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abstraCt

Introduction: Demyelination is an important hallmark of gray matter (GM) pathology in multiple 
sclerosis (MS). However, the underlying pathogenesis remains elusive. It has been suggested 
that an inflammatory process may induce cortical demyelination in MS. Patients with a rim of 
activated microglia around cortical lesions have a more aggressive phenotype with a shorter 
disease duration and younger age at death. An important question is whether the extent or 
the inflammatory characteristics of cortical demyelination is genetically determined. Since the 
HLA-DRB1*1501 allele has been identified as an important determinant for MS susceptibility 
and influences MS phenotype, we sought to investigate if extensive cortical demyelination 
and microglia activation can be explained by HLA-DRB1*1501 carriership. From 37 chronic MS 
cases we immunostained 962 paraffin-embedded samples for proteolipid protein and human 
leukocyte antigen to assess the presence of cortical and white matter demyelination and 
microglia activation. Thirty-seven frozen samples were used for Taqman based genotyping for 
the HLA-DRB1*1501 allele. 

Results: In MS patients, the HLA-DRB1*1501 allele has no influence on the presence and extent 
of cortical demyelination and microglia activation. Nevertheless, a significant association was 
found between a combination of demyelination and microglia activation; the extent of cortical 
demyelination was related to the extent of activated microglia in patients carrying at least 
one copy of the HLA-DRB1*1501 allele. This was not observed in patients not carrying the HLA-
DRB1*1501 allele. 

Conclusions: Although the role of HLA-DRB1*1501 in MS susceptibility is indisputable, its role in 
MS lesion cortical development remains elusive and warrants future investigation.
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IntroduCtIon

Multiple sclerosis (MS) is an inflammatory and degenerative disease of the human central 
nervous system (CNS). Tissue damage in the gray matter (GM) has been shown to be a key 
component of the disease process 1–3 and may occur already early in the disease course 4–6. 

An important hallmark of GM pathology is demyelination 7, which may be extensive 8, 9 and 
accumulates with disease progression 5, 9, 10. Several studies have suggested that meningeal 
inflammation may induce cortical demyelination in MS 11–14 However, these pathological features 
may also be expressions of a more active overall inflammation process, associated with more 
extensive tissue damage, which was not replicated in all studies 15. Further post-mortem studies 
indicated that cortical lesions (CLs) lack classical features of white matter (WM) lesions, including 
blood-brain barrier damage 16, lymphocyte influx 17 and complement activation 18, which means 
that the underlying pathogenesis of GM pathology remains elusive.

Whether the extent or the inflammatory characteristics of cortical demyelination may be 
genetically determined is an important question. The HLA-DRB1*1501 allele has been identified 
as an important determinant for MS susceptibility 19–23, and influences MS phenotype to some 
degree; MS patients who carry the HLA-DRB1*1501 allele are more often female 24, have an earlier 
age of disease onset 25 and an increased disease severity 26, 27.

So far, two post-mortem studies have investigated the possible influence of HLA-DRB1*15 on 
pathological processes in MS. One study found that HLA-DRB1*15 carriership was associated with 
more extensive demyelination, and more extensive parenchymal and lesional inflammation in 
the spinal cord of MS patients 28. Another study by the same group showed that HLA-DRB1*15 is 
associated with extent of inflammation, and in younger cases also with extent of demyelination 
in the MS motor cortex 29. 

A recent post-mortem study by our own group showed that activated microglia may form a 
rim around CLs in some MS patients 30. These patients were shown to have a more aggressive 
phenotype with shorter disease duration and younger age at death 30. In the current study, 
we investigated a large number of anatomically widespread MS cortical tissue samples to see 
whether more extensive cortical demyelination and microglia activation can be explained by 
HLA-DRB1*1501 carriership. 

