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T cells normally recognize cognate antigens in the context of major histocompatibility 

complex class I (MHCI) and MHCII molecules. Effective T-cell immunity requires 

concordance among T-cell receptor (TCR) specificity, coreceptor phenotype and cellular 

function, such that T cells with MHCI-specific TCR express CD8 coreceptor proteins and 

possess cytotoxic function, whereas T cells with MHCII-specific TCR express CD4 

coreceptor proteins and possess helper function.1 How TCR/coreceptor/MHC concordance 

is generated in the thymus has intrigued immunologists for many years. CD4 and CD8 T 

cells are generated from a bi-potential precursor population of double-positive (DP) 

thymocytes that express both CD4 and CD8 coreceptor proteins. DP thymocytes express 

TCRs with low affinities for antigen/MHC complexes, such that TCR signaling usually 

requires co-engagement by CD4 or CD8 proteins. Thus, immature DP thymocytes face the 

dilemma of which coreceptor expression to extinguish and which cellular function to acquire 

in accordance with the MHC specificity of their TCR.

We recently addressed the issue of CD4/CD8 lineage choice in the thymus by shifting focus 

away from the coreceptor proteins themselves and shifting focus to the Cd4 and Cd8 
coreceptor gene loci which encode them.2 Using gene “knock-in” technology, murine CD4 

cDNA was introduced into the Cd8a coreceptor gene locus, effectively replacing CD8α 
coding sequences with CD4 coding sequences. In such “4in8” knock-in mice, the Cd8a 
coreceptor gene locus encoded MHCII-specific CD4 coreceptor proteins instead of MHCI-

specific CD8 coreceptor proteins. If lineage choices in the thymus were determined by 

coreceptor proteins themselves, then it would not matter which coreceptor gene locus 

encoded CD4 coreceptor proteins, and MHCII-specific CD4 T cells would always possess 

helper function. Remarkably, thymic selection and development in 4in8 mice yielded 

MHCII-specific CD4 T cells with cytotoxic function, not helper function. Indeed, unlike 

Cd4-encoded CD4 coreceptor proteins, which induced ThPOK (the helper lineage-

specifying nuclear factor),3,4 Cd8-encoded CD4 coreceptor proteins induced Runx3 (the 

cytotoxic lineage-specifying factor)5,6 in developing MHCII-specific thymocytes. Thus, 

lineage fate in the thymus is determined by the coreceptor gene locus (Cd4 or Cd8) encoding 

the coreceptor protein that the TCR utilizes regardless of which coreceptor protein it is (Fig. 

1). This concept is referred to as coreceptor gene “imprinting” and signifies that the Cd8 
gene locus co-opts any coreceptor protein encoded within it to promote cytotoxic lineage 
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fate, whereas the Cd4 gene locus co-opts any coreceptor protein encoded with it to promote 

helper lineage fate.2

Coreceptor gene imprinting sheds light on how transcriptional regulation by coreceptor gene 

loci might couple TCR-specific positive selection signals to the specific expression of either 

ThPOK or Runx3. Cytokines such as interleukin-7 provide the intrathymic signals that 

induce Runx3 and instruct the cytotoxic lineage fate.7 However, cytokine signaling during 

positive selection requires the transient disruption of TCR signaling, because persistent TCR 

signaling prevents cytokine signaling.8,9 Coreceptor gene imprinting demonstrates that the 

kinetics of Cd8 transcription transiently disrupt coreceptor-dependent TCR signaling during 

positive selection to permit signaling by cytokines that induce Runx3 and impose the 

cytotoxic lineage fate. Specifically, TCR-signaled DP thymocytes initially terminate Cd8 
transcription, which causes them to steadily lose Cd8-encoded coreceptor proteins from the 

cell surface. As a result, TCR signals that require Cd8-encoded coreceptor proteins are 

disrupted, permitting TCR-signaled thymocytes to then be signaled by intrathymic cytokines 

to express Runx3.7,9 Indeed, transgenic expression of SOCS1, a suppressor of cytokine 

signaling, impaired generation of 4in8 CD4 T cells with cytotoxic function but did not 

impair generation of WT CD4 T cells with helper function.2 In our perspective, the reason 

that cytotoxic T cells in normal mice express MHCI-specific TCRs is that their Cd8 gene 

locus encodes MHCI-specific CD8 proteins. If the Cd8 gene locus instead encoded MHCII-

specific CD4 proteins, then cytotoxic T cells would express MHCII-specific TCRs. Thus, 

regardless of which coreceptor protein the Cd8 gene locus encodes, the transcriptional 

kinetics of the Cd8 gene locus during positive selection imposes cytotoxic lineage choice by 

inducing a transient disruption of coreceptor-dependent TCR signaling during positive 

selection (Fig. 1).

What is the genetic basis of coreceptor gene imprinting? Cd4 gene expression is chiefly 

regulated by a silencer element, and Cd8a gene expression is regulated by stage-specific 

enhancers E8I–E8V.10 E8II and E8III enhancers are active in pre-selection DP thymocytes10 

but are terminated by TCR signaling, resulting in the transient termination of Cd8 gene 

transcription.2 In contrast, TCR signaling of DP thymocytes appears to increase Cd4 gene 

transcription, as evidenced by progressively increasing CD4 surface protein expression 

during conventional CD4 T-cell development.2 Increasing CD4 expression ensures that TCR 

signaling persists throughout MHCII-specific positive selection to induce ThPOK and 

prevent cytokine signaling of Runx3.9,11

In conclusion, helper-vs.-cytotoxic lineage choice involves the intricate interplay of a host of 

transcription factors whose expression is tightly coordinated with Cd4 or Cd8 coreceptor 

gene shutoff. Coreceptor gene imprinting provides an explanation of how coreceptors might 

influence this interplay. By their dynamic activity, regulatory elements in each coreceptor 

gene locus modulate the duration of TCR signaling, which leads to the induction of lineage-

specific transcription factors. These findings set the stage for future investigations of the cis 

and trans factors involved in coreceptor gene regulation.
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Figure 1. 
Schematic of coreceptor gene imprinting. Helper vs. cytotoxic lineage fate is determined by 

Cd4 and Cd8 coreceptor gene loci and not by the coreceptor protein each encodes. CD4 

coreceptor proteins promote thymic generation of mature CD4 T cells with MHCII-specific 

TCRs. Importantly, however, CD4 proteins encoded in the Cd4 gene locus induce CD4 T 

cells to acquire helper function (A), whereas CD4 proteins encoded in the Cd8 gene locus 

induce CD4 T cells to acquire cytotoxic function (B).
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