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in NMOSD patients
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Yong Hao?, Ying Zhang' and Yang-Tai Guan™

Department of Neurology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University,

Shanghai, China, 2Clinical Research Center, School of Medicine, Shanghai Jiao Tong University,
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Background and objectives: Cerebrospinal fluid (CSF) and interstitial fluid
exchange along a brain-wide network of perivascular spaces (PVS) termed
the 'glymphatic system’. The aquaporin-4 (AQP4) water channels abundantly
expressed on astrocytic endfeet play a key role in the CSF circulation in the
glymphatic system. Neuromyelitis optica spectrum disorder (NMOSD) is an
inflammatory demyelinating autoimmune disease of the central nervous
system (CNS) featured with a specific autoantibody directed against AQP4 in
most of patients. Anti-AQP4 antibodies are likely resulting in the impairment of
the brain glymphatic system and the enlargement of PVS in NMOSD patients. In
the current study, we aimed to demonstrate the features of EPVS detected by
MRI and its association with the CSF anti-AQP4 antibody titer, CNS
inflammatory markers, and disease severity in NMOSD patients.

Methods: We conducted a retrospective review of a consecutive cohort of 110
patients with NMOSD who had brain MRI. We assessed the correlation of EPVS
with markers of neuroinflammation, blood-brain barrier (BBB) function and
severity of neurological dysfunction in patients. We used multivariate logistic
regression analysis to determine the independent variables associated with
disease severity.

Results: The median number of total-EPVS was 15.5 (IQR, 11-24.2) in NMOSD
patients. The number of total-EPVS was significantly related to EDSS score after
correcting for the effects of age and hypertension (r=0.353, p<0.001). The
number of total-EPVS was also significantly associated with the titer of CSF
anti-AQP4 antibody, the albumin rate (CSF/serum ratios of albumin), the CSF
albumin, IgG and IgA levels. Logistic regression analysis showed that total-EPVS
and serum albumin level were two independent factors to predict disease
severity in NMOSD patients (OR=1.053, p=0.028; OR=0.858, p=0.009
respectively). Furthermore, ROC analysis achieved AUC of 0.736 (0.640-
0.831, p<0.001) for total-EPVS to determine severe NMOSD (EDSS 4.5-9.5).
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Discussion: In our cohort, we found a relationship between EPVS and
neuroinflammation and BBB function in NMOSD. Moreover, EPVS might
independently predict neurological dysfunction in patients with NMOSD.

KEYWORDS

neuromyelitis optica spectrum disorders (not in MeSH), glymphatic circulation,
perivascular spaces, neuroinflammation, blood brain barrier (BBB)

Introduction

The brain was long believed to be devoid of a lymphatic
vascular system. In 1970s, Cserr and colleagues has suggested a
fluid-transport system in the brain; however, only late in 2012,
this lymphatic transport system was designated the glial-
associated lymphatic system, or the ‘glymphatic system (1, 2).
The glymphatic system facilitates movement of cerebrospinal
fluid (CSF) and interstitial fluid (ISF) in the brain (3). Astrocytes
play a key role in the glymphatic system. Astrocytes create with
their vascular endfeet the perivascular spaces (PVS) that
surround the cerebral vasculature. The PVS are utilized as
‘highways’ for fast transport of CSF into deep brain regions (4,
5). The movement of CSF into the parenchyma is facilitated by
the aquaporin-4 (AQP4) water channels abundantly expressed
on astrocytic endfeet (1, 6). The dysfunction of AQP4 will result
in reduced CSF influx into the brain parenchyma and might
cause the enlargement of PVS (7). However, there are still some
controversies regarding the existence of the glymphatic system,
its underlying driving force, and the convective versus diftusive
nature of the flow (2).

It has been shown that the glymphatic system plays a role in
neuroinflammation and immune responses within the brain (3).
And the lymphatic impairment aggravates neuroinflammation
probably by the accumulation or entrapment of waste and pro-
inflammatory cytokines within the brain (8).

Studies demonstrated that the number and size of PVS may
change in the course of inflammatory diseases such as multiple
sclerosis (MS) (9-13). Histopathological studies have identified
tissue perivascular spaces (EPVS) containing leucocyte infiltrates
around chronic active inflammatory lesions of MS (14, 15).
These evidence support the role of glymphatic system and
pathogenic value of EPVS in neuroinflammatory process.

Neuromyelitis optica spectrum disorder (NMOSD) is an
inflammatory demyelinating autoimmune disease of the central
nervous system (CNS) mainly affected optic nerve, spinal cord
and brain (16). The discovery of an NMO-specific autoantibody
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directed against AQP4 clearly identified NMOSD as a separate
disease from MS (17). Patients can presented with recurrent
optic neuritis, relapsing transverse myelitis, and some brainstem
and encephalitic syndromes (18).

The autoantibodies that attack the glial AQP4 water
channels are likely resulting in the impairment of the brain
glymphatic system in NMOSD patients (6). We hypothesize that
the gymphatic impairment will cause the enlargement of PVS
and the aggravation of neuroinflammation; the latter in turn
might lead to more severe neurological dysfunction in
NMOSD patients.

So far, the clinical significance of the glymphatic system and
EPVS in NMOSD is unknown. We suggested they might play
key roles in the immune process of NMOSD. However,
glymphatic system is difficult to learn in situ while EPVS can
be easily visualized on magnetic resonance imaging (MRI). And
EPVS could partially reflect the function of glymphatic system.
Therefore, in the current study, we aimed to demonstrate the
features of EPVS detected by MRI and its association with the
CSF anti-AQP4 antibody, CNS inflammatory markers, blood-
brain barrier (BBB) function, and disease severity in
NMOSD patients.

