
Abstract
Immune checkpoints are often expressed on tumor cells, it
remains a prevailing need to identify the mechanisms
underlying their regulation and therapeutic benefit.
Analysis of 11,060 TCGA human tumors representing 34
subtypes revealed that high expression of a key immune
checkpoint, B7-H3 (CD276), and high mTORC1 activity
correlate with immunosuppressive phenotypes and worse
clinical outcomes. We found that mTORC1 regulates B7-H3
expression via phosphorylation the transcription factor
YY2 by S6K. Inhibition of B7-H3 suppresses mTORC1-
hyperactive tumor growth via an immune-mediated
mechanism that involves increased T-cell activity and IFN-
γ responses coupled with increased tumor cell expression
of MHC-II. CITE-seq at the single-cell resolution revealed
strikingly increased cytotoxic CD38+CD39+CD4+ T cells in
B7-H3-deficient tumors. In pan-human cancers, a high
cytotoxic CD38+CD39+CD4+ T-cell gene signature
correlates with better clinical prognosis. These results
show that mTORC1-hyperactivity, which is present in many
human tumors, drives B7-H3 expression leading to
suppression of cytotoxic CD4+ T cells.
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Conclusion

Tumor cells escape immune surveillance via multiple mechanisms 1. One of these mechanisms is the induction of endogenous immune checkpoints that normally terminate immune responses after antigen activation 2. For example, programmed cell death ligand 1 (PD-L1/B7-H1), a B7 family immune checkpoint molecule, can be upregulated transcriptionally, post-transcriptionally, and post-translationally in tumors 3,4.  B7 homology 3 (B7-H3), encoded by the CD276 gene, shares 28% and 29% amino acid identity with PD-L1/B7-H1 and PD-L2/B7-DC, respectively 

Tumor cells escape immune surveillance via
multiple mechanisms. One of these mechanisms is the
induction of endogenous immune checkpoints that
normally terminate immune responses after antigen
activation. For example, programmed cell death ligand 1
(PD-L1/B7-H1), a B7 family immune checkpoint molecule,
can be upregulated transcriptionally, post-transcriptionally,
and post-translationally in tumors. B7 homology 3 (B7-H3),
encoded by the CD276 gene, shares 28% and 29% amino
acid identity with PD-L1/B7-H1 and PD-L2/B7-DC,
respectively. B7-H3 plays both immunological and
nonimmunological roles and can be co-stimulatory or co-
inhibitory depending on cell type and context.

High levels of B7-H3 expression are found in many
human malignancies and higher levels of B7-H3 are
associated with poor prognosis. Expression of B7-H3 in
normal human and mouse tissues is generally low. Perhaps
because of this low expression in normal tissues, therapies
targeting B7-H3, which are currently in clinical trials, have
shown no dose limiting toxicities. Although microRNAs
(miR-29 and miR-124, miR-128), immunoglobulin-like
transcript (ILT) 4, and more recently autophagy have been
implicated as B7-H3 regulators, the underlying mechanisms
through which B7-H3 is upregulated in tumors, leading to
their escape from immunosurveillance, remain largely
unknown.
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Fig. 1. Elevated mTORC1 activity and B7-H3/CD276 expression are
associated with poorer clinical outcomes. (A-F) Kaplan-Meier plot of
overall patient survival (A-C) and forest plot of hazard ratios by tumor
type and overall (with 95% confidence intervals). (D-F) Patients are
stratified by high mTORC1 score (n = 2001) and low mTORC1 score (n =
2268) (D), high CD276 expression (n = 2076) and low CD276 expression
(n = 2185) (E) and high CD276 expression plus high mTORC1 score (n =
1296) and low CD276 expression plus low mTORC1 score (n = 1160)
(F). Hazard ratio greater than 1 (red) indicates an association of high
activity score with worse clinical outcome. Log-rank test, * p < 0.05, ** p
< 0.01, *** < 0.001, **** p < 0.0001. (G) Representative images of strong
and weak immunohistochemical staining of phospho-S6 (Ser240/244)
(pS6) and B7-H3 in tumor tissue microarrays, which include 12 cancer
types. Scale bar = 50 μm.

