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Acute lymphoblastic leukaemia (ALL) is the most common 
childhood malignancy, with T- cell ALL (T- ALL) accounting 
for approximately 15% of cases.1 While outcomes for children 
diagnosed with T- ALL have improved dramatically over the 
past several decades, survival rates for patients with relapsed 
or refractory disease remain dismal.2 This indicates a need 
for strategies to enhance the efficacy of frontline treatment 
protocols in order to induce deeper remissions and decrease 
the likelihood of disease relapse.

Glucocorticoids (GCs) are a crucial component of T- ALL 
therapy due to their potent pro- apoptotic effects in lym-
phoid cells.3 They also represent a critical target for strat-
egies aimed at improving clinical outcomes in paediatric 
T- ALL, as GC sensitivity at diagnosis is an important prog-
nostic factor. Specifically, in patients who receive up- front 
GC monotherapy, those who clear their peripheral blasts 
over the first eight days have significantly improved event- 
free survival (EFS) and a decreased risk of relapse relative 
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Abstract
Glucocorticoid (GC) resistance is a poor prognostic factor in T- cell acute lympho-
blastic leukaemia (T- ALL). Interleukin- 7 (IL- 7) mediates GC resistance via GC- 
induced upregulation of IL- 7 receptor (IL- 7R) expression, leading to increased 
pro- survival signalling. IL- 7R reaches the cell surface via the secretory pathway, so 
we hypothesized that inhibiting the translocation of IL- 7R into the secretory path-
way would overcome GC resistance. Sec61 is an endoplasmic reticulum (ER) channel 
that is required for insertion of polypeptides into the ER. Here, we demonstrate that 
KZR- 445, a novel inhibitor of Sec61, potently attenuates the dexamethasone (DEX)- 
induced increase in cell surface IL- 7R and overcomes IL- 7- induced DEX resistance.
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to those patients with a poor GC response.4 Similarly, GCs 
are central to multi- agent induction therapy regimens, and 
minimal residual disease (MRD) at the end of induction is 
associated with inferior EFS and overall survival.5

Through ex vivo analyses, we have demonstrated that ap-
proximately one- third of diagnostic T- ALL samples are resis-
tant to dexamethasone (DEX), a synthetic GC used during 
induction therapy, specifically when cultured in the presence 
of interleukin- 7 (IL- 7),6 a pro- survival cytokine that has pre-
viously been implicated in T- ALL pathogenesis and disease 
maintenance.7 Mechanistically, we have demonstrated in pri-
mary T- ALL samples and in a cell line model of IL- 7- induced 
DEX resistance that DEX paradoxically induces its own re-
sistance by upregulating IL- 7 receptor (IL- 7R) expression. In 
the presence of IL- 7 ligand, this leads to an increase in pro- 
survival signalling through the IL- 7R/JAK/STAT5 signalling 
axis and subsequent upregulation of the pro- survival protein 
BCL- 2, which directly antagonizes DEX- induced apoptosis. In 
these cells, DEX resistance can be effectively overcome with 
ruxolitinib (RUX), a JAK1/2 inhibitor, and with venetoclax, a 
BCL- 2 inhibitor.8 Given that increased cell surface IL- 7R ex-
pression is a critical component of this resistance mechanism, 
we hypothesized that therapeutic strategies to inhibit the 
DEX- induced upregulation of cell surface IL- 7R would simi-
larly overcome IL- 7- induced DEX resistance in T- ALL.

Secreted and membrane- associated proteins, including 
IL- 7R, require processing through the cellular secretory 
pathway to reach the cell surface. These proteins are tar-
geted to the secretory pathway by the translation of a signal 
sequence on the nascent peptide, which is subsequently rec-
ognized by the Sec61 complex.9 The Sec61 complex is a com-
ponent of the mammalian translocon, a protein- conducting 
channel on the membrane of the endoplasmic reticulum 
(ER). Upon recognition of the signal sequence, these pep-
tides undergo productive translocation into the lumen of 
the ER, where post- translational processing is initiated to 
produce functional secreted or membrane- associated pro-
teins.9 Small- molecule inhibitors of the Sec61 translocon act 
in a signal sequence- specific manner to block the interac-
tion of these proteins with Sec61, thereby preventing their 
translocation into the ER and ultimately their secretion or 
expression at the cell surface.10 Sec61 inhibitors have previ-
ously shown preclinical efficacy both as antimicrobial and 

anti- cancer agents,11,12 and one Sec61 inhibitor, KZR- 261, is 
currently in a phase 1 clinical trial for adults with advanced 
solid malignancies (NCT05047536). In this study, we asked 
whether inhibition of the Sec61 translocon can overcome IL- 
7- induced DEX resistance in T- ALL cells by preventing cell 
surface localization of newly- synthesized IL- 7R.