Methods
Study population

The medical records of consecutive patients admitted to our
center from April 2013 to January 2022 with the diagnosis of
NMOSD were reviewed. Patients who fulfilled the diagnostic
criteria established by Wingerchuk et al. in 2015 (19) were
included in the current study. The following patients were
excluded: (1) those without the head MR images; (2) serum
anti-myelin oligodendrocyte glycoprotein (MOG) antibody
positive and diagnosed with MOG antibody-associated
disease (MOGAD).
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Standard protocol approvals,
registrations, and patient consents

The study was approved by the Ethics Committee of Ren]Ji
Hospital. Informed consent was obtained from all the
included patients.

Clinical data collection

The clinical, laboratory, and radiology records of all the
included patients were retrospectively reviewed. The clinical
information collected including age, sex, age at onset, past
medical history, total disease duration, time from last relapse,
annualized relapse rate (ARR), Expanded Disability Status
Scale (EDSS) score, serum status and titers of anti-AQP4
antibody, cerebrospinal fluid results (including white cell
counts, albumin, IgG, IgM, IgA, albumin rate, IgG index and
anti-AQP4 antibody titer), presentation of optic neuritis (ON),
myelitis, and longitudinally extensive transverse myelitis
(LETM). The patient was regarded as being in the acute
phase of the attack if the time from last relapse was less than
30 days (20). EDSS score was checked at the time of MRI
examination. It is used as a scale to evaluate the severity of
neurological dysfunction of NMOSD patients. Mild NMOSD
was defined with EDSS 0-4.0; while severe NMOSD was
defined with EDSS 4.5-9.5. We define the relapse of NMOSD
as a clinical exacerbation presenting with new or worsening
symptoms accompanied with a change on the neurologic
examination that correlated with a new or enhancing MRI
lesion. The interval should be at least 30 days since the previous
relapse (21). Serum anti-AQP4 and anti-MOG antibodies were
tested in all patients using a cell-based assay. Albumin rate is
the quotient of (CSF/Ser)*107, which indicates the disruption
of blood-brain barrier.

10.3389/fimmu.2022.966781

MR protocol

Patients underwent MRI according to a standardized
protocol as part of routine clinical assessments. The protocol
included T1- and T2-weighted, fluid-attenuated inversion
recovery (FLAIR), axial trace diffusion-weighted imaging
(DWI) with 2 b-values (0 and 1000), and apparent diffusion
coefticient (ADC) sequences. All studies were performed on 3.0
T scanners. Images were 2D sequences. Sequences typically
included 20-30 slices of 5-mm thickness. The imaging
parameters were as follows: T1 (repetition time [TR] 194 ms;
echo time [TE] 3.11 ms; field of view [FOV] 200x220; matrix
224x352; pixel 0.9x0.6); T2 (TR 5000 ms; TE 101 ms; FOV
207%220; matrix 224x352; pixel 0.9x0.6); FLAIR (TR 8000 ms;
TE 102 ms; FOV 207x220; matrix 203x320; pixel 1.0x0.7);
diffusion tensor imaging (TR 3260 ms; TE 50\83 ms; FOV
220x%220; matrix 160x160; pixel 1.4x1.4).

Assessment of EPVS

Enlarged PVS (EPVS) are commonly seen in the centrum
semiovale (CSO-EPVS), basal ganglia (BG-EPVS) and midbrain
(MB-EPVS) (5).

EPVS were rated on axial T2-weighted MRI using a validated
visual rating scale (22-24). EPVS were defined as <2 mm round
or linear CSF isointense lesions (T2-hyperintense and T1/FLAIR
hypointense with respect to brain) along the course of
penetrating arteries (Figure 1). They were distinguished from
lacunes by the latter’s large size (>2 and <15mm) and
surrounding rim of FLAIR hyperintensity (25).

EPVS were separated and rated in the BG, CSO and MB
regions. They were counted in both sides on the brain slice showing
the greatest extent of EPVS. A total number of EPVS (total-EPVS)
was calculated as the sum of EPVS in the three regions.

FIGURE 1

EPVS in the centrum semiovale (CSO-EPVS) (A), basal ganglia (BG-EPVS) (B) and midbrain (MB-EPVS) (C) in NMOSD patients.
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The following rating categories were used: 0 = no EPVS, 1 =
1 to 10 EPVS, 2 = 11 to 20 EPVS, 3 = 21 to 40 EPVS, and 4 =
more than 40 EPVS. For the purpose of this analysis, EPVS were
categorized into 0-2 vs 3-4 grades (mild vs severe EVPS).

Two trained neurologists evaluated MRI scans and when
inconsistency existed between the reported results both
neurologists discussed the case and reached an accord.

Statistical analysis

Data analysis was performed using SPSS version 21.0 (SPSS
Inc., Chicago, Ill., USA). For the statistical analysis on the anti-
AQP4 antibody titer X, a logarithmic value of log,(X+1) was
used. The Kolmogrov-Smirnov Z test was used to verify the
normal distribution of the data. Categorical variables were
summarized as counts (percentage) and continuous variables
as the means (standard deviation, SD) or medians (interquartile
ranges, IQR), if not distributed normally. Statistical comparisons
between two groups were performed using Student’s t-test or the
Mann-Whitney U test for continuous variables, as well as the 2
and Fisher’s exact tests for categorical variables, as deemed
appropriate. Correlations between continuous variables were
assessed by Spearman’s correlation coefficient. Logistic
regression analysis was used to detect the independent factors
associated with severe EPVS (EPVS grade 3-4) or severe
NMOSD (EDSS 4.5-9.5). Receiver operating characteristic
(ROC) curve and area under curve (AUC) were used to test
the accuracy for EPVS to determine disease severity. A two-
tailed probability value < 0.05 was considered significant. We did

not correct for multiple comparisons.

