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Abstract

Background: We previously reported that the single nucleotide polymorphism (SNP) rs9282860
in serine threonine kinase 11 (STK11) gene which codes for liver kinase B1 (LKB1) has

higher prevalence in White relapsing-remitting multiple sclerosis (RRMS) patients than controls.
However it is not known if this SNP is a risk factor for MS in other populations.

Methods: We assessed the prevalence of the STK11 SNP in samples collected from African
American (AA) persons with MS (PwMS) and controls at multiple Veterans Affairs (VA) Medical
Centers and from a network of academic MS centers. Genotyping was carried out using a
specific Tagman assay. Comparisons of SNP frequencies were made using Fisher’s exact test

to determine significance and odds ratios. Group means were compared by appropriate t-tests
based on normality and variance using SPSS V27.
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Results: There were no significant differences in average age at first symptom onset, age at
diagnosis, disease duration, or disease severity between RRMS patients recruited from VAMCs
versus non-VAMCs. The SNP was more prevalent in AA than White PwMS, however only

in secondary progressive MS (SPMS) patients was that difference statistically significant. AA
SPMS patients had higher STK11 SNP prevalence than controls; and in that cohort the SNP was
associated with older age at symptom onset and at diagnosis.

Conclusions: The results suggest that the STK11 SNP represents a risk factor for SPMS in AA
patients, and can influence both early (onset) and later (conversion to SPMSS) events.

Keywords
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1. Introduction

Genetic studies have identified over 200 single nucleotide

polymorphisms (SNPs) associated with an increased risk of multiple

sclerosis (MS) (International_Multiple_Sclerosis_Genetics_Consortium 2019,
International_Multiple_Sclerosis_Genetics_Consortium 2018, Baranzini and Oksenberg,
2017, Patsopoulos et al., 2011, Beecham et al., 2013); however, the majority of studies were
done in persons of European ancestry. In contrast, few studies have examined the association
of genetic variants with MS in African American (AA) populations, and of those most
examined polymorphisms within major histocompatibility locus human leukocyte antigen
(HLA) alleles (Isobe et al., 2013, McElroy et al., 2010, Johnson et al., 2010, Cree et al.,
2009, Oksenberg et al., 2004). Outside the MHC region, several MS variants were shown to
replicate in AA populations, although some studies (Beecham et al., 2020, Isobe et al., 2015)
reported low replication pointing to significant heterogeneity amongst AA populations.
Differences in genetic risk factors for MS could contribute to differences in MS incidence,
prevalence or progression between AA and White populations (Amezcua and McCauley,
2020, Amezcua et al., 2018, Ventura et al., 2017, Cree et al., 2004).

We previously reported that a single nucleotide polymorphism (SNP) in the gene STK11
(serine-threonine kinase 11), which encodes LKB1 (liver kinase B1), is a risk factor in
White RR (relapsing-remitting) patients with MS (PwMS), with an odds ratio (OR) of

1.63 in females (Boullerne et al., 2015). The SNP is present in intron 5 of the STK11

gene, and the C>T alteration removes a consensus CRE transcription factor binding site,
which could influence STK11 gene expression. LKBL1 is a ubiquitously expressed kinase,
which activates multiple downstream kinases (Gan and Li, 2014) regulating cell functions
including metabolism, migration, and proliferation. LKB1 is a metabolic sensor which helps
maintain ATP levels during periods of intense activity and stress (Sebbagh et al., 2011).
Roles for LKB1 in MS are suggested from several mouse showing that LKB1 depletion
from spinal cord neurons led to axonal degeneration, macrophage infiltration, and hindlimb
paralysis (Sun et al., 2011); mice with LKB1 depletion from regulatory Tcells developed
an early onset autoimmune disease (Wu et al., 2017); and depletion from B-lymphocytes
led to their spontaneous activation (Walsh et al., 2015). Conditional depletion of LKB1
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from Schwann cells revealed a role in peripheral myelination (Beirowski, 2019, Pooya et

al., 2014, Shen et al., 2014); while we showed that conditional depletion from astrocytes
exacerbated disease in a mouse model of MS, associated with increased neuroinflammation
and damage to spinal cord motor neurons (Kalinin et al., 2020). Alterations in LKBL1 activity
may therefore account for the STK11 SNP being a risk factor for MS.