First, we assessed the efficacy of this strategy using CT8, a 
tool compound belonging to a class of cyclic heptadepsipep-
tides known as cotransins, which function to inhibit cotrans-
lational translocation via the Sec61 translocon. We studied 20 
diagnostic T- ALL samples (Table S1) that demonstrate DEX 
resistance in the presence of IL- 7, which we defined as retain-
ing greater than 50% viability relative to the vehicle control 
condition. We exposed these cells to DEX plus IL- 7, either 
alone or in combination with RUX or CT8. In this analysis, 
RUX and CT8 both sensitized cells to DEX with minimal 
single- agent toxicity (p < 0.0001 for the addition of RUX or 

F I G U R E  1  CT8 overcomes IL- 7- induced DEX resistance in patient- 
derived T- ALL cells. Viability relative to vehicle control of cells from 
20 fresh diagnostic T- ALL samples cultured in the presence of 25 ng/
ml IL- 7 with or without 2.5 μM DEX and/or 500 nM RUX or 2 μM CT8 
for 48 h. Error bars represent SEM. Statistical significance was assessed 
using one- way ANOVA with Tukey's method for adjustment for multiple 
comparisons. ****, p < 0.0001

F I G U R E  2  KZR- 445 modulates cell surface IL- 7R expression and overcomes IL- 7- induced DEX resistance in CCRF- CEM cells and primary patient 
samples. (A) Median fluorescent intensity (MFI) and representative histograms of cell surface IL- 7R in CCRF- CEM cells treated with or without 1 μM 
DEX and/or increasing concentrations of KZR- 445 for 24 h in technical triplicate. (B) Viability relative to vehicle control of CCRF- CEM cells treated 
with increasing concentrations of DEX in the presence of 25 ng/ml IL- 7 and the indicated concentrations of KZR- 445 for 72 h in technical triplicate. 
(C) Heatmap of Bliss independence scores calculated as the average of technical triplicates for the combination of DEX and KZR- 445 in CCRF- CEM 
cells cultured in the presence of 25 ng/ml IL- 7 for 72 h, in which positive values, indicated in red, are indicative of a synergistic interaction. (D) MFI and 
representative histograms of BCL- 2 protein expression in CCRF- CEM cells treated with 100 ng/ml IL- 7 with or without 1 μM DEX and/or the indicated 
concentration of KZR- 445 for 24 h in technical triplicate. Statistical significance is relative to the DEX- treated condition in the absence of KZR- 445. (E) 
Fold change in the MFI of IL- 7R in cells from 16 patient- derived T- ALL samples treated with 1 μM DEX with or without 50 nM KZR- 445 for 24 h. (F) 
Viability relative to vehicle control of cells from 16 patient- derived T- ALL samples treated in the presence or absence of 25 ng/ml IL- 7 with or without 
1 μM DEX and/or 50 nM KZR- 445 for 48 h. (G) Fold change in the MFI of BCL- 2 in cells from 10 patient- derived T- ALL samples cultured in the presence 
of 100 ng/ml IL- 7 and treated with or without 1 μM DEX and/or 50 nM KZR- 445 for 24 h. Error bars represent SEM. Statistical significance was assessed 
using one- way ANOVA with Tukey's method for multiple comparisons adjustment. All cell line data are representative of three independent experiments. 
****, p < 0.0001; ***, p < 0.001; **, p < 0.01; *, p < 0.05 [Colour figure can be viewed at wileyonlinelibrary.com]
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CT8 to IL- 7 + DEX; Figure 1), suggesting that Sec61 inhibi-
tion, like JAK/STAT pathway inhibition, may be effective at 
augmenting DEX sensitivity in the presence of IL- 7.

Based on these promising initial findings with CT8, we 
pursued further evaluation of this therapeutic strategy uti-
lizing KZR- 445, a novel analogue of CT8 that includes side 
chain modifications of the cyclic peptide intended to de-
crease lipophilicity and improve pharmaceutical properties. 