Our post-mortem data indicate that the HLA-DRB1*1501 allele has no influence on disease onset, 
age at death, disease duration, sex or disease type. Furthermore, presence and extent of cortical 
demyelination and microglia activation did not differ regarding HLA-DRB1*1501 carriership in 
MS patients. Nevertheless, a significant association was found between a combination of cortical 
demyelination and microglia activation; the extent of cortical demyelination was associated 
with the extent of activated microglia in patients carrying the HLA-DRB1*1501 allele, which was 
not found in non-HLA-DRB1*1501 carriers.
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MaterIals and Methods

Post-mortem Brain Tissue

Brain tissue from 37 chronic MS cases was selected after rapid autopsy (mean post-mortem 
delay 8 hours, 40 minutes). Table 1 provides demographic and clinical details of the donors. 
Prior to death, all donors were registered at the Netherlands Brain Bank, Amsterdam, the 
Netherlands. All donors gave written informed consent for the use of their tissue and medical 
records for research purposes. Permission for performing autopsies, use of tissue and access 
to medical records, was granted by the institutional ethics review board. The material used in 
this study was based on a previously conducted study 30. Four donors from this previous study 
were excluded as no frozen tissue was available for genetic analysis. In the previous study 30, 
patients with MS were, blinded to the clinical status of the patients, selected for the presence 
or absence of extensive subpial cortical demyelination. A total of 962 paraffin-embedded tissue 
blocks were used for lesion quantification and characterization (see ‘Morphometric analysis 
and quantification’) and 37 frozen tissue samples were investigated for genetic analysis (see 
‘Taqman-based genotyping’). In a subset of the tissue blocks, selected based on the presence 
of cerebral cortex (random selection), the extent (percentage) of subpial cortical demyelination 
was measured (see ‘Morphometric analysis and quantification’). 

Immunohistochemistry

Immunohistochemistry was performed as described previously 30. Briefly, paraffin tissue blocks 
were cut and deparaffinized. Endogenous peroxidase activity was blocked and tissue sections 
were incubated with anti-proteolipid protein antibody (clone Plpc1, mouse immunoglobulin 
G2a, 1:500; Serotec, Oxford, UK). After pretreatment with microwave antigen retrieval, separate 
tissue sections were incubated with anti-human leukocyte antigen DR antibodies (anti-HLA-
DR; mouse immunoglobulin G2b, 1:50; a gift from Dr. Hilgers, VU Medical Center Amsterdam, 
the Netherlands). Subsequently, sections were incubated with EnVision horseradish peroxidase 
complex (DAKO, Glostrup, Denmark) and finally with 3,3’ diaminobenzidine-tetrahydrochloride 
dihydrate (DAKO) as a chromogen. Sections were counterstained with hematoxylin and 
mounted (Depex, BDH; Poole, UK).

Morphometric Analysis and Quantification

Based on PLP immunostainings, tissue sections were investigated for the presence of CLs and 
WMLs. Lesions were defined as total absence of myelin. Tissue blocks were subsequently assessed 
for the presence of activated microglia/macrophages with the HLA-DR-stained sections. The 
number of WMLs were counted and a distinction between active, chronic active and inactive 
lesions was made 31. Of note, leukocortical lesions were regarded as WMLs expanding into 
the gray matter. For CLs, the presence of rims of activated microglia (RAM) was assessed by 
using light microscopy as described previously 30. Briefly, tissue sections containing CLs were 
photographed with a digital camera and care was taken to apply the same orientation to the 
PLP and HLA-DR stained sections. The area of subpial demyelination (with or without RAM), was 
morphometrically analyzed on the digital images using ImageJ software (NIH, Bethesda, MD; 
http://rsb.info.nih.gov/ij/index.html).
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table 1 | Demographic and clinical data of subjects