Results
Clinical data of patients with NMOSD

As Table 1 shows, a total of 110 patients with NMOSD were
enrolled. The mean age was 48.1 years (range 15-83 years); the
female patients (n=93) had a dominant percentage of 84.5%; 67
(60.9%) patients were in the acute phase. The serum anti-
AQP4 antibody was positive in 93 (84.5%) patients. CSF anti-
AQP4 antibody was tested in 72 patients and 46 (63.9%) were
positive. The annualized relapse rate (ARR) was 0.5 (IQR 0-
1.1). The median score of EDSS was 3.5 (IQR, 2.5-6.1) at the
time of MRI examination. Thirty patients were diagnosed
comorbidities of autoimmune disorders (including Sjogren’s
syndrome, systemic lupus erythematosus, rheumatoid arthritis,
mixed connective tissue disease, ankylosing spondylitis, and
hashimoto thyroiditis). And the rates of hypertension, diabetes

Frontiers in Immunology

04

10.3389/fimmu.2022.966781

mellitus, and hyperlipidemia were 17.3%, 12.7% and
10.9% respectively.

The features of EPVS in patients
with NMOSD

The median numbers of BG-EPVS, CSO-EPVS and MB-
EPVS were 7.0 (IQR, 5.0-11.0), 8.0 (IQR, 4.0-12.2) and 0 (IQR,
0-1.0) respectively. The median number of total-EPVS was 15.5
(IQR, 11-24.2) in NMOSD patients.

We define EPVS grade 0-2 as mild category of EPVS and
grade 3-4 as severe category of EPVS. There were 39 (35.5%)
patients had severe EPVS. NMOSD patients with severe EPVS as
compared to those with mild EVPS were older (56.1 + 13.4 vs
43.6 + 12.9, p<0.001) and had a higher percentage of
hypertension (28.2% vs 11.3%, p=0.025). Severe EPVS patients
tended to have higher levels of CSF albumin and CSF IgG, higher
titers of CSF anti-AQP4 antibody, and a lower level of serum
albumin. The median albumin rate was higher in patients with
severe EPVS, which indicates a more severe blood-brain barrier
disruption. Moreover, EDSS score was significantly higher in
severe EPVS group as compared to mild EPVS group (3.0 vs 6.0,
p<0.001). (Table 1) And there were more numbers of total-EPVS
in patients with CSF anti-AQP4 antibody positive than negative
(18.5 vs 13.0, p=0.034).

Sensitivity analyses were conducted by comparing lowest
EPVS group (EVPS grade 0-1) with highest EPVS group (EPVS
grade 4) and similar results were shown. (Supplementary
materials: Table 1)

Correlation of EPVS with markers of
neuroinflammation, blood-brain barrier
function and severity of neurological
dysfunction in NMOSD patients

The number of total-EPVS was significantly correlated with
EDSS score (r= 0.444, p<0.001), which means NMOSD patients
with more numbers of EPVS had more severe neurological
dysfunction. (Figure 2A) The positive relationship between
numbers of total-EPVS and EDSS scores still existed when
stratified patients by age, serum anti-AQP4 status, disease
phase, and first attack or relapse. (Supplementary
materials: Table 2)

Previous studies have highlighted associations between
EPVS severity and increasing age and vascular risk factors
such as hypertension (26). Therefore, in order to exclude the
influence of age and hypertension, partial correlation analysis
was performed. The result revealed that the number of total-
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EPVS was still significantly related to EDSS score after
correcting for the effects of age and hypertension

(r=0.353, p<0.001).

For different areas of EPVS, the numbers of CSO-, BG-, and
MB- EPVS were respectively associated with EDSS score

TABLE 1 Clinical data of patients with neuromyelitis optica spectrum disorders (NMOSD).

Age (mean + SD)

Sex (Female, %)

Age at onset (mean + SD)
Acute phase (%)

Total disease duration
(median, IQR, months)

Time from last relapse
(median, IQR, days)

Numbers of all attacks
(median, IQR)

Annualized relapse rate (ARR)
(median, IQR)

Co-morbidities

Other Autoimmune Disorders (%)
Systemic lupus erythematosus (%)
Hypertension (%)

Diabetes Mellitus (%)
Hyperlipidemia (%)

History of ischemic stroke or
Transient ischemic attack (%)

History of smoking (%)
History of alcoholism (%)
Clinical presentations

ON * (%)

Myelitis (%)

LETM ® (%)

CSF* analysis

White cell counts (median, IQR)
Albumin (mg/L, median, IQR)
Albumin rate ¢ (median, IQR)
1gG (mg/L, median, IQR)

IgA (mg/L, median, IQR)

IgM (mg/L, median, IQR)

IgG index (median, IQR)
Anti-AQP4 antibody © (%)

Titer of Anti-AQP4 (log,) &
(median, IQR)

Serum Anti-AQP4 antibody (%)

Titer of serum Anti-AQP4 (log,) h
(median, IQR)

Serum Albumin (g/L, mean + SD)
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(r=0.352, p<0.001 for CSO; r=0.454, p<0.001 for BG; r=0.200,
p=0.036 for MB). However, after correcting for the effects of age

and hypertension, only the positive relationship between the

NMOSD (N=110)

numbers of CSO-, BG- EPVS and EDSS score remained
significant (r=0.265, p=0.006 for CSO; r=0.385, p<0.001 for BG).