Our previous study examined STK11 SNP prevalence in United States PwMS of European
descent. To address whether this SNP is a risk factor in other populations, we examined its
frequency in PwWMS recruited at multiple Veterans Affairs Medical Centers (VAMCSs) and
compared that to its frequency in samples from PwMS and controls collected at academic
institutes and a non-for-profit MS tissue repository. Previous epidemiological studies have
suggested increased risk and greater disease severity of MS in military veterans compared
to civilians (Wallin et al., 2000, Wallin et al., 2004, Wallin et al., 2012, Wallin et al., 2014,
Wallin et al., 2018, Wallin et al., 2019); however, whether genetic factors contribute to those
differences has not been addressed. Our findings show that the STK11 SNP is a risk factor
for AA SPMS patients; and in contrast to White PwMS where the age at first symptom onset
and diagnosis is younger in SNP carriers, in AA PwMS it is associated with older ages.

2. Methods and Materials

2.1. Study Population

The study population was comprised of 5 cohorts (Table 1). Plasma samples (n=91) were
obtained from AA and White PwMS who participated in the VA Longitudinal MS Study
(VALOMS) (Royal et al., 2012). Informed consent was obtained from subjects between

the ages of 18 and 65 years at enrollment; with a diagnosis of definite MS based on
McDonald Criteria (Polman et al., 2005, Polman et al., 2011). Genomic DNA (gDNA)
samples (n=109) from AA PwMS were also obtained from the Accelerated Cure Project

for Multiple Sclerosis (ACP) Repository (Waltham, MA). gDNA samples from AA controls
were provided by Jorge Oksenberg, UCSF (n=398) and from ACP (n=42). Comparisons
were made to previously described (Boullerne et al., 2015) cohorts of White PWMS (n=654)
and controls (n=661). Patients in all cohorts were treated with interferon-beta or glatiramer
acetate which are now known not to interfere with long-term progression or conversion to
SPMS. All procedures were approved by the Baltimore VAMC Research and Development
Committee, each participating VAMC, and the University of Maryland and of Illinois
Institutional Review Boards. All studies were performed in accordance with the Declaration
of Helsinki.

2.2. Genomic DNA extraction from plasma samples

gDNA was extracted from plasma samples using Maxwell 16 LEV Blood DNA

Kit (Promega, Madison, WI, #AS1290). Concentrations were measured using Qubit

4 Fluorometer (ThermoFisher Scientific, Waltham, MA) or Quantus Fluorometer
(Promega) calibrated with double stranded DNA (ThermoFisher Scientific). Samples with
concentrations below 0.3 ng/ul, or that were cloudy were amplified and repaired using the
whole genome amplification REPLI-g FFPE Kit (Qiagen, Germantown, MD).
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2.3. DNA analysis

Genotyping was performed using a TagMan assay targeting the STK11 rs9282860 C/T allele
(Life Technologies, Carlsbad, CA, #C_25599132_10). PCRs were performed on an Applied
Biosystems ViiA7 instrument (Waltham, MA) using TagMan Genotyping Master Mix. Data
analysis was performed using ViiA7 software and Genotyper Software (Life Technologies).
The genotype of a subset of samples was confirmed by PCR amplification and Sanger
sequencing.

2.4. Data analysis

Group means were compared using parametric independent sample T-tests for equal or
non-equal variance based on results of Levene’s test for variance. Odds ratios (ORS)

were compared using Fisher’s exact test and Bonferroni correction. All analyses were
carried out using SPSS v27. MS Severity Scores (MSSS) were calculated from most recent
Expanded Disability Status Scale scores (EDSS) and disease duration since symptom onset
as described (Roxburgh et al., 2005).