Patient Sex Age (y) Type of MS DD (y) Cause of Death

1 M 69 PPMS 34 cardiac arrest

2 M 43 PPMS 17 pneumonia

3 F 75 SPMS 33 pneumonia

4 M 77 PPMS 27 CVA

5 F 71 ND (chronic) 25 post surgery respiratory problems

6 F 55 PPMS 19 possible CVA

7 F 68 PPMS 38 aspiration by pneumonia

8 F 84 ND (chronic) 49 euthanasia

9 F 41 SPMS 11 general deterioration due to MS

10 M 70 ND (chronic) 51 cardiac arrest

11 M 56 SPMS 27 pneumonia

12 M 66 ND (chronic) n/a sepsis

13 M 47 SPMS 7 urosepsis

14 F 66 SPMS 23 unknown

15 M 49 SPMS 26 pneumonia by MS

16 M 61 SPMS 17 euthanasia

17 M 44 PPMS 16 pneumonia

18 F 59 SPMS 25 euthanasia

19 M 44 SPMS 21 general deterioration due to MS

20 F 57 SPMS 27 respiratory insufficiency

21 F 57 ND (chronic) 25 euthanasia

22 M 65 PRMS 25 urosepsis

23 F 66 PPMS 43 metastasis

24 M 81 PPMS 59 general deterioration

25 F 48 PPMS 48 euthanasia

26 F 49 PPMS 30 metastasized breast carcinoma

27 M 73 PPMS 16 shock

28 M 59 SPMS 32 myocard infarct

29 F 77 PPMS 48 pneumonia

30 F 77 ND (chronic) ND respiratory insufficiency with aspiration pneumonia

31 M 63 PPMS 27 cardiac arrest

32 F 76 PPMS 19 unknown

33 M 66 PPMS 26 ileus

34 M 57 PPMS 25 euthanasia

35 F 88 PPMS 25 exhaustion by chronic colitis

36 F 81 PPMS 45 sepsis by aspiration pneumonia

37 F 84 PPMS 49 unknown

Mean ± SD 64 ± 13.0 29.6 ± 12.6

DD, disease duration in years since diagnosis; n/a, unavailable/unknown.
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Taqman-based Genotyping

25 mg of tissue was cut from snap-frozen tissue blocks and used for DNA isolation. Frozen 
material was purified with the QIAamp DNA mini kit (QIAGEN, Redwood City, California, USA) 
according to manufacturer’s protocol. DNA was eluted in 100 µl H2O and concentration and 
quality of eluted DNA was measured by nanodrop (ND-1000 spectrometer, Thermo Fisher 
Scientific Inc., Wilmington, Delaware, USA). Genotyping was performed in duplo with a custom 
TaqMan single nucleotide polymorphism (SNP) Genotyping Assay (Life Technologies, Thermo 
Fisher Scientific, MA). SNP rs3135388 has been shown to tag for HLA-DRB1*1501 32–34. The assay 
consists of a forward and backward primer pair as well as two allele specific probes as mentioned 
in Goris et al. 32. The probes (Life Technologies) were labeled with VIC (G allele) and FAM (A allele). 
Table 2 shows the primers and probes used for the rs3135388 A/G genotyping. The 1× TaqMan 
Genotyping Master Mix (Applied Biosystems, Foster City, CA) was used for polymerase chain 
reaction (PCR). Amplification was carried out with 50 ng of genomic DNA in a reaction volume 
of 20µl in an ViiA™ 7 Real-Time PCR System (Life Technologies, Thermo Fisher Scientific, MA) 
according to recommended protocols, with an initial cycle on 95 °C for 10 min, followed by 40 
cycles of 95 °C for 15 s and 60 for 1 min. Analysis was performed with ViiA™ 7 software version 
1.2.1 (Life Technologies).

table 2 | Primers and Probes for detection of HLA rs3135388 G/A alleles

Sequence

Forward primer 5’-CCTTTCCCGGTAAAATATCTGAATG-3’

Reverse primer 5’-CCATGCATTCTGAGATCCATACCTT-3’