AlIN=110

48.1 £ 14.4
93 (84.5%)
443 £15.7
67 (60.9%)
19.5 (2.8-68.2)

15 (7-60)

2(1-3)

0.5 (0-1.1)

30 (27.3%)
6 (5.5%)
19 (17.3%)
14 (12.7%)
12 (10.9%)
2 (1.8%)

6 (5.5%)
1 (0.9%)

50 (45.5%)
84 (76.4%)
70 (63.6%)

2.0 (0-7.0)
344 (217-432)
5.8 (4.0-8.9)
35.7 (24.1-57.0)
3.9 (2.6-7.2)
0.6 (0.3-1.2)
0.52 (0.47-0.59)
46 (63.9%)
1.0 (0-2.1)

93 (84.5%)
5.9 (0-8.3)

412 +43

EPVS grade 0-2N=71

43.6 £ 129
60 (84.5%)
39.8 £13.8
41 (57.7%)
23.0 (3.0-72.0)

21 (7-60)

2(1-3)

0.4 (0-1.0)

22 (31.0%)
5 (7.0%)
8 (11.3%)
6 (8.5%)
8 (11.3%)
1 (1.4%)

5 (7.0%)
0 (0%)

31 (43.7%)
53 (74.6%)
42 (59.2%)

2.0 (0-7.2)
322 (184-394)
5.0 (3.7-7.8)
30.2 (22.6-54.8)
3.5 (1.9-7.3)
0.6 (0.2-1.0)
0.51 (0.47-0.58)
26 (56.5%)
1.0 (0-2.1)

58 (81.7%)
5.0 (0-8.3)

420+ 4.1

05

EPVS grade 3-4N=39

56.1 +13.4
33 (84.6)
525+ 15.9
26 (66.7%)
14.0 (2.0-67.0)

15 (7-37)

2 (1-4)

0.5 (0-2.0)

8 (20.5%)
1 (2.6%)
11 (28.2%)
8 (20.5%)
4 (10.3%)
1(2.6%)

1 (2.6%)
1(2.6%)

19 (48.7%)
31 (79.5%)
28 (71.8%)

2.0 (0-6.5)
398 (302-528)
6.6 (5.4-10.1)

43.4 (29.8-75.7)
52 (3.0-7.2)
0.5 (0.3-1.3)

0.54 (0.47-0.59)

20 (76.9%)
2.1 (0.75-3.5)

35 (89.7%)
6.7 (3.5-8.3)

398 £45

P value

<0.001
0.988

<0.001
0.359
0.597

0.338

0.730

0.424

0.238
0.420
0.025
0.129
1.000
1.000

0.582
0.355

0.610
0.568
0.187

0.500
0.023
0.008
0.028
0.062
0.764
0.310
0.083
0.033

0.264
0.599

0.01

(Continued)
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TABLE 1 Continued

EDSS ' (median, IQR)
EPVS counts ’
BG-EPVS *
CSO-EPVS'
MB-EPVS ™
Total-EPVS

“ON, optic neuritis.

PLETM, longitudinally extensive transverse myelitis.
“Brain syndromes of NMOSD refer to area postrema syndrome, brainstem syndrome, diencephalic syndrome and cerebral syndrome.

4CSF, cerebrospinal fluid.

Albumin rate = Quotient (CSF/Ser)*107>.
fAnti-AQP4 antibody, anti-aquaporin-4 antibody.

AlIN=110

3.5 (2.5-6.1)

7.0 (5.0-11.0)
8.0 (4.0-12.2)
0 (0-1.0)
15.5 (11-24.2)

NMOSD (N=110)

EPVS grade 0-2N=71

3.0 (2.0-4.0)

6.0 (4.0-8.0)
5.0 (3.0-8.0)
0 (0-1.0)
13 (8-15)

8For the analysis of the CSF anti-AQP4 antibody titer X, a logarithmic value of log, (X+1) was used.
"For the analysis of the serum anti-AQP4 antibody titer X, a logarithmic value of log, (X+1) was used.

'EDSS, Expanded Disability Status Scale.
JEPVS, enlarged perivascular spaces.
kCSO, centrum semiovale.

'BG, basal ganglia.
™MB, Midbrain.

The number of total-EPVS was significantly associated with
the titer of CSF, but not serum, anti-AQP4 antibody (r=0.275,
p=0.02). (Figure 2B) For different areas of EPVS, only the
number of CSO-EPVS was significantly related to the titer of

CSF anti-AQP4 antibody (r=0.254, p=0.031).

Moreover, the number of total-EPVS was significantly
correlated to the albumin rate (r=0.320, p=0.003), which indicates

EPVS grade 3-4N=39

6.0 (3.0-8.0)

11.0 (9.0-15.0)
18.0 (13.0-22.0)
1.0 (0-2.0)
29 (24-37)

10.3389/fimmu.2022.966781

P value

<0.001

<0.001

<0.001
0.001

<0.001

NMOSD patients with more numbers of EPVS were accompanied
with more serious blood-brain barrier disruption. (Figure 2C) And
both CSO-EPVS and BG-EPVS were related to the albumin rate
(r=0.239, p=0.028 for CSO-EPVS; r=0.396, p<0.001 for BG-EPVS).

