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To the editor:
Generation of Th17 from human naive CD4+ T cells preferentially occurs 
from FOXP3+ Treg upon costimulation via CD28 or CD5
Maha Ayyoub, Caroline Raffin and Danila Valmori

Th17 cells are a subset of CD4+ T helper cells specialized in the protection against fungi 

and extra-cellular bacteria, but also involved in the pathogenesis of autoimmune diseas-

es. Whereas differentiation of murine Th17 is readily achieved in vitro by TCR-mediated 

stimulation of naive CD4+ T cells in the presence of TGF-β and IL-6, differentiation of 

human Th17 from naive CD4+ T cells has proved more difficult to obtain. De Wit J. and 

colleagues have recently reported in Blood1 that costimulation via CD5, a member of the 

scavenger receptor cystein-rich superfamily, rather than CD28, promotes in vitro differ-

entiation of human Th17 from circulating naive CD4+ T cells in the presence of Th17 po-

larizing cytokines. On the other hand, we have previously reported that human Th17 are 

preferentially generated in vitro from NTreg, a subset of naive FOXP3+CD25+CD127- Treg 

that we have previously identified,2 rather than from conventional naive FOXP3-CD25- 

CD4+ T cells (Nconv).3 The IL-1/IL-1RI system plays a major role in the differentiation of 

Th17 both in mouse models and from human NTreg.4, 5 To comparatively assess the ef-

fects of costimulation via CD5 on the differentiation of Th17 from Nconv and NTreg, we 

isolated the two populations, ex vivo, by cell sorting (Figure 1A) and stimulated them 

in vitro with anti-CD3 together with anti-CD28 or anti-CD5 mAb in the presence of IL-2 

alone or with Th17 or Th1 polarizing factors. As illustrated in Figure 1B, differentiation of 

IL-17-secreting cells from Nconv under Th17 polarizing conditions was moderately en-

hanced by costimulation via CD5, as compared to CD28, but remained overall low. Con-

sistent with our previous data,3 differentiation of Th17 was significantly more efficiently 

obtained from NTreg than from Nconv. In addition, in contrast to Nconv, the proportion 

of Th17 differentiating from NTreg was not significantly different upon costimulation via 

CD28 or CD5. De Wit J. et al. proposed that costimulation via CD5 induces increased IL-

23R expression, resulting in increased activation of STAT3 by IL-23 and consequent RORγt 

transcription. We detected significant induction of RORγt expression in both Nconv and 

NTreg stimulated under Th17 conditions as compared to neutral conditions, and to a 

similar extent following costimulation via CD5 or CD28 (Figure 1B). We found that IL-23R 

expression was increased in both Nconv and NTreg under Th17 polarizing conditions, but 

failed to detect a significant difference following costimulation via CD5 as compared to 

CD28 (Figure 1C). In addition, consistent with our previous findings, we detected a sig-

nificantly increased expression of IL-1RI in NTreg as compared to Nconv, in all conditions 

(Figure 1C). In conclusion, efficient differentiation of NTreg to Th17 occurs following in 
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vitro stimulation of circulating naive CD4+ T cells in the presence of Th17 polarizing fac-

tors. We observed no significant advantage to CD5 costimulation as compared to CD28. 

Furthermore, differentiation of human Th17 cells from conventional naive CD4+ T cells in 

this model system remains less efficient than that from NTreg, even in the presence of 

CD5 costimulation.

Figure 1. Human Th17 cells are preferentially generated from naive FOXP3+ Treg upon costimulation via CD28 
or CD5. (A) CD4+ T cells isolated by magnetic cell sorting from healthy donors’ PBMC were stained with CD4, 
CD45RA, CCR7, CD25 and CD127 specific mAb and naive (N, CD45RA+CCR7+) CD4+ T cells were sorted into NTreg 
and Nconv populations according to CD25 and CD127 expression, as shown. Aliquots of sorted populations 
were stained with anti-FOXP3 mAb and analyzed by flow cytometry. (B) Sorted populations were stimulated 
in vitro with anti-CD2/3/28 or anti-CD2/3/5 coated beads in the absence or presence of Th1 (IL-12, 10 ng/mL) 
or Th17 (TGF-β, 5 ng/mL; IL-1β, 10 ng/mL; IL-23, 100 ng/mL) polarizing factors and cultured in the presence of 
IL-2. Aliquots of day 12 cultures were stimulated in the presence of PMA (100 ng/mL) and ionomycin (1 μg/mL) 
for 4 hours (the last 3 in the presence of brefeldin A, 10 μg/mL), stained with IL-17A and RORγt specific mAb 
and analyzed by flow cytometry. The proportions of IL-17+ and RORγt+ cells in the cultures are shown (mean ± 
SEM, n=4). (C) Aliquots of day 7 cultures, obtained as in (B), were stained with fluorochrome-labeled anti-IL-1RI 
mAb or with unlabeled anti-IL-23R antibodies followed by fluorochrome-labeled goat anti-rabbit Ig antibodies 
and analyzed by flow cytometry. The proportions of IL-23R+ and IL-1RI+ cells in the cultures are shown (mean 
± SEM, n=4).
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Response:
Priming of human naive CD4+ T cells via CD5 costimulation requires IL-6 
for optimal Th17 development
Jelle de Wit, Yuri Souwer, Femke J. M. Muller, Hanny Klaasse Bos, Tineke Jorritsma, 