Fig. 2. B7-H3 expression is regulated by mTORC1. (A-C) B7-H3 protein
expression in Tsc2-/- 105K cells (A), TSC2-/- 621-101 angiomyolipoma
tumor cells (B), and Tsc2 KO MEFs (C) treated with 20 nM rapamycin, 500
nM Torin 1 or vehicle for 24 hr (n = 3). Representative of 3 biological
samples. (D-F) B7-H3 mRNA expression in Tsc2-/- 105K cells (D), TSC2-/-
621-101 angiomyolipoma tumor cells (E), and Tsc2 KO MEFs (F) treated
as described above. n = 3 biological replicates, means ± SD, one-way
ANOVA, * p < 0.05, ** p < 0.01, *** p < 0.001.

Fig. 3. YY2 controls CD276 transcription in Tsc2-
deficient cells.
(A-B) siRNA knockdown of YY2 reduces B7-H3 protein
expression in Tsc2-/- 105K cells (A) and Tsc2 KO MEFs
(B) (n = 3). (C-D) Knockdown of YY2 reduces Cd276
mRNA expression in Tsc2-/- 105K cells (C) and Tsc2 KO
MEFs (D). n = 3, means ± SD, unpaired Student’s t-test,
* p < 0.05, *** p < 0.001. (E) Promoter region of Cd276
displaying the location of the YY2 binding site. (F-G),
Cd276 promoter activity is suppressed by YY2
knockdown in Tsc2-/- 105K cells (F) and Tsc2 KO MEFs
(G). n = 3, means ± SD, two-way ANOVA with Holm-
Sidak’s multiple comparisons test, * p < 0.05, **** p <
0.0001.

Fig. 4. YY2 is a downstream target of the mTORC1/S6K signaling axis.
(A-B) YY2 protein expression in Tsc2-/- 105K cells (A) and Tsc2 KO MEFs (B) treated with 20 nM
rapamycin or vehicle for 24 hr (n = 3). (C-D) YY2 protein expression in Tsc2-/- 105K cells (C) and Tsc2 KO
MEFs (D) treated with 10 μM PF-4708671 (S6K1 inhibitor) or vehicle for 24 hr (n = 3). (E) Immunoblot
analysis of in vitro kinase assays of recombinant active S6K in the presence or absence of myc-YY2 as a
substrate. eIF4B was used as a positive control (n = 3). (F) Immunoblot of immunoprecipitated GFP-YY2
and the WCL from HeLa cells expressing GFP-YY2. Cells were treated with 30 μM PF-4708671 or vehicle
for 24 hr with 20 μM MG132 added for the last 5 hr before harvest (n = 3). (G) The evolutionarily
conserved putative S6K phosphorylation site in YY2. (H) Immunoblot of immunoprecipitated GFP-YY2
and the WCL from HeLa cells stably expressing wild-type (WT) GFP-YY2 or mutant (T336A) GFP-YY2,
treated with 40 μM PF-4708671 for 1 hr (n = 3). (I) Immunoblot of immunoprecipitated GFP-YY2 and the
WCL from HeLa cells expressing WT GFP-YY2 or T336A GFP-YY2. Cells were treated with 30 μM PF-
4708671 for 24 hr with 20 μM MG132 added for the last 5 hr before harvest (n = 3).

