, P<0.001; r=-0.692, P=0.004; r=-0.802, P<0.001;
and r=-0.764, P<0.001, respectively), whereas those of
Th2 and Treg cells were positively correlated (r=0.561,
P=0.042 and r=0.758, P=0.013, respectively).

Subjects Cases Th17 (%) Treg (%) Th17/Treg
Normal control (NC) 12 0.91+0.37 4.31+0.93 0.21+0.06
Pre-treatment 12 1.94+0.614 2.27+0.78% 0.89+0.37%

Two days post-treatment 12 1.134£0.28%* 3.34+0.65%2 0.38+0.12*
Four days post-treatment 12 1.2540.49* 3.02+0.62%4 0.43+0.15%*

The percentages of Th17 and Treg cells in the CD4+ T lymphocyte subsets were tested by FCS. *, versus before treatment; A, versus NCs.
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Figure 3. The changes of requency of Thl7 cells by flow
cytometry: strategy for the analysis of Th17 lymphocytes. Dot
plots shown are representative of one healthy volunteer (a) and one
patient with Guillain-Barré syndrome (b,c,d). Lymphocytes were
first gated(denoted R1 in this figure) after heparinized peripheral
whole blood from all subjects stimulated for 4 h ex vivo with
phorbol myristate acetate (PMA) and ionomycin in the presence
of monensin. Then cells were gated on CD4" lymphocytes(denoted
R2 in this figure) and studied for expression of IL-17. a, one
samples of normal control group; b, one day before treatment; c, 2
days after LPE treatment; and d, 4 days after LPE treatment. b,c,d
were the same patients blood sample in the GBS group treated by
LPE.

Two days after LPE therapy, the frequency of Thl,
Th2, Th17, and Treg cells and the levels of immuno-
globulin, complement, fibrinogen, PBMCs and mono-
nuclear cells in GBS patients were no longer correla-
ted with the MRC scores. The improvement in MRC
scores in GBS patients was correlated with the decrease
in the numbers of Thl, Th17, and Tregs as well as in
the Th1/Th2 and Th17/Treg ratios (r=0.653, p=0.043;
r=0.721, p=0.034; r=0.786, p=0.037; r=0.682, p=0.041;
and r=0.796, p=0.038, respectively). Additionally, the
improvement of the MRC scores in GBS patients was
correlated with the increase in the number of Treg cells
(r=0.786, p=0.037). The increase in Th2 cells was not
significantly correlated with the improvement of the
MRC scores.

Discussion

The principal pathological changes of GBS include
segmental demyelination and macrophage infiltration
of peripheral nerves. GBS is divided into several sub-
types based on electrophysiological and pathological
findings: acute inflammatory demyelinating polyneuro-
pathies (AIDP), acute motor axon neuropathy (AMAN),
acute motor-sensory axon neuropathy (AMSAN), Mil-
ler Fisher syndrome (MFS), acute pan-autonomous neu-
ropathy and acute sensory neuropathy.

The pathogenesis of GBS is not entirely clear. It is
generally accepted that both cellular and humoral im-
munity are involved in GBS, although to varying ex-
tents in different subtypes. For example, AIDP is prima-
rily mediated by cellular immunity. T cells activated by
currently unidentified pathogenic antigens penetrate the
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Figure 4. The changes of requency of Treg cells by flow
cytometry: After gating on CD4" cells(denoted R2 in this figure),
we detected the percentages of Treg cells (CD4" CD25" FoxP3") .
a, one samples of normal control group; b, one day before
treatment; c, 2 days after LPE treatment; and d, 4 days after LPE
treatment. b,c,d were the same patients blood sample in the GBS
group treated by LPE.