3. Results

3.1. Demographics and Clinical Features of the VALOMS patients with MS

gDNA samples were obtained from PwMS from 10 different VAMCs. The majority of AA
PWMS (n=33, 36%) were from the Baltimore, MD and Washington, DC areas (Fig. 1A)
while the regional distribution of White PwMS (n=58, 64%) was more diverse (Fig. 1B).
The total cohort had 65 males and 26 females (2.5-fold ratio); in the AA cohort the gender
ratio (20M/13F, ratio = 1.5) was lower than in the White cohort (45M/13F, ratio=3.5). The
age at initial exam (enrollment and blood draw) tended to be younger in AA than White
PwMS (Table 1) and was significantly lower in AA compared to White male SPMS patients
(43.7£4.1 vs 52.5+1.5). VALOMS SPMS patients tended to have older age at initial exam
than RRMS patients, and was significantly different between White SPMS and RRMS
female patients (52.6+1.8 vs 42.8+2.8).

The age at diagnosis (Fig. 2A, Table S1) was younger in all AA compared to all White
PWMS (36.2+1.7 vs 41.2+1.3) but did not differ between individual AA versus White
genders. AA male SPMS, but not RRMS patients had a younger age at diagnosis than
corresponding White SPMS patients (35.6+4.4 vs 44.2+1.9), as did the combined male and
female cohorts (36.8+3.3 vs 44.1+1.6). White SPMS patients tended to have an older age

at diagnosis than White RRMS patients and was significantly different between combined
male and female groups (44.1+1.6 vs 38.7+2.0). The age at first symptom onset was similar
between all VALOMS AA and White PwMS (Fig. 2B).

In both White and AA groups, EDSS scores were significantly higher in SPMS than
corresponding RRMS patients (Table S1, Fig. 3A), except for the female White cohort.
AA SPMS patients tended to have higher EDSS scores than White SPMS patients, being
significantly different for combined male and female patients (6.3+0.3 vs 5.3+0.3). MSSS
was higher in SPMS compared to RRMS patients (Fig. 3B), and AA SPMS patients
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tended to have higher MSSS than White SPMS patients, significantly different between
the combined male and female cohorts (7.4+0.4 versus 5.8+0.5).

3.2. Comparison of VALOMS patients with MS to other cohorts

Comparisons were made to determine if MS diagnosis, treatment or progression differed
between PWMS seen at VAMCs compared to non-VAMC facilities. The geographic
distribution of AA PwMS differed between the ACP and VALOMS cohorts, with most
ACP subjects from Georgia (Fig. 1C). In contrast to the VALOMS cohort, the ACP cohort
consisted only of RRMS patients and was mostly females (92F/17M, ratio=5.4). Although
these were RRMS patients, comparisons were made to VALOMS SPMS patients since
SPMS begins as a RR disease. There were no significant differences between the average
age at exam (Table 1), age at diagnosis, disease duration from diagnosis, or EDSS scores
(Table S1; Fig. 3A) between the 2 groups; although as expected, VALOMS SPMS patients
had higher EDSS scores than ACP RRMS patients.

Comparisons of the VALOMS White PwMS were made to the previously described UCSF
cohort of 654 RRMS White PwMS (Boullerne et al., 2015), recruited from 44 different
US states (Cree et al., 2009). The age at exam was similar between the groups (Table 1),
although slightly higher in the VALOMS SPMS than UCSF RRMS male patients (52.5£1.5
vs 46.0£0.8). VALOMS White SPMS patients tended to have older age of symptom onset
than UCSF RRMS patients with significant differences between male patients (39.2+2.3
versus 32.9+0.6) and between the combined male and female groups (36.9+2.1 versus
32.7+0.4) (Table S1, Fig. 2B). The VALOMS White SPMS female patients also had
significantly longer disease duration than female UCSF White RRMS patients. VALOMS
White SPMS patients had higher EDSS scores (Fig. 3A) and showed a trend toward higher
MSSS (Fig. 3B) however, only the difference between the combined male and female
cohorts was significant.

3.3. Comparison of STK11 SNP prevalence in AA patients with MS to controls

STK11 SNP prevalence did not differ between ACP and UCSF AA controls, so these were
combined to yield 440 total controls. Comparison to VALOMS AA PwMS showed no
significant difference in STK11 SNP prevalence (Table 2, Fig. 4), although there was a
trend toward greater prevalence in female PwWMS (4/13, 31% genotype frequency) versus
female controls (43/329, 13%; OR=2.9, p=0.088). When stratified by subtype, the difference
between all AA SPMS patients (4/12, 33%) and controls (55/440, 13%) was almost
significant (OR=3.5, p=0.058). STK11 SNP prevalence tended to be greater in VALOMS
compared to ACP AA PwMS, however only the difference between all VALOMS SPMS
and all ACP RRMS patients was close to significant (OR=3.7, p=0.065). There were no
differences between the combined VALOMS and ACP AA RRMS cohorts (n=142 total) to
AA controls.

