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Methods 17 

Generation of a CD247-deficient human cell line, PM1T 18 
Allogeneic in vitro expanded CD3high (CD247 haploinsuficient) and CD3low (CD247 deficient) cells from 19 
a CD247-deficient patient [1] were used for in vitro HTLV-1 generation as described [2]. This patient 20 
showed marked T- and B- cell lymphopenia and reduced surface TCR expression in αβ and γδ T cells 21 
caused by the homozygous c.2T>C, p.M1T change, which prevented protein translation. Although most T 22 
cells had very low TCR levels (CD3low), a small population (0,2%) had surface TCR levels similar to 23 
control ones (CD3high). To isolate the CD3low population, PBMC from the patient were allogeneic 24 
cultured and sorted into CD3low and CD3high. Western blot with anti-CD247 antibody confirmed that the 25 
CD3low subpopulation did not express CD247 protein (data not shown). This population was immortalized 26 
after infection with Human T-cell leukemia virus type 1 (HTLV-1), as reported previously [3]. Once the 27 
CD247-deficient human cell line was established, it was named PM1T, as for the change it harbors. 28 
Genomic DNA sequencing confirmed that the patient’s original change remained in the PM1T cell line 29 
(data not shown). 30 
 

Western Blotting 31 
Cells were lysed in RIPA buffer, as published elsewhere, and 40 µg protein per sample, determined with 32 
DC Protein Assay (Bio-Rad, Hercules, CA, USA), were loaded into a 12% SDS-PAGE gel.  33 
Following electrophoresis, the gel was blotted onto a PVDF membrane and developed with the following 34 
anti-CD247 antibodies: mouse mAb 6B10.2 (BioLegend); rabbit polyclonal 448, specific for residues 109-35 
132 of human CD247 [4], gifted by Balbino Alarcón. Anti-α-tubulin (clone B-5-1-2) from Sigma-Aldrich 36 
(St. Louis, MO) was used as a loading control.  37 
 

Results 38 

Characterization of human and mouse CD247-deficient cell lines 39 
Since no CD247-deficient human cell line was available, the well-characterized murine T-cell hybridomas, 40 
2B4.11, and its CD247-deficient derivative MA5.8 [5], widely used for CD247 reconstitution assays [6,7], 41 
were used as controls for subsequent experiments. 42 
To characterize our cell lines, we examined the expression of CD247 in human (PM1T and control) and 43 
murine (2B4.11 and MA5.8) cell lines. To this end, we performed a Western blot revealed with 448 44 
antibody, which recognizes both human and mouse CD247 [8]. We found that CD247 expression was not 45 
detected in either PM1T or MA5.8 lysates, confirming that its synthesis was abrogated in both cell lines. 46 
However, CD247 was present in their respective controls (Fig. S2A). 47 
Next, the effect of CD247 deficiency on membrane TCR expression was analyzed by flow cytometry with 48 
anti-CD3 antibodies. We found that PM1T maintained the defective TCR surface levels of the patient’s 49 
CD3low population, with only 4% CD3 expression compared to its HTLV-1 immortalized control. A similar 50 
value, 12%, was obtained after comparing CD3 expression in MA5.8 to its parental line 2B4 (Fig. S2B).  51 
In addition, the PM1T cell line displayed abnormal T-cell function as it could not induce CD69 upregulation 52 
in a TCR-dependent response following anti-CD3 antibody stimulation. However, TCR-independent 53 
responses induced by PMA-Ionomycin resulted in increased CD69 levels (Fig. S2C).   54 
 

Characterization of the CD247-deficient Jurkat cell line (ZKO) 55 
In addition to the reduced CD3 extracellular expression, the intracellular levels of CD3ε in ZKO were 66% 56 
compared with its control cell line (Fig. S4A). These data indicate that CD247 is necessary for the optimal 57 
assembly and transport of  TCR complexes to the cell surface. 58 
To assess the impact of CD247 absence on T cell activation, we examined the upregulation of CD69 in 59 
control and ZKO cells in response to TCR-dependent (OKT3) and -independent (PMA-Iono) stimuli.  The 60 
results showed that the ZKO cell line only responded to TCR-independent signals, while the Jurkat WT 61 
control cell line was able to respond to both types of stimuli (Fig. S4B and Fig. S5). These findings suggest 62 
that the ZKO cell line has a significant functional impairment similar to that observed in the PM1T cell line 63 
and primary T lymphocytes from the CD247-deficient patient carrying the PM1T germline change. 64 
Furthermore, these results remark the essential role of CD247 in transducing signals after T-cell activation.  65 
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Tables 66 

 

Table S1 Clinical and immunological features of patients with reported CD247 deficiency. 67 
 

 

 