blood-nerve barrier and release pro-inflammatory cyto-
kines, including TNF-a, IFN-y and IL-2, which activate
macrophages to release Nitric Oxide (NO), matrix me-
talloproteinases (MMPs), and other toxic molecules to
directly damage myelin sheath. The differentiation of B
cells leads to the secretion of antibodies and the activa-
tion of complement, which can cause demyelination and
axonal degeneration (22). However, dysregulated hu-
moral immunity predominates in AMAN and AMSAN.
Anti-ganglioside antibodies (such as anti-GM, GMl a,
GM1b and GalNac-GD1a) activate complement, which
attract macrophages to the fiber myelin-axonal gap, lea-
ding to axonal damage and degeneration. In approxima-
tely 80%-90% of MFS patients, the serum anti-GQ1b
titer is highly elevated (26). The reason for the effecti-
veness of plasma exchange in treatment for GBS may
lay in the rapid elimination of pathological substances,
such as autoantibodies, alloantibodies, complement
components, circulating immune complexes, a variety
of cytokines, and endogenous and exogenous toxicants
in patient serum. However, traditional plasma exchange
does not remove activated inflammatory cells, such as
sensitized T and B lymphocytes and other immuno-
competent cells that produce pathological substances.
With the decline of antibody titers in the blood circula-
tion after plasma exchange, the removal of the feedback
inhibition of lymphocytes causes a ‘rebound’ produc-
tion of pathological materials within a short time. For
example, the activation and proliferation of B cells may
lead to rapid synthesis of antibody. The increased anti-
body production results in disease relapses (27). There-
fore, repeated multiple plasma exchanges are essential
to prevent antibody rebound. However, according to the
study by Yuki et al. (28), although the first and second
plasma exchanges can result in a 40-60% decrease of
immunoglobulin levels, there is no significant decrease
after the third exchange (22). In GBS, the optimal num-
ber of plasma exchange treatments has been addressed
in one large multicenter study (21). In this controlled
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non-blinded trial, 556 patients were randomized to three
groups according to their disability. Mildly affected pa-
tients were treated with zero or two plasma exchange
sessions, whereas moderately affected patients with two
or four affected muscles and severely affected (mechani-
cally ventilated) GBS patients received four or six plas-
ma exchange treatments. Two versus zero treatments in
the mildly affected patients and four versus two plasma
exchange sessions in the moderately affected patients
were more beneficial. More than four plasma exchange
sessions did not yield additional benefit in severely
affected patients. Yuki and colleagues (28) studied the
reduction of serum immunoglobulin levels and serum
anti-ganglioside antibody titers in GBS patients who
underwent plasma exchange treatment. Consistent with
the results from the aforementioned trial, serum immu-
noglobulin fractions decreased approximately 40-60%
after two sessions but did not decline substantially in
subsequent plasma exchange sessions.

LPE combines traditional plasma exchange with a
lymphocyte elimination technique, cannot only remove
the pathological materials in the blood but also eli-
minates activated T and B cells by removing PBMC,
consequently preventing the production of antibodies
and inflammatory cytokines. As a result, LPE is able to
significantly enhance the efficacy of plasma exchange
and prevent relapses (28,29). To further explore the me-
chanism of LPE, we monitored the changes in immuno-
globulin and complement levels before and after treat-
ment. Our results demonstrate that LPE reduced IgG,
IgA and IgM levels significantly. A similar trend was
also demonstrated for the levels of C3 and C4. These
data suggest that the mechanism of LPE may be asso-
ciated with the removal of pathological substances like
immunoglobulin and complements cells as well as some
immune active cells in the peripheral blood of GBS pa-
tients.

Extra-cellular matrix proteins, such as fiber-binding
protein and laminin, play an important role in the repair
of peripheral nerve injury. After a peripheral nerve is
injured, excessive fibrinogen leaks from blood vessels
and transforms into fibrin, thereby changing the compo-
sition of the extra-cellular matrix and affecting myelin
synthesis. A previous clinical investigation demonstra-
ted that a decline of >30% in fibrinogen concentration
had a significant relationship with lasting neurological
function improvement (30). In this study, fibrinogen le-
vels in the peripheral blood significantly decreased after
LPE therapy (see in Tab.3), indicating that the neurolo-
gical function improvement of GBS patients is partly
related to the removal of plasma fibrinogen and effec-
tive promotion of myelin regeneration.

Macrophages play an important role in the axo-

nal injury and peripheral nerve demyelination of GBS
patients. Previous studies (31) have demonstrated that
the presence of circulating mononuclear cells invading
myelin is an indispensable factor in GBS pathogenesis.
Macrophages can activate T and B cells to induce im-
mune responses through their efficient antigen-presen-
ting capacity, which indirectly leads to peripheral nerve
injury. Recently, Hu et al. (32) confirmed that IL-23
plays a key role in the effect phase of immune-mediated
demyelination of peripheral nerves, and both macro-
phages and T helper-1 cells are the source of IL-23 cells.
Our study found that the percentage of mononuclear
cells in the blood was significantly decreased after LPE
(Tab.3 and 4). Because lymphocytes and macrophages
are the major constituents of mononuclear cells, the de-
creasing percentage of mononuclear cells indicates that
LPE treatment of GBS may be related to the elimination
of monocytes in the blood which reduce the damage to
the peripheral nerves by macrophages and activated T
and B lymphocytes.

