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Abstract

Objective: To investigate the causal link between natural killer (NK) cell receptor CD244 and head and neck cancer (HNC), and to evaluate
sphingomyelin (SM) as a potential mediator of this relationship.

Methods: A two-sample Mendelian randomization (MR) analysis was conducted using genome-wide association study (GWAS) summary
statistics from European cohorts (NCD244=14,735; NHNC=2,131; NSM=8,260). Instrumental variables (32 SNPs for CD244, 79 SNPs for HNC)
were selected at genome-wide significance (P<5x10° /5x10°) after rigorous linkage disequilibrium clumping. Causal estimates were generated
using inverse variance weighting (IVW), MR-Egger, and weighted median methods. Mediation analysis quantified SM's contribution to CD244-
HNC associations.

Results: Genetically predicted CD244 levels showed a protective effect against HNC (IVW OR=0.82 per SD, 95% Cl:0.71-0.94, P<0.01), while
elevated CD244 was associated with reduced SM levels (IVW OR=0.92, 95% CI:0.86-0.98, P<0.05). Conversely, SM demonstrated risk-enhancing
effects on HNC (IVW OR=1.20, 95% CI:1.01-1.41, P=0.03). Mediation analysis revealed that SM accounted for 7.3% of the total CD244-associated
HNC risk.

Conclusion: This study establishes a causal protective role of CD244 in HNC pathogenesis, partially mediated through SM. The findings highlight
CD244 and SM metabolism as potential targets for HNC immunomodulatory therapies. Future research should validate these mechanisms in

diverse populations and explore additional mediators.
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Introduction

Natural Killer (NK) cells are a type of cytotoxic lymphocyte that
play a significant role in the innate immune system. These
cells can recognize and eliminate infected cells as well as
cancerous cells without prior sensitization or activation [1].
The receptor 2B4 (also known as CD244) is a protein found on
the surface of NK cells. It belongs to the signaling lymphocytic
activation molecule (SLAM) family of receptors [2]. It serves
as a co-stimulatory molecule, contributing to NK cell activation
and cytotoxicity when engaged [3-5]. The interaction of
CD244 with its ligands on target cells or other immune cells
helps regulate NK cell-mediated cytotoxicity and can influence
the immune response against infections and tumors [6,7].
Dysfunction or alterations in CD244 signaling might impact
the activity of NK cells and consequently affect immune
responses and disease outcomes [8—10].

Head and neck carcinoma (HNC) is a type of cancer that
primarily affects the oral cavity, sinonasal cavity, pharynx,
and larynx [11]. It ranks about sixth in terms of incidence
and mortality rate worldwide, with approximately 800,000

new cases and 44,000 deaths reported annually [12]. Current
diagnostic methods for HNC include physical examination,
endoscopic examination, imaging examination, biopsy, and
tumor biomarker detection [13]. However, these methods
have their limitations. For example, the sensitivity of visual
examination of the mouth for detecting oral precancerous
and cancerous lesions varies, and when the affected area is
not easily accessible, the accuracy may be lower [14]. This
challenge also applies to tissue biopsy. Therefore, there is a
need for alternative diagnostic approaches and Therapeutic
target.

Sphingomyelin (SM) is a type of lipid molecule that belongs
to the class of phospholipids and is an essential component
of cell membranes. It consists of a sphingosine backbone
linked to phosphorylcholine, forming a molecule that plays a
crucial role in the structure and function of cell membranes. It
plays significant roles in cell signaling, maintaining membrane
integrity, and is particularly important in the nervous system as
a major component of neuronal membranes [15].

Mendelian Randomization (MR) is a causal inference method
that utilizes genetic variation as an instrumental variable
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to assess the impact of exposure factors on outcomes in
observational data. This ensures a relatively low correlation
between the exposure variable and other potential
confounding factors, thereby enhancing the credibility of
causal inference. Simultaneously, MR helps to avoid reverse
causality, as genetic variations typically precede exposure
factors, reducing the likelihood of reverse causation [16]. The
study aims to ascertain whether there is a causal relationship
between CD244 and HNC, and to evaluate the extent to which
the effects of CD244 on HNC are mediated by sphingomyelin.

