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We show the presence of lymphoid tissue-resident PLZF+CD45RA+RO+ CD4 T cells in 

humans. They express HLA-DR, granzyme B, and perforin and are low on CCR7 like 

terminally differentiated effector memory (Temra) cells and are likely generated from 

effector T cells (Te) or from central (Tcm) or effector (Tem) memory T (Tcm) cells during 

immune responses. Tn, Naïve T cells. 

 

 

In humans, PLZF
+ 

CD161
+ 

CD4 T cells develop in the fetal thymus [1] but these cells 

were not detectable in thymi obtained from children (11 days to 5.5 years) (Fig. 1A). 

However, we found PLZF
+
 CD4 T cells within CD45RA

+
RO

+ 
CD4 T cells from tonsils 

and spleens but rarely in blood (Fig. 1B, left panel and 1C; Supplemental Fig. 1A and 
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1B). PLZF expression was also confirmed by mRNA analysis in these cells from tonsils 

(Fig. 1B, right panel). CD8 T cells had a very low frequency of CD45RA
+
RO

+ 
cells 

compared to CD4 T cells and these cells did not express PLZF (Fig. 1B). We also 

validated that CD45RA
+
RO

+ 
CD4 T cells are not MAIT cells [2] (Data not shown). PLZF-

expressing NKT cells were excluded from all our analyses by CD1d-Tetramer staining 

(Supplemental Fig.2) 

 

Further analyses revealed that CD45RA
+
RO

+
CD4 T cells expressed PLZF, HLA-DR and 

Ki-67 and were larger in size indicating that these are activated and proliferating cells 

(Fig. 2A, top panel). They also expressed higher levels of CD161, similar to fetal PLZF
+ 

CD4 T cells [1] (Fig. 2A). Expression of CD28, CD69, CD62L and CCR7 in CD45RA
+
RO

+ 

CD4 T cells was comparable to CD45RO
+ 

CD4 T cells (Fig. 2A, bottom panel). All three 

subpopulations expressed comparable levels of CD44 and TCRαβ, while Eomes was not 

expressed by any (Supplemental Fig. 1C). Together, PLZF
+
CD45RA

+
RO

+ 
CD4 T cells 

seem to exhibit an effector/memory phenotype and reside in lymphoid tissues. These 

cells differ from previously reported CD45RA
+
RO

+ CD4 T cells in the blood of patients 

with recent viral infections, in that these are tissue-resident and express PLZF [3]. 

 

Naïve T cells express lymph node-homing CC-Chemokine receptor 7 (CCR7), whereas 

memory T cells are subdivided into CD45RA
-
CCR7

+
 central memory T cells (Tcm) 

and CD45RA
-
 CCR7

-
 effector memory T cells (Tem) [4]. In addition, CD45RA

+
CCR7

- 

terminally differentiated effector memory cells (Temra) have been identified [4, 5]. The 

expression pattern of CD45RA, CD45RO and CCR7 on PLZF
+ 

CD4 T cells was similar to 
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that shown by Temra cells, raising a question whether PLZF
+
CD45RA

+
RO

+ 
CD4 T cells 

are Temra or Temra-like cells. Indeed, in tonsils, PLZF expression was restricted to 

Temra (CD45RA
+
CCR7

-
) CD4 T cells (Fig. 2B), which were larger in size and HLA-

DR
+
. Notably, Temra CD8 T cells did not express PLZF, HLA-DR or CD45RO (Fig. 2B). 

CD45RA
+
RO

+ 
CD4 T cells from spleen but not blood exhibited similar Temra-like 

phenotype (Supplemental Fig. 1B). 

 

Functionally, like Temra CD8 T cells, Temra CD4 T cells possess cytolytic function; 

express IFN-γ but not IL-2 after activation through their TCR or stimulation with 

antigens [6, 7]. Therefore, we next assessed the function of PLZF
+
CD4 T cells. 

Significantly higher frequencies of IFN-γ
+ 

and IL-17
+ 

cells were present in CD45RA
+
RO

+  

CD4 T cells compared to CD45RO
+ 

CD4 T cells, while IL-2
+ 

or IL-4
+ 

cells were 

comparable between them. As expected, CD45RA
+ 

naïve CD4 T cells in tonsils did not 

express any effector cytokines except IL-2 upon stimulation while all cytokines were 

expressed by CD45RO
+ 

(Fig. 2C) [8]. Moreover, CD45RA
+
RO

+ 
CD4 T cells expressed high 

levels of granzyme B and perforin (Fig. 2D). Although CD4 Temra cells are not well-

characterized due to their low frequency, expression of granzyme B and perforin in 

PLZF
+ 

CD45RA
+
RO

+ 
CD4 T cells align with the distinct characteristics of Temra cells. 