Martien L. Kapsenberg, Esther C. de Jong, S. Marieke van Ham

With interest we read the letter by Ayyoub and coworkers who compare the efficacy 

of Th17 differentiation from naive FOXP3+CD25+CD127- NTregs and conventional naive T 

cells.1 We previously reported that compared to CD28, alternative costimulation via CD5 

enhanced Th17 differentiation from CD4+CD45RA+CD4RO- naive T cells.2 CD5 promotes 

Th17 development through elevation of IL-23R expression, resulting in prolonged STAT3 

activation and enhanced levels of ROR-γt. Ayyoub and coworkers also observed increased 

Th17 induction in naive CD4+ T cells by CD5. Costimulation of NTregs via CD28 or CD5 

both induce more Th17, from which the authors conclude that Th17 differentiation from 

conventional naive CD4+ T cells is less efficient. We are pleased that our data on naive 

CD4+ T cells are confirmed, but observed a relatively weak efficiency of Th17 differentia-

tion using naive CD4+ T cells. Moreover, no enhanced CD5-mediated expression of IL-23R 

and ROR-γt was observed. We noticed that the experiments were performed in absence 

of IL-6, which has been reported to be required for optimal Th17 development.3 Although 

not shown in our publication, we extensively investigated the contribution of IL-6 in the 

development of Th17 cells from naive CD4+ T cells (Figure 1). This data underlines the 

importance of IL-6 in Th17 development, especially upon CD5 costimulation. Without 

Figure 1. CD5 costimulation requires IL-6 for optimal Th17 differentiation. (A) FACS-sorted naive 
CD4+CD45RA+CD45RO- T cells were stimulated via platecoated CD3/CD28 or CD3/CD5 antibodies under Th17 
polarizing conditions (30 ng/ml IL-23, 10 ng/ml IL-1β, 10 ng/ml IL-6, 10 ng/ml TGF-β and 10μg/ml anti-IFN-γ) 
in the presence of 10 U/ml IL-2. Intracellular levels of IL-17A were measured at day 11 after 5 hrs of restimula-
tion with PMA, ionomycin and BFA. Data are from 7 independent experiments of individual donors. Statistical 
analyses were performed with paired t-test. (B) Naive T cells were stimulated by plate bound CD3/CD28 or 
CD3/CD5 antibodies and cultured in Th17 inducing conditions. Phospho-STAT3 levels were measured by FACS. 
Data shown are from 6 individual experiments with different donors, with mean + SD. (C and D) Real time semi-
quantitative PCR (ABI PRISM 7000, SYBR green method) of IL23R (C) and RORC2 (D) mRNA expression of naive 
T cells stimulated for 3 days via coated CD3/CD28 or CD3/CD5 antibodies under Th17-polarising conditions. 
Results were normalized to 18S rRNA. Data shown are mean ± SD of triplicate measurement from 1 representa-
tive experiment out of 3 independent experiments using different donors.
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IL-6, CD5 costimulation was still superior for Th17 induction, in agreement with Ayyoub’s 

findings, but the efficiency of Th17 differentiation was strongly reduced (Figure 1A). In 

mice Nishihara and coworkers showed that IL-6 requirement of conventional naive CD4+ 

T cells for Th17 development is mediated by STAT3.4 Indeed, omission of IL-6 abrogated 

STAT3 activation by CD28 or CD5 costimulation within the first 18 hours (Figure 1B). Es-

pecially for CD5-costimulation, this was followed by less pSTAT3 induction at later time 

points (Figure 1B). In line with this, IL-23R levels were also decreased in absence of IL-6 

(Figure 1C). Again the strongest impact was observed on CD5-stimulated cells (± 80% 

reduction versus ± 35% with CD28, p<0.05, paired t-test, n=3). As expected,2 this also cor-

related with strongly decreased levels of ROR-γt (p<0.05, paired t-test, n=3) (Figure 1D). 

Thus, IL-6 plays an important role in Th17 differentiation from naive CD4+ T cells, not only 

upon classical CD28 stimulation,3 but even more strongly in CD5 stimulation. The lack of 

IL-6 may explain why Ayyoub and coworkers did not observe increased IL-23R or ROR-γt 

in CD5-stimulated naive CD4+ T cells. Interestingly, their data also show that NTreg still 

efficiently form Th17 without IL-6. This may reflect earlier observations showing reduced 

IL-6R signaling in natural Tregs compared to CD4+CD25- T cells and only weak IL-6-induced 

STAT3 activation in Tregs compared to strong pSTAT3 induction in CD4+CD25− T cells.5 It 

is tempting to speculate that the latter also explains why CD5 is not superior to CD28 in 

NTreg costimulation. Taken together, the data of Ayyoub and coworkers show interesting 

new insights. To ascertain however if Th17 development from NTreg is superior to that 

from conventional naive CD4+ T cells, the concept that in different CD4+ subsets Th17 dif-

ferentiation may be controlled by distinct regulatory factors should be integrated in the 

comparison. We look forward to further studies that will address this issue.
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