Methods

Study design

The data utilized in our analysis were sourced from publicly
available datasets and received approval from the institutional
review committee in the respective studies. Consequently, no
additional sanctions were required. All outcomes derived from
this analysis are comprehensively outlined in the main article
and its supplementary materials.

In this research, we explored the bidirectional causal
relationship between CD244 and HNC through a two-
sample MR approach. In our investigation, single nucleotide
polymorphisms (SNPs) were identified as instrumental
variables (IVs) [17].

GWAS summary data sources

All the data employed in our research were sourced from
publicly accessible datasets, and the individuals included in
the Genome-Wide Association Study (GWAS) belonged to
European ancestry.

The genetic correlations related to CD244 levels were
extracted from a GWAS meta-analysis conducted by Zhao and
collaborators, encompassing a total of 14,735 participants
(https://www.ebi.ac.uk/gwas/studies/GCST90274771) [18].
We obtained summary statistics for HNC from the FinnGen
research project (https://www.finngen.fi/en). The research
project conducted a GWAS involving 2,131 individuals of
Finnish descent, with a gender distribution of 1,466 males and
665 females [19].

Sphingomyelin level summary statistics were extracted from
a study conducted by Chen and collaborators [20], involving
8,260 unrelated individuals of European descent. The original
publication detailed the study design, encompassing sample
collection, quality control protocols, and imputation techniques.
The GWAS data originated from separate consortia or
organizations, ensuring the absence of sample overlap.

Instrumental variable selection and data harmonization

We incorporated SNPs that achieved genome-wide
significance (P < 5 x 10®). In cases where no SNPs met the
criteria for genome-wide significance as instrumental variables
(IVs), SNPs with significance levels below the genome-wide
threshold (P < 5 x 10°) were considered as potential IVs.
Subsequently, these SNPs underwent clustering based on
linkage disequilibrium (with a window size of 10,000 kb and r?
< 0.001). The estimation of linkage disequilibrium levels was
derived from European samples within the 1000 Genomes
Project [21]. If a particular SNP associated with the exposure
was not present in the outcome dataset, proxy SNPs were
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employed using LD tagging. Palindromic and ambiguous SNPs
were excluded from the instrumental variables utilized in the
Mendelian randomization analysis [22].

Statistical analysis

We conducted MR analysis using the R software (version 4.2.0,
http://www.r-project.org).

To assess the causal relationship between CD244 levels and
HNC, we employed various statistical methods, including
inverse variance weighting (IVW) [23], weighted median-based
[24] and mode-based methods [25]. These analyses were
predominantly conducted using the 'Mendelian-Randomization'
package (version 0.4.3) [26].

Cochran’s Q statistic and corresponding p values were
employed to examine the heterogeneity among the chosen
instrumental variables (IVs). In case the null hypothesis is
rejected, the random effects Inverse Variance Weighting
(IVW) method was employed instead of the fixed-effects
IVW [23]. To address the influence of horizontal pleiotropy,
a widely used approach known as MR-Egger was employed.
The utilization of MR-Egger indicates the potential existence
of horizontal multiplicity, particularly if the intercept term
is found to be significant [27]. Furthermore, we employed
the MR-PRESSO method, a resilient approach, to detect and
remove potential horizontal pleiotropic outliers that could have
a substantial impact on the estimation results within the MR-
PRESSO package [28]. In addition, we utilized scatter plots and
funnel plots in our analysis. The scatter plots demonstrated
the resilience of outcomes to outliers, while the funnel plots
illustrated the robustness of the correlation and the absence
of heterogeneity.

Primary analysis
Figure 1 provides a schematic overview of the analysis. A
two-sample bidirectional MR was conducted to examine
the reciprocal causation between CD244 levels and HNC, as
illustrated in Figure TA. This analysis focused on determining
the total effects.