Fig. 5. Suppression of Tsc2-null tumor growth
by inhibiting B7-H3 requires an intact
adaptive immune system.
(A) Knockdown of B7-H3 using two different
shRNAs in Tsc2-/- 105K cells inhibits
subcutaneous tumor growth in syngeneic wild-
type (WT) C57BL/6J mice compared with non-
targeting shRNA (sh-NC). (B) Growth of
subcutaneous sh-NC, sh-B7-H3 (1), and sh-B7-
H3 (2) Tsc2-/- 105K tumors in WT C57BL/6J
mice. n = 8 mice/group, means ± SD, one-way
ANOVA with Sidak’s multiple comparisons test,
**** p < 0.0001. (C) Tumor-free survival curve of
mice in (B) Log-rank analysis. (D) Growth of
subcutaneous sh-NC or sh-B7-H3 (1) Tsc2-/-
105K tumors in WT or Rag1-/- C57BL/6J mice. n
= 5 mice/group, means ± SD, two-way ANOVA
with Holm-Sidak’s multiple comparisons test, * p
< 0.05, ** p < 0.01 **** p < 0.0001. (E) Tumor
volume of (D) 35-day post cell inoculation. (F)
Percentage of indicated cell types within CD45+
TILs in (F). n = 4-8 mice/group, means ± SD, two-
way ANOVA with Holm-Sidak’s multiple
comparisons test, * p < 0.05, ** p < 0.01, *** p <
0.001.
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Fig. 6. Inhibition of B7-H3 increases expression
of IFN-γ signature genes and MHC-II genes.
(A) GSEA identifying IFN-γ response as one of the
top activated pathways in B7-H3 knockdown tumors
compared to control tumors (n = 3/group). NES =
normalized enrichment score. (B) Heatmap of
unsupervised clustering of IFN-γ-induced gene
expression in tumor cells from bulk tumor and
MACS-sorted tumor cells from the indicated groups
(n = 3/group). (C) Heatmap of unsupervised
clustering of MHC-I/II gene expression in tumor
cells from each group (n = 3/group). (D)
Immunoblot analysis of whole-tumor lysates derived
from the indicated tumors.

Fig. 7. Suppression of B7-H3 increases intratumoral
cytotoxic CD38+CD39+CD4+ T cells.
(A) Experimental design for B7-H3 knockdown Tsc2-/-
105K tumors treated with isotype control, α-CD4, or α-
CD8. (B) Images of B7-H3 knockdown Tsc2-/- 105K
tumors treated as depicted in (A) X indicates that no
tumor was detected. (C) Left panel: Suppressed growth
of B7-H3 knockdown Tsc2-/- 105K tumors treated with
anti-CD8 or anti-CD4 antibodies. Right panel: Tumor
volume at 29 days post-cell injection. n = 10 mice/group,
means ± SD, one-way ANOVA with Holm-Sidak’s
multiple comparisons test, ** p < 0.01, **** p < 0.0001.
(D) Percentage of tumor-infiltrating CD4+ and CD8+ T-
cells as a proportion of total CD3 T cells in Tsc2-/- 105K
control (Ctrl) or B7-H3 knockdown (KD) tumors. (E)
Epitope and mRNA signals in cells from CITE-seq
experiments for selected top upregulated markers in
CD4_Teff-Gzmk and CD8_Teff-Gzmk/Gzmb clusters. (F)
Representative immunofluorescent images and
quantification of CD38+CD39+CD4+ TILs in sh-NC, sh-
B7-H3 (1), or sh-B7-H3 (2) Tsc2-/- 105K tumors. White
arrows indicate CD38+CD39+CD4+ TILs. n = 5-6/group,
mean ± SD, one-way ANOVA with Holm-Sidak’s multiple
comparisons test, * p < 0.05, ** p < 0.01. Scale bar = 10
μm.

mTORC1-hyperactive tumor cells escape immune-mediated killing via the induction of B7-H3
expression. This occurs due to direct phosphorylation of the YY2 transcription factor by S6K,
thereby enhancing its stability and binding to the B7-H3 promoter. Inhibition of B7-H3 upregulates
cytotoxic CD4+CD25-CD38+CD39+ T cells leading to immune-mediated suppression of tumor
progression and development.
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