3.4. Comparison of STK11 SNP prevalence in AA to White patients with MS

Although STK11 SNP prevalence in VALOMS AA PwMS was greater than in VALOMS
White PWMS (Table 2, Fig. 4), those differences did not reach significance except for
prevalence in all AA SPMS patients (4/12, 33%) compared to all White SPMS patients
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(1/28, 4%; OR=13.5, p=0.022). Although prevalence in female AA SPMS (2/5, 40%) was
greater than female white SPMS (0/7, 0%), low group sizes precluded reaching statistical
significance (Fisher’s exact test = 0.15). Comparison to the UCSF White PwMS showed
higher prevalence in all AA (7/33, 21%) compared to all White PWMS (68/664,10.4%),
however those differences did not reach significance. The higher prevalence of the SNP in
female AA PWMS (4/13, 31%) compared to female White PwMS (49/445, 11.0%) was also
close to being significant (OR=3.6, p=0.052).

3.5. Comparison of STK11 SNP prevalence in VALOMS White PwWMS to controls

Although SNP prevalence was slightly higher in VALOMS White RRMS patients compared
to White controls (Table 2, Fig. 4), no significant differences were observed. This contrasts
to UCSF White RRMS patients who had significantly higher SNP prevalence versus White
female controls (Boullerne et al., 2015).

3.6. The STK11 SNP is associated with age at first symptom onset and at diagnosis

In VALOMS AA PwMS, neither average EDSS, age at first symptom onset, disease
duration, nor MSSS (Table 3, Fig. 5) were different between subjects with or without the
STK11 SNP; however, age at diagnasis in the combined male and female cohort tended
to be older in subjects with the SNP, (41.9 £ 4.1 years) versus those without (34.6 £ 1.7
years, p=0.073). In the combined cohort of VALOMS and ACP AA PwMS, average age
at diagnosis was older in those with the SNP versus those without (41.2 + 2.5 versus 35.2
+ 0.8, p<0.05), and this association was also present in males with the SNP (47.6 + 4.9
versus 34.7 = 1.5, p<0.01) but not females. When stratified by MS subtype, age at first
symptom onset and at diagnosis were both significantly older in SPMS subjects with the
SNP, however there were no significant associations of these parameters with the SNP in
RRMS subjects.

In contrast to AA PwWMS, White PwMS in the VALOMS cohort with the STK11 SNP
(Table 4) tended to have a younger, rather than older age at first symptom onset and

at diagnosis, and lower EDSS and MSSS; however, none of those differences reached
statistical significance. In contrast, in the UCSF White RRMS subjects (Boullerne et al.,
2015), those with the SNP had significantly lower EDSS, and male subjects showed a trend
towards younger age at first symptom onset.

4. Discussion

In the current study we examined the prevalence of the STK11 SNP in AA and White
PwMS enrolled in the VALOMS study, as well as corresponding cohorts recruited from
non-VAMC facilities. Comparison of clinical features showed relatively little differences
between the VALOMS patients and the other cohorts, although as expected, SPMS patients
had higher neurological scores. The STK11 SNP was present at highest prevalence in AA
SPMS patients, and close to be significantly greater than that in AA controls, suggesting it
may be a risk factor for SPMS in this population. Interestingly, AA SPMS patients with the
SNP had an older age at first symptom onset and diagnosis than those with the common
allele, suggesting an influence of this SNP at an early (e.g. onset) stage of MS disease.
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4.1. Military Veterans and MS

A study of Veterans with MS who had active duty during the Gulf War Era reported that
MS incidence and severity is higher in Veterans compared to civilians, with the highest
incidence in AAs (Wallin et al., 2012). That study found no effect of race or sex on the
age of symptom onset (30.7+7.6 y) for the entire group; and consistent with that, we found
no effect of race or sex on age of first symptom onset in the VALOMS cohort. However,
we found that age at diagnosis tended to be younger in AA than White PwMS, with a
significant difference between SPMS cohorts. We also found MSSS tended to be higher

in AA than White PwMS, however only the difference between SPMS patients reached
significance. This contrasts from another study which found that AA male Veterans had
higher MSSS than other sex-race groups (Wallin et al., 2018). However, that finding may
be due to inclusion of PPMS patients in the AA group (9.1% of AA patients) compared

to only 5.1% PPMS in the White cohort; in contrast PPMS cases were not included in the
current study. Overall, our results do not indicate any significant differences in disease onset
or severity in AA compared to White Veterans, other than that expected for SPMS cohorts.