CD244 Head and neck carcinoma (HNC)

Sphingomyelin (SM)
&

Figure 1 Illustrations in this study depict the associations under
investigation. In (A), the total effect between CD244 and head and
neck carcinoma (HNC) are presented. "c" represents the total effect
utilizing genetically predicted CD244 as the exposure and HNC as the
outcome, while "d" depicts the total effect using genetically predicted
HNC as the exposure and CD244 as the outcome. Moving to (B), the
total effect is further dissected into two components: (i) the indirect
effect employing a two-step approach (where "a" denotes the total
effect of CD244 on SM, and "b" signifies the effect of SM on HNC) and
the product method (a x b), and (ii) the direct effect (¢' = ¢ — a x b). The
proportion mediated is calculated by dividing the indirect effect by the
total effect.

o

CD244

Head and neck carcinoma (HNC)



Inverse variance weighting (IVW) employs meta-analysis to
amalgamate the Wald ratios of causal effects associated with
each individual SNP [22,29]. Then, MR-Egger [27] and weighted-
median [24] methods were employed as supplementary
analyses to complement the Inverse Variance Weighting
(IVW) method. Various methods, aligned with different validity
assumptions, have been employed to derive MR estimates.
The utilization of the Inverse Variance Weighting (IVW)
method is contingent upon the assumption that all Single
Nucleotide Polymorphisms (SNPs) serve as valid instrumental
variables. Hence, this approach has the potential to generate
precise estimation outcomes. MR-Egger evaluates directional
pleiotropy concerning instrumental variables, with the intercept
serving as an estimate of the average pleiotropy associated
with genetic variation. The weighted median method offers the
benefit of retaining greater precision, indicated by a smaller
standard deviation, in comparison to MR-Egger analysis. In
situations involving horizontal pleiotropy, the weighted median
consistently yields estimates, maintaining accuracy even when
50% of the genetic variants are deemed invalid instrumental
variables [30].

Mediation analysis

We performed a mediation analysis using a two-step
MR design to explore the potential mediation role of
sphingomyelin levels in the causal pathway from CD244 levels
to the occurrence of HNC (Figure 1B). The total effect can be
broken down into an indirect effect, which operates through
mediators, and a direct effect, which occurs independently
of any mediators [31]. The overall influence of CD244 levels
on HNC was dissected into two components: 1) the direct
effects of CD244 levels on HNC (represented as c' in Figure
1B) and 2) the indirect effects mediated by CD244 through an
intermediary (expressed as a x b in Figure 1B). The proportion
mediated by the intermediary effect was determined by
dividing the indirect effect by the total effect.

Results

Association of CD244 levels with HNC

After the exclusion of palindromic and ambiguous SNPs,
along with SNPs lacking proxies and those exhibiting incorrect
causal directions flagged by MR Steiger filtering, a total of 32
SNPs were found to be linked with CD244 levels. Additionally,
79 SNPs associated with HNC were identified and utilized as
instrumental variables (refer to Supplementary Tables S1).

We utilized IVW, MR-Egger, and weighted median regression
techniques to estimate the causal association between CD244
levels and HNC, as illustrated in Figures 2 and 3. Among the
three statistical methods, two of them supported the negative
association of CD244 levels with HNC (IVW odds ratio [OR]
per SD increase in CD244 levels = 0.82 [95% Cl, 0.71-0.94], P <
0.01; MR-Egger OR per SD increase in CD244 levels = 0.72 [95%
Cl, 0.55-0.95], P < 0.05). Nevertheless, our MR analysis did
not uncover any indications of reverse causation concerning
genetically predicted CD244 levels and HNC. In other words,
there is no evidence suggesting a causal relationship where
HNC influences CD244 levels. The odds ratio (OR) calculated
through the Inverse Variance Weighting (IVW) method was 0.99
[95% Cl,0.97-1.01; p = 0.37], as illustrated in Figure 3.

https://doi.org/10.71321/cdx1k098

Association of CD244 levels with SM

We successfully identified 32 instrumental variables with
genome-wide significance. This accomplishment involved the
exclusion of palindromic and ambiguous SNPs, along with
SNPs lacking proxies and those flagged by MR Steiger filtering
for being in the incorrect causal direction. Based on the
analyses conducted using the IVW, MR—Egger, and weighted
median methods, it was observed that CD244 levels exhibited
a negative correlation with the risk of sphingomyelin (IVW
method, odds ratio 0.92; [95% Cl, 0.86-0.98], P < 0.05). The
findings are visually represented in Figure 3.

Association of sphingomyelin with HNC

We have identified and presented all genetic instruments
linked to SM at the genome-wide significance level (P<5x 10°).
In Figure 3, the genetically predicted levels of sphingomyelin
showed a positive correlation with HNC [OR=1.20, 95% CI 1.01-
1.41; P=0.03] when utilizing the IVW method.