Previous studies demonstrated different outcomes
with the detection of GBS patients’ lymphocyte sub-
sets. A variety of immune cell subsets and a complex
network of cytokines are involved in the pathogene-
sis of GBS and EAN. Thl, Th2, Th17 and Treg cells,
the four common subsets of CD4" T cells, antagonize
or restrict each other by releasing their effector cyto-
kines. The unbalance of Thl and Th2 cells has a direct
relevance to autoimmune responses, which has been
observed in several autoimmune diseases, such as GBS
and multiple sclerosis (MS), an autoimmune inflamma-
tory demyelinating disease affecting the central nervous
systems (CNS) in humans. Our study found that before
treatment, the clinical symptom severity in GBS pa-
tients was positively correlated with Th1 cell frequency
and was negatively correlated with the frequency of Th2
cells, which is consistent with previous research (33,34).
Two days after LPE treatment, GBS patients exhibited
a decreased frequency of Th1 cells (Table 5& Figure 1),
and clinical score improvement was correlated with the
decreased frequency of Thl cells (Table 7&8). LPE is
able to quickly and effectively remove pathogenic anti-
bodies, complement components, and other inflamma-
tory factors in patients. In the present study, after LPE
treatment, CD4" T cells were polarized to Th2 instead
of Th1 differentiation. Thus, the Th1/Th2 cell ratio was
decreased and favored immune inhibition. The changes
in CD4" T lymphocyte subsets could be explained as
the decreased levels of pro-inflammatory cytokines by
LPE. Four days after treatment, Thl cells in the peri-
pheral blood of patients were mildly increased relative
to measurements after 2 days (Table 5& Figure 1), imp-
lying that a new round of inflammatory cell activation

Table 7. Correlation analysis between CD4+ T cell numbers before LPE and clinical scores.

Subject Cases Frequency Correlation coefficient (r) p value
Thl 12 29.23+7.56 -0.745%* <0.001
Th2 12 3.27+1.73 0.561 0.042
Th17 12 1.9440.61 -0.692%* 0.004
Treg 12 2.27+0.78 0.758* 0.013
Th1/Th2 12 9.24+3.67 -0.802* <0.001
Th17/Treg 12 0.89+0.37 -0.764* <0.001

The changes in the CD4+T lymphocyte subsets were also correlated with changes in the patient MRC scores. * P<0.05.
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Table 8. Correlation analysis between the frequencies of Th cells and the immunoglobulin, complement, fibrinogen, PBMC and mononuclear

cell levels in GBS patients

Subject cases Change of frequency Correlation coefficient (r) p value
Thl 12 7.64+3.03 0.653" 0.043
Th2 12 0.62+0.25 0.462 0.097
Th17 12 0.71+0.34 0.721" 0.034
Treg 12 1.02+0.46 0.786" 0.037
Th1/Th2 12 3.73+£1.02 0.682" 0.041
Th17/Treg 12 0.46+0.17 0.796 0.038
* P<0.05.

may be generated; the mechanism and significance of
this process are discussed below.

Similar to Thl cells, the production of Th17 cells
is suppressed after LPE. We speculate that due to the
reduction of inflammatory cytokines and the antigen sti-
mulation after LPE treatment, the immune balance of
GBS patients tends to be normalized or even suppressed
in the rebuilding process, which lead to decreased pro-
duction of the suppressor/inducer T cell subsets that
could provide help for the secretion of circulating auto-
antibodies directed to peripheral myelin components.
The present study demonstrated that the frequency of
Th17 cells in the acute phase of GBS patients was signi-
ficantly higher than that of the NC group. The frequency
of Th17 cells was also related to disease severity, which
is consistent with the results of animal studies. Previous
studies on animal models of GBS suggest that Th17
cells may secrete 1L.-17, which promotes the production
of chemokines, adhesion molecules, and colony-stimu-
lating factor to promote an inflammatory response. In
our study, the frequency of Th17 cells in the periphe-
ral blood of GBS patients was decreased two days after
LPE treatment, the degree of the decrease was positi-
vely correlated with the improvement in clinical scores
(Table 7&8), suggesting that LPE therapy may improve
symptoms by reducing Th17 cells in patients’ peripheral
blood.