Lastly, tonsil samples with higher percentages of CD45RO
+ 

CD4 T cells had more PLZF
+ 

cells (Fig. 2E) suggesting that PLZF
+
CD45RA

+
RO

+ 
CD4 T cells arise or accumulate during 

immune responses. 
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In summary, we show that PLZF
+ 

CD4 T cells are not detectable in the thymus after birth but 

are present in the peripheral lymphoid organs. They exhibit remarkable similarities with 

Temra cells in their phenotype and function. The function of PLZF in Temra CD4 T 

cells is not known. Further investigations are warranted to understand if Temra cell 

generation requires PLZF, or if PLZF expression is a result of Temra cell differentiation. 
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FIGURE 

LEGENDS 

 

FIGURE 1. PLZF
+
 CD4 T cells express both CD45RA and CD45RO and reside in 

lymphoid tissues. (A) Total cells from fetal or child thymii samples were stained with surface 

antibodies and gated based on CD4 and CD8 expression. PLZF
+
 cells in each subset are 

shown. PLZF-expressing NKT cells were excluded from our analyses by CD1d-Tetramer 

staining (Supplemental Fig.2). One representative is shown of total 3 fetal thymi, which were 

examined in independent experiments. Total 9 after-birth thymi were examined in 

independent experiments of which, 3 thymi of different ages are shown. d, m and y indicates 

days, months and years, respectively of subject’s age (B) Left Panel, Tonsillar lymphocytes 

were stained with surface antibodies, followed by intra-nuclear staining for PLZF. CD4
+
 T 

cells were gated into CD45RA
+
, CD45RO

+
, and CD45RA

+
RO

+
 cells were compared for 

PLZF expression by flow cytometry (n=8) from six independent experiments. Right panel, 

CD45RA
+
, CD45RO

+
 and CD45RA

+
RO

+
 CD4 T cells from tonsils were sorted to prepare 

RNA and then cDNA. PLZF gene expression was compared by qPCR. Relative expression of 

PLZF over HPRT is shown.  Error bars represent the mean ± SEM from triplicate wells. 
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*p<0.05. Two independent experiments were performed. (C) CD4 and CD8 T cells from 

tonsils (n=17), spleens (n=3) and blood (n=10) were analyzed by flowcytometry as in (B) to 

compare the frequency of CD45RA
+
RO

+
 CD4 vs. CD8 T cells. Error bars represent the mean 

± SEM from pooled data from at least three independent experiments. *p<0.05; 

****p<0.0001 (t-test).  
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FIGURE 2. PLZF
+ 

CD45RA
+
RO

+ 
CD4 T cells show characteristics of terminally 

differentiated effector memory cells (A) CD45RA
+
, CD45RO

+
, CD45RA

+
RO

+ 
CD4 T cells 

from tonsils were analyzed for the expression of indicated molecules by flow cytometry 

after surface and intra- 

nuclear staining. Total 16 tonsils were examined and one representative data are shown. 

(B) 

 

Naïve (RA
+
CCR7

+
), central and effector memory (RA

-
) and Temra (RA

+
CCR7

-
) CD4 

(top) or 

CD8 (bottom) T cells were assessed for the expression of indicated molecules by flow 

cytometry. Total 16 tonsils were examined and one representative data are shown. (C) 

Tonsillar CD4 T cells were stimulated with PMA and Ionomycin for 5 hours in the presence 

of Monensin, followed by intracellular staining to assess the expression of cytokines. Graphs 

illustrate the summary of data as mean ± SEM (n=4). (D) Freshly isolated lymphocytes 

from tonsils were gated as CD45RA
+
, CD45RO

+
, and CD45RA

+
RO

+ 
CD4 T cells and 

assessed for the expression of Granzyme B and perforin after staining with cocktail of 

antibodies. Error bars represent the mean ± SEM. ns, not significant. (n=8) (E) Tonsillar 

CD4 T cells were examined by flow cytometry to assess the frequency of PLZF
+ 

cells. 

The frequency of PLZF
+ 

cells within CD45RA
+ 

CD4 T cells was calculated and plotted 

against the frequency of CD45RO
+ 

CD4 T cells (n=15). ns, not significant; *p<0.05; 

**p<0.01; ***p<0.001; ****p<0.0001 (t-test). All data are representative of or pooled from 

at least three independent experiments.   
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