Probe 1a VIC-5’-CAACAAACCAATCC-3’-MGB

Probe 2a FAM-5’-CAACAAACCAACCC-3’-MGB

a Probes were designed on the reverse strand

Analysis of Data

Statistical analysis was performed using SPSS 20.0 for windows (SPSS, Inc., Chicago, IL). 
Differences between HLA-DRB1*1501+ (positive) and HLA-DRB1*1501- (negative) cases were 
assessed with a Chi-square for count data, Student’s t-test for normally distributed data or a 
Mann-Whitney test for non-normally distributed data. Correlations between demyelination 
and microglia activation were assessed with Spearman’s ρ. Significance was set at P < 0.05. No 
differences in allelic distribution were statistically assessed due to the very small sample size of 
the A/A group. 
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results

Clinical Descriptives and HLA-DRB1*1501 Genotype Distribution

The 37 MS patients included in this study consisted of 20 females and 17 males. Mean age at 
death was 64.0 years (±SD 13.0 years), and mean disease duration was 29.6 years (±SD 12.6 years). 
Eighteen patients carried at least one copy of the HLA-DRB1*1501 allele (HLA-DRB1*1501+: A/A 
or A/G genotype), while nineteen patients did not (HLA-DRB1*1501- : G/G genotype). As shown 
in Figure 1, the distribution of the HLA-DRB1*1501 genotype in patients with MS was 6 (16.2%) 
A/A, 12 (32.4%) A/G and 19 (51.4%) G/G. As indicated in Table 3, no significant difference was 
found between HLA-DRB1*1501+ and HLA-DRB1*1501- patients with regard to age at disease 
onset, age at death, disease duration, gender or disease type.

FIgure 1 | Allelic discrimination plot. The intensities of the VIC and FAM fluorescent signals, originating 
from A and G allele specific probes are plotted on the x-axis and y-axis, respectively. The genotypes cluster 
into three groups, A/A homozygotes (red), G/G homozygotes (blue) and A/G heterozygotes (green). A H2O  
control was used and came out as undetermined (x).
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table 3 | Demographics of HLA-DRB1*1501 distribution

HLA-DRB1*1501+ HLA-DRB1*1501- P-value 

Percentage of patients 48.7 51.3 P = 0.423

Type of MS (PP/SP/othera) 9 / 6 / 3 10 / 5 / 3 P = 0.878

Sex (F/M) 9 / 9 11 / 8 P = 0.746

Age at death (years) 67 (±SD 12.79)b 61.21 (±SD 12.86)b P = 0.179

Disease duration (years) 32.3 (±SD 12.50)b 27 (±SD 12.36)b P = 0.219

Age of onset (years) 44.5 (±SD 22.10)b 46.2 (±SD 20.07)b P = 0.813

HLA-DRB1*1501+: patients carrying allele types A/A or A/G; HLA-DRB1*1501-: patients carrying allele type 
G/G; SD: standard deviation. 
a One patient had a progressive relapsing disease course, from others the disease course could not be 
retrospectively determined from the medical records.
b Mean with standard deviation between brackets.

Cortical Demyelination and HLA-DRB1*1501 Status

Cortical pathology was observed in 21 of 37 patients (57%), in these patients 23.5% (±SD 11.7) 
of the cerebral cortex was demyelinated. The remaining sixteen patients showed no or only very 
limited demyelination of the cerebral cortex (0.5% ±SD 0.7). 

In the non-CL group, the HLA-DRB1*1501 genotype was found in eight out of sixteen patients 
(i.e. 50.0% of the patients were A/A or A/G carrier). The remaining eight patients did not carry 
the HLA-DRB1*1501 haplotype (i.e. 50.0% of the patients were G/G carrier). In the CL group, ten 
out of 21 patients (47.6%) were carrier of the HLA-DRB1*1501 genotype. The remaining eleven 
patients (52.4%) were naturally non-carriers of the HLA-DRB1*1501 genotype. This difference 
was not significant (χ(1) = 0.48, P = 0.83). 