Comparison of the AA VALOMS to ACP AA RRMS patients showed no significant
differences in either age of exam, age at diagnosis, or EDSS scores. Similarly, there were no
significant differences between VALOMS and UCSF White RRMS cohorts. This suggests
that Veteran PWMS at VAMCs are seen, diagnosed, and have similar disease progression as
patients treated at non-VA facilities.

4.2. STK11 and MS severity and progression

Although both EDSS scores and MSSS tended to be higher in AA subjects who harbored
the STK11 SNP compared to those with the C/C allele (Table 3), none of those differences
reached statistical significance. This contrasts from lower MSSS and EDSS scores in the
VALOMS White PwWMS, and from a significant association of the SNP with lower MSSS
scores in UCSF White PwMS (Boullerne et al., 2015). In the VALOMS AA PwWMS, the
SNP was associated with older age at disease onset and at diagnosis in all cohorts and

these were significantly different in SPMS patients. In contrast, there was a trend towards an
association of the SNP with younger age at onset in the UCSF White RRMS patients, which
we also observed in the VALOMS White cohorts (Table 4). While small group sizes may
account for lack of significant effects in the VALOMS cohorts, the trend towards an opposite
association with MSSS, EDSS, disease onset, and disease diagnosis suggests that the variant
differentially influences disease progression in AA compared to White PWMS.

Despite the small group size in the AA SPMS cohort (n=12 total), the STK11 SNP

was almost significantly associated with MS risk compared to controls; and significantly
associated when compared to all White SPMS patients. This SNP may therefore represent a
risk factor for developing SPMS in the AA population. Conversely, the absence of the SNP
in female white SPMS patients suggests the SNP reduces conversion to SPMS in this group;
although the low group sizes precludes drawing any strong conclusions. Relatively few
studies have attempted to identify risk factors for either MS progression or conversion from
one form to another (Jokubaitis and Butzkueven, 2016). Environmental and dietary factors
may contribute to conversion, including deficiencies in vitamin D (Ascherio et al., 2014)
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and rare variants in cytochrome CYP27B1 which converts Vitamin D to its active form
(Ascherio, 2013, Munger and Ascherio, 2011). Smoking also has a significant association
with overall MS risk as well as SPMS risk (Degelman and Herman, 2017).

4.3. STK11 SNP and disease progression

Several genetic studies have attempted to identify SNPs associated with disease progression
or conversion. In contrast to the strong association of HLA with MS risk, several studies
were unable to find a strong influence of HLA on MS type, progression, relapse rate, or
severity (Longbrake and Hafler, 2016), although women with high HLA burden developed
MS at a younger age (Isobe et al., 2016). In contrast, a retrospective study of White PwWMS
revealed an association of the HLA-A*02:01 allele with decreased conversion to SPMS
(Misicka et al., 2020). Outside the HLA, 2 non-HLA SNPs were identified which predicted
conversion from the first demyelinating event to MS and of relapse; as well as 3 non-HLA
SNPs which predicted conversion and 3 which predicted relapse (Pan et al., 2016). In a
comparison of ‘benign’ MS (EDSS <= 3 after 15 or more years) to ‘aggressive’ MS (EDSS
>= 6 within 5 years of onset) 2 SNPs were found associated with disease course, one in
CPXM2 (carboxypeptidase X); and one in IGSF9B (immunoglobulin superfamily member)
(Gil-Varea et al., 2018). Variants in genes which influence mitochondrial function have
also been implicated in conversion to MS or disease progression. In one study, specific
mitochondrial haplotypes were found associated with increased MS risk (Tranah et al.,
2015), with many SNPs present in genes encoding mitochondrial complex I. A search for
variants that could distinguish different MS forms (Jia et al., 2018) showed enrichment for
variants related to HSP (hereditary spastic paraplegia, a disease of upper motor neurons
involving metabolic disturbance (Blackstone, 2018)) in SPMS but not RRMS patients,
including 2 (REEP1 and SPG7) involved in mitochondrial function and axonal injury (Zheng
et al., 2018, Atorino et al., 2003). In our EAE studies (Kalinin et al., 2020) we showed