Furthermore, total-EPV'S was significantly associated with CSF

albumin, IgG and IgA levels (r=0.328, p=0.002 for CSF albumin;
r=0.275, p=0.009 for CSF IgG; r=0.250, p=0.019 for CSF IgA),

5000

Total EPVS

2000

s000

Total EPVS

2000

FIGURE 2

r= 0.444, p<0.001

Total EPVS

£=0.275, p=0.02

Total EPVS

60004

w00

2000

r=0.320, p=0.003

k0 1000

2k ko b0
10g2(CSF AQP4 +1)

2000 2500

r=0.328, p=0.002

Total EPVS

r=0.275, p=0.009

Total EPVS

6000

000

2000

r=0.250, p=0.019

oohos 125000

10800 20000 30800
CSF19G

2500 3000

The number of total-EPVS was significantly correlated with EDSS score (A), CSF titer of anti-AQP4 antibody (B), CSF/Serum albumin rate (C), the

levels of CSF albumin (D), CSF IgG (E) and CSF IgA (F).
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TABLE 2 Evaluation of independent factors associated with severe EPVS ? (grade 3-4) in patients with neuromyelitis optica spectrum disorders by

logistic regression analysis.

Model 1

Variates B Exp(B)/OR 95% confidence interval P value
Age (years) 0.058 1.059 1.017-1.103 0.005
History of Hypertension 0.366 1.442 0.415-5.008 0.564
EDSS ° 0.298 1.347 1.107-1.639 0.003
Model 2

Variates B Exp(B)/OR 95% confidence interval P value
Age (years) 0.097 1.102 1.033-1.175 0.003
History of Hypertension 0.983 2.672 0.541-13.201 0.228
CSF titer of Anti-AQP4 © 0.559 1.748 1.046-2.922 0.033
CSF IgG (mg/L) -0.029 0.971 0.936-1.008 0.127
CSF IgA (mg/L) -0.039 0.971 0.798-1.159 0.679
CSF/Serum albumin rate ¢ 0.205 1.228 0.949-1.590 0.119
Serum Albumin (g/L) 0.046 1.047 0.879-1.246 0.607
EDSS 0.054 1.056 0.686-1.626 0.806

“EPVS, enlarged perivascular spaces.
"EDSS, Expanded Disability Status Scale.

“For the analysis of the CSF anti-AQP4 antibody titer X, a logarithmic value of log,(X+1) was used.

dAlbumin rate = Quotient (CSF/Ser)*10°>.

which implied that more numbers of total-EPVS were related to
more severe central nervous inflammation. (Figures 2D-F)

Logistic analysis of independent factors
associated with severe EPVS in
NMOSD patients

Two logistic regression models were conducted to find out
the independent factors associated with severe EPVS (EPVS
grade 3-4). As Table 2 showed, age and EDSS were independent
factors in model 1 (including the covariates of age, history of
hypertension and EDSS); while age and CSF titer of anti-AQP4
antibody were independent factors in model 2 (including the
covariates of age, history of hypertension, CSF titer of anti-
AQP4 antibody, CSF IgG, CSF IgA, CSF/serum albumin rate,
serum albumin and EDSS). (Table 2)

Logistic analysis of independent
predictors of disease severity in
NMOSD patients

In order to clarify the independent predictive effect of total-
EPVS with disease severity in NMOSD, patients were divided
into two groups: mild NMOSD group (EDSS 0-4.0) (N=72) and
severe NMOSD group (EDSS 4.5-9.5) (N=38). The variates of
total-EPVS, as well as age, age of onset, numbers of all attacks,
and serum albumin were entered into the logistic model. The
result showed that total-EPVS and serum albumin level were two
independent factors in the model to predict disease severity
(OR=1.053, 95%CI 1.006-1.102, p=0.028 for total-EPVS;
OR=0.858, 95% CI 0.765-0.962, p=0.009 for serum albumin)
(Table 3). Furthermore, ROC analysis achieved AUC of 0.736
(0.640-0.831, p<0.001) for total-EPVS to determine severe
NMOSD. (Figure 3)

TABLE 3 Evaluation of independent predictors of severe neuromyelitis optica spectrum disorders (EDSS 4.5-9.5) by logistic regression analysis.

Variates B Exp(B)/OR
Age (years) -0.034 0.967

Age of onset (years) 0.054 1.056
Serum Albumin (g/L) -0.153 0.858
Number of all attacks 0.077 1.080
Total-EPVS 0.051 1.053
EDSS, Expanded Disability Status Scale.

EPVS, enlarged perivascular spaces.
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95% confidence interval P value
0.841-1.112 0.637
0.923-1.207 0.429
0.765-0.962 0.009
0.871-1.340 0.483
1.006-1.102 0.028
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FIGURE 3

The ROC curve for total-EPVS to determine severe NMOSD (EDSS 4.5-9.5).

Discussion

Our study demonstrated that more total-EPVS was
significantly correlated with higher CSF anti-AQP4 antibody
titer, more severe blood-brain barrier disruption and intenser
neuroinflammation. Moreover, total-EPVS was an independent
predictor of severe neurological dysfunction in NMOSD.

PVS is part of the structure of glymphatic system. Studies
have already proved that PVS are important in immune
responses and inflammatory processes within the brain (12,
27). EPVS are believed to be associated with blood-brain
barrier leakage and associated infiltration of monocytes,
lymphocytes, and macrophages in the PVS (28).

Pathological examination showed abundant antibody-
secreting cells were noted in perivascular spaces in autoimmune
glial fibrillary acidic protein (GFAP) astrocytopathy, a CNS
inflammatory disease targeting astrocytes (29). In a case report
of Behget’s disease, the neuropathological examination revealed an
acute inflammation consisted of a neutrophilic and eosinophilic
infiltration of the perivascular spaces and brain parenchyma (30).
It is suggested that during the pathogenesis of MS, T cell activation
begins at the periphery of the lymphoid compartment
(extracerebral area) and then reaches the CNS, with the T cells
circulating in the PVS (10). In an animal model of progressive MS,
immunohistological analysis showed that mature and isotype-
switched B cells predominately localized to the meninges and
perivascular space, with IgG isotype-switched B cells frequently
accumulating in the parenchymal space (31).
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Astrocytic endfeet and their dense expression of the
aquaporin-4 water channels promote fluid exchange between
the perivascular spaces and the neuropil. Thus, anti-AQP4
antibody targeting the main water channels on asctrocytes will
impair CSF influx from PVS to neuropil in NMOSD (6).
Therefore, we presume that the glymphatic system and EPVS
might play even more important roles in the pathogenesis of
NMOSD than the above-mentioned CNS inflammatory diseases.