Proportion of the association between CD244 levels and HNC
mediated by SM

We conducted an analysis of SM as a mediator in the
pathway connecting CD244 levels to HNC. The results of our
study indicate a correlation between elevated CD244 levels
and decreased SM, thereby leading to an increased risk of
HNC. As depicted in Figure 4, our research illustrates that
sphingomyelin accounted for 7.3% of the elevated HNC risk
associated with CD244 levels.

Sensitivity analysis

Several sensitivity analyses were implemented to explore and
address the potential presence of pleiotropy in the causal
estimates. The absence of heterogeneity or asymmetry among
these SNPs in their causal relationship was revealed through
Cochran’s Q-test and funnel plot, as indicated in Supplementary
Table S2 and Supplementary Figure S1. Our study utilized the
MR-Egger intercept, indicating no signs of pleiotropy at the
directional level of the CD244 levels instrument, as presented
in Supplementary Table S2. Horizontal pleiotropy was not
observed based on the MR-PRESSO global test, as detailed
in Supplementary Table S2. The impact of each SNP on the
overall causal estimates was validated through leave-one-out
analysis, as depicted in Supplementary Figure S2. Following
the exclusion of each SNP, a comprehensive reevaluation
of the MR analysis for the remaining SNPs was undertaken.
The results consistently upheld the significance of the causal
relationship, underscoring the pivotal role of all SNPs in
establishing its importance.

Discussion

Recent studies [32,33] have explored the correlation
between CD244 and HNC. However, existing evidence relies
predominantly on observational studies, potentially susceptible
to the influence of confounding factors. Our study sought to
elucidate the causal relationship between CD244 and HNC.
Employing MR analysis, we examined the link between CD244
and HNC using available GWAS data, aiming to determine
whether the observed causal relationship involves mediation
through SM. Our findings indicate that CD244 is associated
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Figure 2 Forest plot to visualize causal effect of each single SNP on total HNC risk.
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Figure 3 Forest plot to visualize the causal effects of SM with CD244 and HNC.

14

exposure
CD244 on HNC
CD244 on HNC
CD244 on HNC
HNC on CD244
HNC on CD244
HNC on CD244
CD244 on SM
CD244 on SM
CD244 on SM
SMon HNC
SMon HNC
SMon HNC

P ——
——
' ' 1 '
=2 = 0 1
MR effect size for
'exposure' on 'outcome’
MR.method nsnp pval forest or_lci9s or_uci9s
MR Egger 32 0.027710897 l‘-l: 0.5450521 0.9509987
Weighted median 32 0.143246216 l-ﬂll 0.6700240 1.0597505
Inverse variance weighted 32 0.005271927 ] 0.7061043 0.9410087
MR Egger 79 0.570123144 + 0.9786348 1.0401065
Weighted median 79 0.643054905 ? 0.9680119 1.0202797
Inverse variance weighted 79 0.368217378 7 0.9749184 1.0094612
MR Egger 32 0.213310159 o 0.8045684 1.0474170
Weighted median 32 0.477592180 Iﬁl 0.8687693 1.0680626
Inverse variance weighted 32 0.011121097 i| 0.8635056 0.9812942
MR Egger 30 0.499984810 =e—i  0.7966587 1.6011270
Weighted median 30 0.054855404 ;-O—C 0.9952498 1.5874035
Inverse variance weighted 30 0.033926843 }-0-1 1.0136717 1.4110363
P<0.05 was considered statistically significant 0 1 2

protective factor risk factor

OR(95%Cl)

0.72(0.55 to 0.95)
0.84(0.67 to 1.06)
0.82(0.71 to 0.94)
1.01(0.98 to 1.04)
0.99(0.97 to 1.02)
0.99(0.97 to 1.01)
0.92(0.80 to 1.05)
0.96(0.87 to 1.07)
0.92(0.86 to 0.98)
1.13(0.80 to 1.60)
1.26(1.00 to 1.59)
1.20(1.01 to 1.41)



Figure 4 Schematic diagram of the SM mediation effect.
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with a reduced risk of HNC (an 18% decrease in HNC risk for
every 1 standard deviation increase in CD244). Furthermore,
our analysis suggests that 7.3% of this effect is mediated
through SM.