CD4" CD25" Tregs is a group of T cell subsets with
a unique feature, which participated in the active sup-
pression process of potentially autoreactive T cells
(35), inhibiting the proliferation of CD4* T cells prima-
rily through direct contact between cells (36). Animal
experiments confirmed that susceptible mice would be
induced to occurs CD4" T cell-mediated autoimmune
diseases by removed CD4*CD25" Tregs in the periphe-
ral blood, and Treg reinfusion in vivo is able to inhibit
the onset of sensitized mice (37). This shows the change
in the number of CD4'CD25" Tregs plays an important
role in the pathogenesis of autoimmune diseases. GBS
is a CD4" T cell-dependent autoimmune disease, CD4*
T cell activation is the key to the disease occurred (38).
Presumably, GBS patients may exist the imbalance of
proportion of Treg cells, leading to loss of inhibition
of CD4* T cell. Very little is known about the relation
between Tregs and GBS. The only two studies (14,39)
on the frequency of CD4*CD25'T cells in GBS patients
are controversial. One study found that the number
and proportion of CD4°CD25" T cells were reduced
in acute GBS compared with controls. However, ano-
ther found no difference between GBS and controls in
the percentage of circulating CD4+CD25+ T lympho-
cytes. Our study found that, in contrast to the NC group,

the frequency of Treg cells in GBS patients in the acute
phase of the disease was significantly reduced and was
negatively correlated with clinical severity. Moreover,
the frequency of Treg cells increased, and the impro-
vement of clinical symptoms were positively correlated
(Table 7&8).

Studies have confirmed that Treg cells and Thl7
cells exhibit mutual inhibitory effects. CD4" T cells in
the presence of TGF-f alone are induced to differentiate
into immunosuppressive Treg cells. In the presence of
TGF-fB and IL-6, CD4" T cells differentiate into Th17
cells (18). Foxp3 is a specific transcription factor in-
volved in Treg cell regulation and inhibition of RORyt
function, which reduces the differentiation of Th17 cells.
In T cells expressing both Foxp3 and RORyt, the RORyt
inhibition of Foxp3 can be eliminated by IL-6 or IL-21,
which increases the differentiation of Th17 cells (40).
Studies have confirmed that IL-35 secreted primarily
by Treg cells is a negative regulator of immune effec-
tor molecules that can inhibit the in vivo differentiation
of Th17 cells and IL-17 production (41); the multiple
reductions of pro-inflammatory cytokines can promote
increased Foxp3 and reduced RORyt levels, ultimately
promoting the differentiation of Treg cells. The imba-
lance between Th17 and Treg cells in the pathogene-
sis of GBS is the focus of the current study. The results
of our study demonstrate that the Th17/Treg cell ratio
was significantly higher in GBS patients than in the NC
group and was positively correlated with clinical seve-
rity (Table 8). This finding suggests that the incidence
of GBS may not simply result in increased Th17 cells
or decreased Treg cells but that the interactions between
Th17 cell and Treg cell leading to immune imbalance.
It may be possible for LPE to restore the balance of the
Th17/Treg cell ratio in GBS patients for therapeutic
purposes.