Table S2 Comparison of the results obtained for the analyzed parameters (TCR expression, p-ZAP70, 68 
CD69 and CD25 upregulation, and percentage of CD25 positive cells [%CD25+]) across the studied CD247 69 
variants (WT, Q70L/W/Y/X). This analysis was performed on cell lines of different origins (human or 70 
mouse; CD247-deficient or CD247-sufficient [black or red letters, respectively]) and using distinct gene 71 
transfer techniques (nucleofection or transduction). UNTR: Not nucleofected or transduced. ND: Not 72 
determined. 73 
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Figures 74 

 

 

 

Figure S1 Schematic representation of two germline CD247 changes, where a subpopulation of revertant 75 
T cells due to the indicated somatic variants was reported. The inset shows an example of intracellular 76 
staining for CD3𝛅 and CD247 of primary T cells. The red square highlights revertant cells, and the arrow 77 
indicates the revertant changes found in that case (adapted from Marin [1]). 78 
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Figure S2 Characterization of human and mouse CD247-deficient cell lines. (A) Western blot showing 79 
CD247 expression levels in human HTLV-1 immortalized (Control and PM1T) and murine (2B4 and 80 
MA5.8) cell lines revealed with the 448 antibody. α-Tubulin was used as a loading control. (B) CD3ε 81 
surface levels in CD247-sufficient (Control and 2B4) and –deficient (PM1T and MA5.8) cell lines 82 
measured by flow cytometry using mAbs against CD3ε (clones UCHT1 or 2C11 for human or mouse cell 83 
lines, respectively). The upper value indicates the percentage of surface TCR expression in the deficient 84 
cell line with respect to its corresponding control cell line. (C) Flow cytometry analysis of CD69 85 
upregulation in human HTLV-1 immortalized PM1T  and control cell lines after TCR-dependent (anti-CD3 86 
antibody, OKT3)  or TCR -independent stimulation (PMA-Iono). NS: Non-stimulated. For both (B) and 87 
(C), the vertical line represents the isotype control. The histograms correspond to a single representative 88 
experiment (from 4 independent experiments). 89 
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Figure S3 Impact of Q70X change on surface TCR expression in human or mouse control T cells. Human 90 
(Jurkat) or mouse (2B4) control T cell lines were transfected with hCD247-WT or Q70X variant. Surface 91 
CD3 expression was analyzed with mAbs against hCD3 (UCHT1) or mCD3 (2C11). The vertical line 92 
corresponds to the isotype control. The graphics represent the results of one experiment. 93 

 

 

 

 

Figure S4 Biochemical and functional characterization of the CD247-deficient Jurkat cell line (ZKO). (A) 94 
Intracellular flow cytometry staining of Jurkat WT (control) and ZKO cell lines with CD3ε mAb (UCHT1). 95 
The upper value indicates the MFI % compared to the control cell line. (B) Flow cytometry analysis of 96 
CD69 upregulation in WT and ZKO Jurkat cell lines after TCR-dependent stimulation (anti-CD3 antibody, 97 
clone OKT3). The numbers indicate MFI values for each condition. NS: Non-stimulated. In all flow 98 
cytometry experiments, the vertical line represents the isotype control. Only one representative experiment 99 
is depicted (from 3 independent experiments). 100 
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Figure S5 Flow cytometry analysis of CD69 upregulation in WT and ZKO Jurkat cell lines after TCR-101 
independent stimulation (PMA+Iono). The numbers indicate the MFI values. Only one representative 102 
experiment is depicted (from 2 independent experiments). 103 
 

 

 

 

 

 

 
 

Figure S6 Surface TCR/CD3 reconstitution using CD247 constructs in Jurkat ZKO cells. The cells were 104 
transfected by nucleofection with empty pEGFP-N1 (MOCK), hCD247-WT or Q70X, EGFP fusion 105 
variants and surface TCR expression levels were quantified by FACS along sequential GFP levels intervals. 106 
Simple linear regression for each variant was calculated. 107 
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Figure S7 Induction of p-ZAP70 in ZKO cell lines transduced with the studied CD247 variants. 108 
Intracellular flow cytometry staining of transduced ZKO cell lines with anti-ZAP70/Syk (Tyr319, Tyr352) 109 
mAb. Quantification of p-ZAP-70 expression normalized with respect to transduced hCD247-WT (n=2). 110 
Statistical significance was calculated using a one-way ANOVA test. ***p-value <0.001. 111 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 In silico 3D model of the CD247 ITAM3-LCK interaction predicted by AlphaFold. The image 112 
shows the LCK active site (fuchsia) and residue Y141 in CD247-WT (green), as well as in CD247 with 113 
variants G139Q (orange) and G139Y (red). 114 
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