Our results showed that patients with higher CSF titer of
anti-AQP4 antibody had more EPVS on MRI. Higher level of
CSF antibody will impair more water channels on astrocyte
endfeet of PVS, which in turn block the influx of CSF and lead to
the enlargement of PVS.

We also found that EPVS are associated with neuroinflammation
and BBB disruption in NMOSD. As our data showed, severe EPVS
are related to higher CSF albumin, IgG and IgA levels, which implied
an intense inflammatory reaction in CNS; severe EPVS are also
correlated with a greater impairment of BBB indicated by higher CSF/
serum ratios for albumin. It has already been proved that glymphatic
impairment aggravates CNS inflammation by suppressing cytokine
clearance from the brain (8). The BBB is a very efficient barrier
formed by the vascular endothelial cells, their tight junctions, and the
underlying basement membrane. The BBB can be considered the
internal boundary of PVS at the capillary level (32). Therefore,
inflammation in the PVS can aggravate the impairment of BBB,
and vice versa. It still remains unclear as to whether PVS dilation is a
cause, effect, or secondary process of endothelial dysfunction and
increased BBB permeability (33). Previous studies also demonstrated
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EPVS to be a marker of BBB dysfunction (34), as well as a marker of
neuroinflammation (10).

Our study also demonstrated that EPVS was independently
associated with neurological dysfunction in NMOSD. Since
EPVS can indicate inflammation in CNS, thereby more EPVS
are related to more severe clinical presentation. Previous studies
in MS have already demonstrated that increased numbers of
EPVS are associated with clinical disability (23, 35).

The results of the current study prompt us to raise the
following hypothesis. Anti-AQP4 antibodies originate in
peripheral and enter the PVS through endothelial transcytosis
or at areas of increased BBB permeability. Then anti-AQP4
antibodies in PVS bind selectively to AQP4 on astrocyte endfeet.
This interaction results in down-regulation of surface AQP4 and
less clearance of waste and pro-inflammatory cytokines in the
CNS. Moreover, it activates complement produced locally by
astrocytes, which in turn leads to increased BBB permeability
and massive infiltration of leukocytes and cytokines. And
inflammation in PVS will increase the numbers and volumes
of EPVS. The neurological dysfunction will also aggravate in the
condition of more severe neuroinflammation.

There are several limitations in the current study. One
limitation is the relatively small number of patients included
and the retrospective design of the study; although the statistical
analyses were significant, the correlations were relatively weak.
Therefore, large-scale prospective studies should be conducted
with longer periods of follow-up to confirm the results drawn
from the current study. Secondly, more biomarkers of
neuroinflammation and BBB function such as CSF pro-
inflammatory cytokines and radiological studies should be
used to further prove the current results. Thirdly, the
glymphatic system has been proved to be existed in brain and
optic nerves; however, whether it exists in spinal cord need
further studies. It is an important question to be explored
because spinal cord is an end organ frequently attacked in
NMOSD. Finally, we also found a relationship between EVPS
and disease severity in anti-AQP4 antibody negative NMOSD
patients and it could not be explained by the above-mentioned
hypothesis. There might be other mechanisms involved.

Conclusion
In conclusion, we found a relationship between EPVS and
neuroinflammation and BBB function in NMOSD. Moreover,

EPVS might independently predict neurological dysfunction in
patients with NMOSD.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Immunology

09

10.3389/fimmu.2022.966781

Ethics statement

The studies involving human participants were reviewed and
approved by ethics committee of Ren Ji Hospital. The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

X-YY: conception, methodology, data analysis, and writing
original draft. M-CG: resources, data collection. S-WB:
resources, data collection. LX: data analysis. Y-YS: resources,
data collection. C-RX: resources, data collection. Y-FW:
resources, data collection. YH: data curation. YZ: validation,
methodology. Y-TG: conception. supervision, writing — review
and editing. All authors contributed to the article and approved
the submitted version.

Funding

This study was supported by the National Natural Science
Foundation of China (No. 81801211) and the Outstanding
Youth Training Funds of Shanghai Ren Ji Hospital (No. PYII-
17-001). Innovative research team of high-level local
universities in Shanghai (SHSMU-ZDCX20211901).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.966781/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.966781/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.966781/full#supplementary-material
https://doi.org/10.3389/fimmu.2022.966781
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yao et al.

References

1. Tiff JJ, Wang M, Liao Y, Plogg BA, Peng W, Gundersen GA, et al. A
paravascular pathway facilitates CSF flow through the brain parenchyma and the
clearance of interstitial solutes, including amyloid B. Sci Transl Med (2012) 4
(147):147ral11. doi: 10.1126/scitranslmed.3003748

2. Abbott NJ, Pizzo ME, Preston JE, Janigro D, Thorne RG. The role of brain
barriers in fluid movement in the CNS: Is there a 'glymphatic’ system? Acta
Neuropathol (2018) 135(3):387-407. doi: 10.1007/s00401-018-1812-4

3. Mogensen FL, Delle C, Nedergaard M. The glymphatic system (En)during
inflammation. Int J Mol Sci (2021) 22(14):7491. doi: 10.3390/ijms22147491