We are pioneering the exploration of the causal association
between CD244 and the susceptibility to HNC through MR
techniques. Additionally, we provide evidence showcasing
SM as a mediator in this relationship. Our results align with
previous observations derived from conventional observational
approaches. As part of the SLAM family, 2B4, when binding
with its ligand CD48, exhibits dual functionalities involving
both activation and inhibition. Notably, 2B4 plays a crucial
regulatory role in conditions such as malignant tumors, chronic
viral infections, and autoimmune disorders [34]. Altavater et
al. discovered that the 2B4 receptor plays a powerful role as
a costimulatory factor in NK cells. By integrating the internal
domain of 2B4 into chimeric receptors with T-cell receptor
zeta, they observed a substantial improvement in various
facets of NK cell activation when encountering leukemia or
neuroblastoma cells expressing antigens. This improvement
includes heightened lysosome release, enhanced growth
inhibition, and the successful overcoming of NK cell
resistance in autologous leukemia cells, all while preserving
antigen specificity [35]. In contrast, Agresta et al. observed a
correlation between elevated CD244 expression and PD-L1
expression, as well as heightened spontaneous expression of
immune-suppressive mediators, in a study focused on head
and neck squamous cell cancer (HNSCC) [36]. Moreover,
their findings indicated that mice lacking CD244 (CD244-/-
) exhibited significantly impaired tumor growth in the context
of HNSCC. When wild-type (WT) mice were subjected to
interventional treatment with an anti-CD244 monoclonal
antibody, there was a notable reduction in the growth of
established HNC tumors, accompanied by an increase in
tumor-infiltrating CD8+ T cells.

The findings from our analysis demonstrate a positive
association between SM and HNC. This conclusion is
substantiated by a study conducted by Wang et al. [37].
The correlation between disease progression and the
concentrations of SM 42:2 and SM 42:3 was identified,
suggesting their potential utility as biomarkers for diagnosing
laryngeal cancer. In contrast, Zheng et al. observed a
distinctive phenotype in intratumoral NK cells characterized
by a smooth and rounded appearance, deviating from the
typical villi-rich, rough surface of normal NK cells. This unique
phenotype was associated with a specific deficiency in
membrane sphingomyelin lipids, leading to an impairment in
the ability to kill tumor cells [38].

The SLAM-family receptors, including CD244, have a

https://doi.org/10.71321/cdx1k098

substantial impact on various biological processes, such
as cytotoxicity, humoral immune responses, autoimmune
diseases, lymphocyte development, cell survival, and cell
adhesion. Growing evidence suggests their involvement in
cancer progression, positioning them as emerging immune
checkpoints on T cells [39]. Additionally, the SM metabolic
pathway has gained recognition as a novel therapeutic target.
A recent study demonstrated the use of anti-angiogenic drugs
to enhance chemotherapy sensitivity in tumors by specifically
targeting SM [40].

This study is subject to several limitations. Firstly, the analysis
was conducted using data exclusively from the European
population, which restricts the generalizability of our findings.
Secondly, the limited number of HNC cases in the GWAS
dataset presents a constraint; we anticipate that larger
GWAS datasets will become available for future validation.
Thirdly, despite efforts to identify and eliminate outlier
variants, we cannot entirely rule out the potential impact of
horizontal pleiotropy on our results. Fourthly, our study relied
on summary-level statistics rather than individual-level data,
preventing further exploration of causal relationships within
subgroups, such as females and males. Additionally, our
findings suggest a relatively low genetic prediction of CD244
mediated by SM, standing at only 7.3%. Consequently, further
research is imperative to quantify additional mediators.

Conclusion

In summary, our research established a causal link between
CD244 and HNC. While a minor portion of the impact is
mediated by SM, the predominant influence of CD244 on HNC
remains ambiguous. Additional investigations are warranted
to delve into other potential risk factors that may act as
mediators in this relationship.

Abbreviations
Abbreviation Full Term
NK Natural Killer cells
CD244 Cluster of Differentiation 244 (2B4)
SLAM Signaling lymphocytic activation molecule
HNC Head and neck cancer
HNSCC Head and neck squamous cell carcinoma
SM Sphingomyelin
MR Mendelian randomization
GWAS Genome-wide association study
SNP Single nucleotide polymorphism
IVW Inverse variance weighting
IVs Instrumental variables
OR Odds ratio
Cl Confidence interval
WT Wild-type
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