Of interest, HLA-DRB1*1501+ patients did not have significantly more cortical demyelination 
than HLA-DRB1*1501- patients (HLA-DRB1*1501+: 24.6% ±SD 16.1; HLA-DRB1*1501- : 22.4% ±SD 
6.2, P = 0.70, see Figure 2). Furthermore, although cortical demyelination was more severe in 
younger cases (median split at 66 years; 28.2% ±SD 11.9 vs. 17.1% ±SD 8.3, P = 0.026), this was 
not significantly influenced by HLA-DRB1*1501.

Relationship between Microglia Activation and Extent of Cortical Demyelination in HLA-
DRB1*1501 Carriers

From the 21 patients in the CL group, twelve patients harbored CLs with microglia activation. 
From these twelve patients, six (50%) were HLA-DRB1*1501 positive, the remaining six (50%) 
patients were HLA-DRB1*1501 negative. From the nine patients in the CL group without microglia 
activation, four patients (44.4%) were HLA-DRB1*1501 positive and five patients (55.6%) were 
HLA-DRB1*1501 negative. In the CL group with activated microglia, no significant difference 
in extent of cortical demyelination was found between HLA-DRB1*1501+ and HLA-DRB1*1501- 
patients (HLA-DRB1*1501+: 31.0% ±SD 18.1; HLA-DRB1*1501-: 24.9% ±SD 5.7, P = 0.45). 



HLA-DRB1*1501 HAS A LIMITED INFLUENCE ON CORTICAL PATHOLOGY IN MS

133

5 
CH

A
PT

ER

Dividing the CL group on the basis of HLA-DRB1*1501 carriership (i.e. HLA-DRB1*1501+ versus 
HLA-DRB1*1501-), revealed no significant difference in the extent of microglia activation (HLA-
DRB1*1501+: 19.5% ±SD 24.5; HLA-DRB1*1501-: 22.9% ±SD 29.1, P = 0.78). Nevertheless, more 
cortical demyelination was associated with the presence of more microglia activation in HLA-
DRB1*1501+ patients (HLA-DRB1*1501+: r = 0.72, r2= 0.52, P = 0.019; Figure 3). This association 
was not found in HLA-DRB1*1501- cases (HLA-DRB1*1501-:  r = 0.32, r2 = 0.10, P = 0.33). 

FIgure 2 | Percentage cortical demyelination in HLA-DRB1*1501+ and HLA-DRB1*1501- cases. HLA- DRB1*1501+: 
patients carrying allele types A/A or A/G; HLA-DRB1*1501-: patients carrying allele type G/G. 

FIgure 3 | Correlation between cortical demyelination and microglia activation in the HLA-DRB1*1501+ 
group. HLA-DRB1*1501+: patients carrying allele types A/A or A/G. A significant association was found 
between the extent of cortical demyelination and the extent of microglia activation in the CL group carrying  
HLA-DRB1*1501 (Spearman’s rho = 0.72; R2 = 0.52; P = 0.019). 
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White Matter Lesions

A total number of 698 WMLs were observed in 36 out of 37 patients, of which 67 were classified 
as active (n=13), 315 as inactive (n= 33) and 316 as chronic inactive (n= 22) lesions. For HLA-
DRB1*1501+ (n=17) and HLA-DRB1*1501- (n=19) patients, we found no difference in average 
number of active (HLA-DRB1*1501+: 2.4 ±SD 4.9; HLA-DRB1*1501-: 1.4 ±SD 4.0, P = 0.10), chronic 
active (HLA-DRB1*1501+: 9.7 ±SD 11.7; HLA-DRB1*1501-: 7.9 ±SD 14.5, P = 0.34) and inactive 
(HLA-DRB1*1501+: 6.8 ±SD 6.0; HLA-DRB1*1501-: 10.5 ±SD 9.5, P = 0.27) lesions.

dIsCussIon

In this study, high-resolution HLA-DRB1*1501 genotyping in combination with pathologic 
characterization gave us the opportunity to reliably investigate the putative association between 
HLA-DRB1*1501 genotype and extent of cortical demyelination and microglial activity in MS.  