Previous study about the pathological of Guillain-
Barre syndrome show: (1) the incidence of nerve fibers
in the first 3 to 4 days began to resemble edema; (2) 4
to 5 days later, demyelination with axonal mild swelling
was observed; and (3) 8 days after the first observation
of cell infiltration, i.e., on day 12, macrophage infiltra-
tion and nerve sheath cell proliferation was observed.
These findings suggest that the peripheral neuropathic
damage occurred mainly during the initial 4 to 8 days.
Based on the course of the disease, Guillain-Barre syn-
drome is a self-limiting disease. The duration of the peak
is generally approximately 2 weeks. After the peak is
reached, the complement in the serum of patients, which
combines with anti-peripheral nerve myelin antibodies,
presented a rapid natural decrease. Therefore, the lymph
plasma exchange treatment should be conducted as ear-
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ly as possible, particularly the first week after disease
onset, because the effect of this treatment is not obvious
after the peak period. To eliminate the effects of the na-
tural course of immunological indexes in patients, this
study included only the patients that underwent lymph
plasma exchange within two weeks of onset and the-
refore cannot compare the efficacy of different timings
of the lymph plasma exchange treatment. To determine
the appropriate times of LPE treatments for GBS pa-
tients, we recorded the neurological deficit scores and
the changes in related immunology indicators of GBS
patients at different times after LPE treatment. We
found that relative to pre-treatment levels, the levels
of mononuclear cells, immunoglobulins, complement,
and fibrinogen were decreased significantly 2 days after
LPE treatment, the imbalance of CD4* T lymphocyte
subsets was partially corrected, and the neurological
deficit scores were also improved significantly. The cli-
nical symptoms also exhibited a marked improvement
4 days after treatment. However, compared with 2 days
post-treatment, on 4 days post-treatment, the Thl and
Th17 cell frequencies were slightly higher, the Treg cell
frequency was decreased, and the MRC scores were
also aggravated, which indicates the presence of a new
generation of pathogenic cells. It is possible that one
LPE treatment cannot completely remove the hazar-
dous substances such that the auto-antigen continues to
stimulate the initial CD4+ T cells primarily differentia-
ting to the effector Th1 or Th17 cells. Alternatively, it is
possible that after LPE treatment, the residual antigens
remain capable of promoting the differentiation of
memory cells into effector cells. This finding indicates
that one LPE treatment may not be able to consolidate
the curative effect. We recommend that LPE treatment
should be performed at least twice. The circle of lym-
phoblast proliferation and antibody production is inhi-
bited by multiple LPE treatments, such that the patient’s
immune system is gradually restored to normal. Due
to the small sample size of this study, the efficacy of
different timings of LPE treatments could not be stra-
tified. In addition, the observation time was too short
to observe a decrease in the level of pathogenic lym-
phocytes after the peak level was reached following
LPE treatment. As a result, we only showed that the
frequency of Th1 and Th17 cells was increased in the 4
days after treatment. Besides, Schumak et al. demons-
trated that multiple lymph plasma exchanges should be
avoided within a short interval because the efficacy of
these treatments would decrease. yuki et al. (28) also
reported that the first two plasma exchanges can reduce
the level of immunoglobulins by 40-60%, whereas the
third exchange fails to reduce immunoglobulin levels.
However, the “Guidelines on the Use of Therapeutic
Apheresis in Clinical Practice” (19) suggest that five to
six Therapeutic Apheresis (TPE) over 10-14 days are
recommended. On the basis of the traditional plasma
exchange, LPE focus on removing immunocompetent
cells constituted mainly by lymphocytes. Moreover,
in the clinical practice of the use of LPE to treat GBS
patients, we found that the disease did not recur after
the second LPE treatment, and the neurological function
deficit score had improved. Therefore, we believe that
the effect to therapy GBS of LPE is better than TPE.
And we postulated that two consecutive LPE treatments

over 3-5 days may normalize the immune systems of
patients with GBS and achieve better clinical efficacy.

Based on the previous research and this study, we
propose the following suggestions for the use of LPE
treatment in GBS patients. Firstly, since the pathologi-
cal damage of GBS occurs in the first 4-8 days, LPE
should be performed as early as possible. Secondly, LPE
should be performed at least twice over 3-5 days. Thir-
dly, a more favorable therapeutic effect of LPE might
be achieved if the patients exhibit the following abnor-
malities: (1) particularly high percentage of monocytes
in the peripheral blood; (2) abnormal immunoglobulin
levels or complement titer, particularly high IgM levels;
(3) significant differences in lymphocyte subsets; or d.
high fibrinogen levels. Finally, clinicians should be alert
to the possible complications: hives, hypoglycemia,
hypocalcemia, thrombosis, hemorrhage, pulmonary
edema and anaphylactic shock.

Our study demonstrates that LPE treatment has a
significant effect on GBS. The therapeutic mechanism
is related to the correction of lymphocyte subsets disor-
der in the blood and the direct removal of pathologi-
cal substances, such as immunoglobulin, complement,
monocytes and fibrinogen. Due to the marked reduction
in the number of times the patients have to undergo the
treatments, the LPE treatment of GBS patients not only
exhibits satisfactory clinical efficacy but also shortens
the length of the patients’ hospital stay, reduces the
patients’ pain and economic burden, and reduces the
patients’ risk of infection due to an invasive operation
and the repeated transfusion of allogeneic blood. Fur-
ther studies are required to investigate the efficacy of
LPE and to explore its therapeutic mechanisms.
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