that conditional depletion of LKB1 from astrocytes, which can provide energy substrates
to neurons and oligodendrocytes, reduced mitochondrial complex expression, and reduced
expression of MRNAs related to astrocyte metabolism. This suggests that in PwMS, the
STK11 SNP could decrease mitochondrial function or glial metabolism, either of which
could contribute to increased risk of SPMS.

We found that the STK11 SNP was associated with older age at symptom onset in AA
SPMS patients (Table 3). An association of older age at onset and being male with SPMS
was reported in 2 studies (Misicka et al., 2020, Fambiatos et al., 2020), as well as increased
risk of SPMS with older age at symptom onset, higher EDSS and faster disability accrual
(Fambiatos et al., 2020). In contrast, the STK11 SNP showed a trend to younger age at onset
in AA RRMS patients; as well as in VALOMS and UCSF White RRMS patients. Since
SPMS begins as an RR disease, the age at first symptom onset in SPMS patients reflects

the age RRMS began. A possible explanation to reconcile being a risk factor for MS yet
associated with delayed onset (at least in AA patients) is that the SNP may suppress early
development of MS, for example by increasing apoptosis of Tcell populations that contribute
to disease onset; whereas at later times it actions in other cell types, for example reducing
mitochondrial function in neurons, could accelerate RRMS to SPMS progression.
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4.4. Study limitations and conclusions

The current study has several limitations. Relatively small group sizes limit the ability

to detect statistically significant differences in demographic or clinical features; although

an almost significant increase in STK11 SNP prevalence in AA SPMS patients versus
controls was achieved with 12 SPMS patients. The geographic distribution of subjects also
differs; whereas VALOMS AA PwMS were primarily from Baltimore, MD and Washington,
DC areas; AA PwWMS in the ACP cohort were predominantly from Southern US, while

AA controls were drawn from 39 different US States (Cree et al., 2009). Since the AA
genetic makeup differs across the US (Adhikari et al., 2017, Isobe et al., 2013), comparison
of cohorts from different regions may be confounded by differences in African versus
European ancestry.

To our knowledge, the current study represents one of the first examinations of non-HLA
SNPs in a demographically diverse cohort that included military Veterans, a population with
racial and ethnic diversity that reflects the US population. These findings, therefore, may

be more relevant to the US population than results from larger GWAS discovery studies
which primarily use Caucasian cohorts of European descent. Further study of the STK11
SNP is therefore warranted in large population-based cohorts to assess for associations with
morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Regional distribution of VALOMS and ACP patients with MS

Values for the number of male and female patients are shown by state for VALOMS (A) AA
and (B) White PwWMS; and (C) AA PwWMS from ACP. nd, no data.
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Table 1:
Study Cohorts and Age at Exam
Source Race Gender MSType N Ageat Exam

VALOMS AA Male RR 13 44624

SP 7 43.7+414
Female RR 8 41.1+3.0
SP 5 48.0+ 4.5
White Male RR 24 48721

P 21 525%15b

Female RR 6 428+28°C
SP 7 52616
ACP AA Male RR 17 40427
Female RR 92 42311
UCSF White Male RR 209 46.0+0.8
Female RR 445 470+22
ACP AA Male Control 11 49.9+41
Female Control 31 469+31
UCSF AA Male Control 100 453+11
Female Control 298 43506
ACP & UCSF AA Male Control 111 458=+11
Female Control 329 438+0.6
UCSF White Male Control 236 44509
Female Control 425 426+0.6

#p<0.05 versus VA White male SPMS

b,

'P<0.05 versus UCSF White male RRMS

C'P<O.05 versus VA White female SPMS. Data is mean =+ se.

secondary progressive.

AA, African American; ACP, Accelerated Cure Project; RR, relapsing remitting; SP,
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