4. Hutchings M, Weller RO. Anatomical relationships of the pia mater to
cerebral blood vessels in man. J Neurosurg (1986) 65(3):316-25. doi: 10.3171/
jns.1986.65.3.0316

5. Groeschel S, Chong WK, Surtees R, Hanefeld F. Virchow-robin spaces
on magnetic resonance images: Normative data, their dilatation, and a review
of the literature. Neuroradiology (2006) 48(10):745-54. doi: 10.1007/s00234-
006-0112-1

6. Mestre H, Hablitz LM, Xavier AL, Feng W, Zou W, Pu T, et al. Aquaporin-4-
dependent glymphatic solute transport in the rodent brain. Elife (2018) 7:¢40070.
doi: 10.7554/eLife.40070

7. Mestre H, Kostrikov S, Mehta RI, Nedergaard M. Perivascular spaces,
glymphatic dysfunction, and small vessel disease. Clin Sci (Lond) (2017) 131
(17):2257-74. doi: 10.1042/CS20160381

8. Filiano AJ, Gadani SP, Kipnis J. How and why do T cells and their derived
cytokines affect the injured and healthy brain? Nat Rev Neurosci (2017) 18(6):375—
84. doi: 10.1038/nrn.2017.39

9. Tsutsumi S, Ito M, Yasumoto Y, Tabuchi T, Ogino I. The virchow-robin
spaces: Delineation by magnetic resonance imaging with considerations on
anatomofunctional implications. Childs Nerv Syst (2011) 27(12):2057-66.
doi: 10.1007/s00381-011-1574-y

10. Wuerfel J, Haertle M, Waiczies H, Tysiak E, Bechmann I, Wernecke KD,
et al. Perivascular spaces-MRI marker of inflammatory activity in the brain? Brain
(2008) 131(Pt 9):2332-40. doi: 10.1093/brain/awn171

11. Zhu YC, Dufouil C, Mazoyer B, Soumare A, Ricolfi F, Tzourio C, et al.
Frequency and location of dilated virchow-robin spaces in elderly people: A
population-based 3D MR imaging study. AJNR Am ] Neuroradiol (2011) 32
(4):709-13. doi: 10.3174/ajnr.A2366

12. Achiron A, Faibel M. Sandlike appearance of virchow-robin spaces in early
multiple sclerosis: A novel neuroradiologic marker. AJNR Am ] Neuroradiol (2002)
23(3):376-80.

13. Granberg T, Moridi T, Brand JS, Neumann S, Hlavica M, Piehl F, et al.
Enlarged perivascular spaces in multiple sclerosis on magnetic resonance imaging:
A systematic review and meta-analysis. ] Neurol (2020) 267(11):3199-212.
doi: 10.1007/s00415-020-09971-5

14. Vos CM, Geurts JJ, Montagne L, van Haastert ES, B6 L, van der Valk P, et al.
Blood-brain barrier alterations in both focal and diffuse abnormalities on
postmortem MRI in multiple sclerosis. Neurobiol Dis (2005) 20(3):953-60.
doi: 10.1016/j.nbd.2005.06.012

15. Greter M, Heppner FL, Lemos MP, Odermatt BM, Goebels N, Laufer T,
et al. Dendritic cells permit immune invasion of the CNS in an animal model of
multiple sclerosis. Nat Med (2005) 11(3):328-834. doi: 10.1038/nm1197

16. Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF, Weinshenker BG.
Revised diagnostic criteria for neuromyelitis optica. Neurology (2006) 66(10):1485-
9. doi: 10.1212/01.wnl.0000216139.44259.74

17. Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF,
Fujihara K, et al. A serum autoantibody marker of neuromyelitis optica:
Distinction from multiple sclerosis. Lancet (2004) 364(9451):2106-12.
doi: 10.1016/S0140-6736(04)17551-X

Frontiers in Immunology

10

10.3389/fimmu.2022.966781

18. Wingerchuk DM, Lennon VA, Lucchinetti CF, Pittock SJ, Weinshenker BG.
The spectrum of neuromyelitis optica. Lancet Neurol (2007) 6(9):805-15.
doi: 10.1016/S1474-4422(07)70216-8

19. Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T,
et al. International consensus diagnostic criteria for neuromyelitis optica
spectrum disorders. Neurology (2015) 85(2):177-89. doi: 10.1212/
‘WNL.0000000000001729

20. Chen ZG, Huang J, Fan R, Weng RH, Shinohara RT, Landis JR, et al.
Urinalysis in patients with neuromyelitis optica spectrum disorder. Eur J Neurol
(2020) 27(4):619-25. doi: 10.1111/ene.14128

21. Kessler RA, Mealy MA, Levy M. Early indicators of relapses vs
pseudorelapses in neuromyelitis optica spectrum disorder. Neurol Neuroimmunol
Neuroinflamm (2016) 3(5):269. doi: 10.1212/NXI1.0000000000000269

22. Potter GM, Chappell FM, Morris Z, Wardlaw JM. Cerebral perivascular
spaces visible on magnetic resonance imaging: Development of a qualitative rating
scale and its observer reliability. Cerebrovasc Dis (2015) 39(3-4):224-31.
doi: 10.1159/000375153

23. Cavallari M, Egorova S, Healy BC, Palotai M, Prieto JC, Polgar-Turcsanyi
M, et al. Evaluating the association between enlarged perivascular spaces and
disease worsening in multiple sclerosis. | Neuroimaging (2018) 28(3):273-7.
doi: 10.1111/jon.12490

24. Wu B, Yao X, Lei C, Liu M, Selim MH. Enlarged perivascular spaces and
small diffusion-weighted lesions in intracerebral hemorrhage. Neurology (2015) 85
(23):2045-52. doi: 10.1212/WNL.0000000000002169

25. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, Frayne R,
et al. Neuroimaging standards for research into small vessel disease and its
contribution to ageing and neurodegeneration. Lancet Neurol (2013) 12(8):822-
38. doi: 10.1016/S1474-4422(13)70124-8

26. Charidimou A, Boulouis G, Pasi M, Auriel E, van Etten ES, Haley K, et al. MRI-
Visible perivascular spaces in cerebral amyloid angiopathy and hypertensive
arteriopathy. Neurology (2017) 88(12):1157-64. doi: 10.1212/WNL.0000000000003746

27. Etemadifar M, Hekmatnia A, Tayari N, Kazemi M, Ghazavi A, Akbari M,
et al. Features of virchow-robin spaces in newly diagnosed multiple sclerosis
patients. Eur ] Radiol (2011) 80(2):e104-8. doi: 10.1016/j.ejrad.2010.05.018

28. Wardlaw JM, Benveniste H, Nedergaard M, Zlokovic BV, Mestre H, Lee H,
et al. Perivascular spaces in the brain: Anatomy, physiology and pathology. Nat Rev
Neurol (2020) 16(3):137-53. doi: 10.1038/s41582-020-0312-z

29. Long Y, Liang J, Xu H, Huang Q, Yang J, Gao C, et al. Autoimmune glial
fibrillary acidic protein astrocytopathy in Chinese patients: A retrospective study.
Eur ] Neurol (2018) 25(3):477-83. doi: 10.1111/ene.13531

30. Hadfield MG, Aydin F, Lippman HR, Kubal WS, Sanders KM. Neuro-
behget's disease. Clin Neuropathol (1996) 15(5):249-55.

31. DiSano KD, Royce DB, Gilli F, Pachner AR. Central nervous system
inflammatory aggregates in the theiler's virus model of progressive multiple
sclerosis. Front Immunol (2019) 10:1821. doi: 10.3389/fimmu.2019.01821

32. Gouveia-Freitas K, Bastos-Leite AJ. Perivascular spaces and brain waste
clearance systems: Relevance for neurodegenerative and cerebrovascular pathology.
Neuroradiology (2021) 63(10):1581-97. doi: 10.1007/s00234-021-02718-7

33. Low A, Mak E, Rowe JB, Markus HS, O'Brien JT. Inflammation and cerebral
small vessel disease: A systematic review. Ageing Res Rev (2019) 53:100916.
doi: 10.1016/j.arr.2019.100916

34. Wardlaw JM, Doubal F, Armitage P, Chappell F, Carpenter T, Mufioz
Maniega S, et al. Lacunar stroke is associated with diffuse blood-brain barrier
dysfunction. Ann Neurol (2009) 65(2):194-202. doi: 10.1002/ana.21549

35. Favaretto A, Lazzarotto A, Riccardi A, Pravato S, Margoni M, Causin F, et al.
Enlarged virchow robin spaces associate with cognitive decline in multiple sclerosis.
PloS One (2017) 12(10):e0185626. doi: 10.1371/journal.pone.0185626

frontiersin.org


https://doi.org/10.1126/scitranslmed.3003748
https://doi.org/10.1007/s00401-018-1812-4
https://doi.org/10.3390/ijms22147491
https://doi.org/10.3171/jns.1986.65.3.0316
https://doi.org/10.3171/jns.1986.65.3.0316
https://doi.org/10.1007/s00234-006-0112-1
https://doi.org/10.1007/s00234-006-0112-1
https://doi.org/10.7554/eLife.40070
https://doi.org/10.1042/CS20160381
https://doi.org/10.1038/nrn.2017.39
https://doi.org/10.1007/s00381-011-1574-y
https://doi.org/10.1093/brain/awn171
https://doi.org/10.3174/ajnr.A2366
https://doi.org/10.1007/s00415-020-09971-5
https://doi.org/10.1016/j.nbd.2005.06.012
https://doi.org/10.1038/nm1197
https://doi.org/10.1212/01.wnl.0000216139.44259.74
https://doi.org/10.1016/S0140-6736(04)17551-X
https://doi.org/10.1016/S1474-4422(07)70216-8
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1111/ene.14128
https://doi.org/10.1212/NXI.0000000000000269
https://doi.org/10.1159/000375153
https://doi.org/10.1111/jon.12490
https://doi.org/10.1212/WNL.0000000000002169
https://doi.org/10.1016/S1474-4422(13)70124-8
https://doi.org/10.1212/WNL.0000000000003746
https://doi.org/10.1016/j.ejrad.2010.05.018
https://doi.org/10.1038/s41582-020-0312-z
https://doi.org/10.1111/ene.13531
https://doi.org/10.3389/fimmu.2019.01821
https://doi.org/10.1007/s00234-021-02718-7
https://doi.org/10.1016/j.arr.2019.100916
https://doi.org/10.1002/ana.21549
https://doi.org/10.1371/journal.pone.0185626
https://doi.org/10.3389/fimmu.2022.966781
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Enlarged perivascular spaces, neuroinflammation and neurological dysfunction in NMOSD patients
	Introduction
	Methods
	Study population
	Standard protocol approvals, registrations, and patient consents
	Clinical data collection
	MR protocol
	Assessment of EPVS
	Statistical analysis

	Results
	Clinical data of patients with NMOSD
	The features of EPVS in patients with NMOSD
	Correlation of EPVS with markers of neuroinflammation, blood-brain barrier function and severity of neurological dysfunction in NMOSD patients
	Logistic analysis of independent factors associated with severe EPVS in NMOSD patients
	Logistic analysis of independent predictors of disease severity in NMOSD patients

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


