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endogenization. If so, genomic evolution from these primate ancestors would have been, at 

least in part, dictated by the processes of HERV endogenisation and domestication, which is 

itself mainly dictated by the host’s immune system (Dewannieux and Heidmann, 2013). 

Accordingly, differences regarding the insertion sites of MER41 LTRs in the promoter region 

of a large range of genes, including cognition-related (ID-associated) genes, might have 

played roles in cognitive speciation.  Conferring an evolutionary role to the 

immune/MER41/cognition pathway is further supported by the demonstration of human vs 

chimp differences at 3 levels of the immune/MER41/cognition pathway: i) TFs that bind 

MER41 LTRs, ii) insertions sites of MER41 LTRs and iii) cognition-related (ID-associated) 

genes with promoter-localized MER41 LTRs. It is worth noting that MER41 LTRs are not 

enriched in the promoter regions of ASD- or schizophrenia-related genes. This finding 

suggests that selected aspects of cognitive evolution in the primate genus are linked to 

MER41. 

Our work also indicates that, in humans, immune regulation of the MER41/cognition 

pathway is not limited to IFN and its main downstream signaling molecule, STAT1. Indeed, 

the MER41 LTRs located in the promoter regions of cognition-related (ID-associated) genes 

harbor TFBSs for a group of 5 interacting immune-related TFs (STAT1, STAT3, NFKB1, YY1 and 

CEBPB) which are themselves functionally linked to multiple cytokines including IFN. 

Moreover, in this functional network, the prototypical pro-inflammatory cytokine IL-6 rather 

than IFN appears to be the main hub.  Thus, cognitive evolution after our split from chimps 

might have been influenced by the process of endogenization and domestication of MER41 

HERVs and by the parallel genomic evolution of immune genes. In this view, it is worth 

noting that, overall, immune genes harbor the highest levels of purifying selection in the 

human genome, which reflects the key functions of immunity in the defense against life-
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threatening infectious agents (Deschamps et al., 2016). This is notably the case for STAT1 

(Deschamps et al., 2016).   

 Owing to its putatively important role in the immune/MER41/cognition pathway, 

YY1 deserves particular attention. Indeed, YY1 binding sites are observed in the LTRs from all 

MER41 subtypes (MER41 A to E) and YY1 is a direct protein partner of both NFKB1 and 

FOXP2, two TFs exerting major roles in immunity and language respectively. Moreover, YY1 

is not only recognized as being crucially involved in CNS development (as notably shown in 

the inherited brain disorder “Gabriel-de Vries syndrome”), but also as exerting major 

functions in the immune system. In particular, YY1 was demonstrated to inhibit 

differentiation and function of regulatory T cells by blocking Foxp3 expression (Hwang et al., 

2016) and to  regulate effector cytokine gene expression and T(H)2 immune responses (Guo 

et al., 2008). We previously proposed that the nervous and immune systems have somehow 

co-evolved to the benefits of both systems, particularly regarding cognitive evolution, 

including our language-readiness (Benítez-Burraco and Uriagereka, 2016; Nataf, 2017a). In 

this context, YY1 may represent a new molecular connection between immunity and 

cognition and, even more specifically, between immunity and speech or language more 

generally.  

NFKB1 may also draw specific interest since its neuronal expression was reported to 

be essential to behavior and cognition in both invertebrates and mammals (Dresselhaus et 

al., 2018; Kaltschmidt and Kaltschmidt, 2009; Mattson and Meffert, 2006; Meffert and 

Baltimore, 2005). In the central nervous system of rodents, components of the NFKB 

complex are detectable in neuronal processes and in synapses under physiological 

conditions (Dresselhaus et al., 2018; Salles et al., 2014). Moreover, synaptic transmission as 
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well as exposure to neurotrophins activate the NFKB pathway in neurons (Kaltschmidt and 

Kaltschmidt, 2009; Mattson and Meffert, 2006; Meffert and Baltimore, 2005).  In turn, NFKB 

activation in neurons triggers the transcription of multiple neuronal genes that may favor 

cognition and shape behavior. This is notably the case for neuropeptide Y and BDNF (Snow 

and Albensi, 2016).  

The immune-mediated retrotranscription of specific HERVs was shown possibly to 

negatively influence the outcome of CNS disorders (Douville et al., 2011; Douville and Nath, 

2017; Kremer et al., 2013; Küry et al., 2018). While our work unravels the putative 

evolutionary-determined advantage conferred by the immune/MER41/cognition pathway in 

human, it also points to the potential weaknesses that are inherent to such a pathway. 

Indeed, our data indicates that non-inherited forms of ID might result from alterations of the 

immune/MER41/cognition pathway. Such a dysfunction may be induced by the untimely or 

quantitatively inappropriate exposure of neurons to specific cytokines, notably IL-6 or IFN, 

which physiologically shape neurotransmission (Baier et al., 2009; Chourbaji et al., 2006; 

Gruol, 2015; Litteljohn et al., 2014; Victório et al., 2010) and are possibly involved in the 

immune/MER41/cognition pathway.   

To conclude with a deliberately provocative view of cognitive evolution itself, a 

potential implication of our findings could be that cognitive evolution among primates might 

to some extent be a “bystander effect” of the immune system evolutionary adaptation to 

infections in general and, in particular, to retroviral infections. Excluding this hypothesis 

would lead to consider a related and barely less provocative view in which the last steps of 

our cognitive evolution might have promoted our immune defenses against human-specific 

infectious agents; for instance, evolving different languages as a sort of “protective barrier” 

against infectious diseases for the human groups speaking them. In any case, our work 
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reinforces the notion of neuroimmune co-evolution that we previously put forward (Benítez-

Burraco and Uriagereka, 2016; Nataf, 2017a). In this general frame, we would like to propose 

that, besides the potential role of endogenous immune cues (Nataf, 2017a, 2017b), immune 

signals triggered by infectious agents, might have been important to cognitive evolution. In 

particular, depending on their pathogenicity, such infectious agents could have exerted a 

neuroimmune selection pressure over millions of years (e.g., via the self-domestication of 

HERVs) or during short periods of time (e.g., via the occurrence of life-threatening epidemics 

of viral or bacterial infections).  In this view, our findings provide general support to the 

hypothesis previously enunciated by Piattelli-Palmarini and Uriagereka  (Piattelli-Palmarini 

and Uriagereka, 2004), updated by Benítez-Burraco and Uriagereka (Benítez-Burraco and 

Uriagereka, 2016) which states that the recent emergence of linguistic skills  would have 

been triggered by a fast propagating virus. 
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