HLA-DRB1*1501 genotyping revealed an A/A;A/G;G/G genotype distribution of 16/32/51%, 
respectively, which is in line with previous studies using high resolution genotyping of larger 
MS cohorts (A/A;A/G;G/G): 7/45/47% by Goris et al. 32 4/30/65% by Zivković et al. 33 and 8/42/50% 
by Benešová et al. 35. As expected, homozygosity for HLA-DRB1*1501 was relatively rare in our 
MS sample (6 out of 37 patients, i.e. 16%). This precluded further analysis of the effect of dose of 
this allele in regards to cortical demyelination and microglia activation. Nevertheless, compared 
to the prevalence of 4-8% in the other studies, the A/A genotype was slightly overrepresented 
in our MS cohort. This discrepancy may be explained by a relatively restricted sample size or by 
geographical differences 36. 

Overall, no differences were found in age at disease onset, age at death, disease duration, 
gender or disease type between HLA-DRB1*1501+ and HLA-DRB1*1501- cases. In larger cohort 
studies, differences in gender 24, age at disease onset 25 and disease severity 26, 27 were observed, 
but since our study had far fewer participants, our study was likely underpowered to observe 
these differences. In line with recent data by Yates et al., reporting an equal lesion load and 
microglia activation in the MS motor cortex of HLA-DRB1*1501 carriers and non-carriers 29, our 
study extends these findings in that no differences were found in the presence and extent 
of cortical demyelination and activated microglia in HLA-DRB1*1501+ compared to HLA-
DRB1*1501-  patients. Nevertheless, Yates et al 29 did report an effect of HLA-DRB1*15 on CL load 
and microglia activation in the motor cortex of younger MS patients (more lesions and more 
microglia activation in HLA-DRB1*15+ cases). Although we also found more extensive cortical 
demyelination in younger MS cases, this was not related to HLA-DRB1*1501 status. 

Although we did not observe a relationship between HLA-DRB1*1501 and measures of 
demyelination and microglia activation, an influence of the combination of the two was found 
for HLA-DRB1*1501+ patients only. The extent of cortical demyelination was associated with the 
extent of microglia activation in HLA-DRB1*1501+ cases. Meaning, more cortical demyelination 
was related to more microglia activation in patients carrying HLA-DRB*1501. This association was 
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not observed in HLA-DRB1*1501- cases. This suggests a possible influence of HLA-DRB1*1501 
haplotype on cortical demyelination and microglia activation in only a subset of MS patients. 
Alternatively, our sample size was too limited to find associations between HLA-DRB1*1501 and 
independent measures of cortical demyelination and microglia activation. Perhaps the influence 
of microglia activation is damaging neurons (with worse disease outcome as a result 30), but not 
observed in the current study due to a lack of power. In regards to demyelination, it is possible 
that the patient’s genetic status may not matter. However, as can be observed in Figure 2, there 
is more variation in demyelination in HLA-DRB1*1501+ patients than HLA-DRB1*1501- patients. 
Furthermore, our study also observed no differences in number of active, chronic active or 
chronic inactive WML, although HLA-DRB1*1501+ patients had descriptively more microglia 
activated lesion types (active and chronic active). Only a study with sufficient power could give 
more conclusive results in regards to demyelination and microglia activation in MS pathology. 
Therefore, future research is warranted to elucidate the exact role of HLA-DRB1*1501 genotype 
in GM and WM lesion development.

ConClusIons

Although the role of HLA-DRB1*1501 in MS susceptibility is indisputable, its role in MS lesion 
development remains enigmatic. An influence of HLA-DRB1*1501 on cortical demyelination and 
microglia activation was not found in the current study. Future studies should aim to include a 
larger cohort of patients, preferably with the ability to statistically assess the influence of homo- 
and heterozygosity, in order to better understand the genetic underpinning of pathological 
heterogeneity, and in turn disease burden.
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