Specifically, KZR- 445 is a fluorinated analogue of the 
CT8 derivative PS3061.13 For these studies, we first used 
the CCRF- CEM T- ALL cell line, which we have shown to 
closely recapitulate the IL- 7- induced DEX resistance phe-
notype observed in primary patient samples.8 In these cells, 
the DEX- induced upregulation of cell surface IL- 7R pro-
tein was effectively reduced by nanomolar concentrations 
of KZR- 445 (p < 0.0001 for all concentrations of KZR- 445; 
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Figure 2A). When we analysed expression of the IL7R tran-
script, we found that it was similarly induced upon expo-
sure to DEX, and that this was unchanged in the presence of 
KZR- 445 (Figure S1A), confirming that KZR- 445 downreg-
ulates cell surface IL- 7R expression via a post- translational 
mechanism.

All common γ- chain cytokine receptors, including IL- 
7R, and many other cell surface proteins important in T- cell 
biology, are Sec61 clients. To determine whether KZR- 445 
similarly modulates expression of these other cell surface 
proteins, we evaluated their expression in activated primary 
human CD8 T- cells or CCRF- CEM cells exposed to increas-
ing concentrations of KZR- 445. In this analysis, we found 
that the relative potency of KZR- 445 for reducing cell sur-
face expression of these proteins was significantly greater for 
IL- 7R relative to other common γ- chain cytokine receptors 
(Figure S1B) and relative to the majority of the other cell sur-
face proteins we evaluated (Figure S1C). This suggests that 
there may be a therapeutic window for targeting IL- 7R in 
T- ALL without significant modulation of other proteins in 
healthy T- cells.

We next evaluated the effect of KZR- 445 on DEX- induced 
cell death in CCRF- CEM cells. Here, we observed a dose- 
dependent effect of KZR- 445 to overcome IL- 7- induced DEX 
resistance (Figure 2B). Using Bliss independence analysis,14 
we further demonstrated potent synergy between DEX and 
KZR- 445 in the presence of IL- 7 (Figure 2C). To determine 
whether this effect is specific to DEX, we also exposed 
CCRF- CEM cells to other chemotherapies used in T- ALL 
treatment in the presence or absence of IL- 7 and KZR- 445. 
As previously reported,6 we observed no effect of IL- 7 to 
confer resistance to these other agents, and saw no signif-
icant change in drug- induced cell death with the addition 
of KZR- 445 (Figure S2), suggesting specificity for activity in 
the setting of IL- 7- induced DEX resistance.

Next, we evaluated the effect of KZR- 445 on expression of 
the STAT5 target protein BCL- 2, which is significantly up-
regulated upon the addition of DEX to cells exposed to IL- 7 
(p < 0.0001). The addition of KZR- 445 inhibited the increase 
in BCL- 2 protein expression in a dose- dependent manner 
(Figure  2D). Based on these findings, we asked whether 
KZR- 445 and venetoclax, a BCL- 2 inhibitor, would demon-
strate combinatorial effects on cell viability in the presence 
of DEX and IL- 7. While low nanomolar concentrations of 
venetoclax showed moderate single- agent efficacy, we saw 
no synergistic effect of these two compounds with the ad-
dition of increasing concentrations of KZR- 445, consistent 
with the reduction in BCL- 2 protein expression following 
exposure to KZR- 445 (Figure S3).

Finally, following the observed efficacy of KZR- 445 in 
CCRF- CEM cells, we assessed the utility of this compound 
in cells from 16 patient- derived xenografts (PDXs) estab-
lished from diagnostic T- ALL samples (Table  S1). In these 
cells, we found that ex vivo exposure to KZR- 445 effectively 
inhibited the DEX- induced increase in cell surface IL- 7R 
expression (p = 0.0001 for DEX + KZR- 445 relative to DEX 
alone; Figure  2E). As observed with CT8, KZR- 445 also 

overcame IL- 7- induced DEX resistance (p  < 0.0001 for the 
addition of KZR- 445 to IL- 7  + DEX), restoring DEX sen-
sitivity to that observed in the absence of IL- 7 (Figure 2F). 
This improvement in DEX sensitivity was further associated 
with a reduction in BCL- 2 protein expression in the presence 
of DEX and IL- 7 (p = 0.01 for the addition of KZR- 445 to 
IL- 7 + DEX; Figure 2G).

Taken together, these data suggest that small- molecule 
inhibitors of the Sec61 translocon represent an effective al-
ternative to signal transduction inhibitors and BH3 mimet-
ics for targeting cytokine- mediated pro- survival signalling 
in T- ALL. The IL- 7R pathway plays a well- established role 
in leukemogenesis, with its importance underscored by the 
prevalence of gain- of- function mutations in IL- 7R or com-
ponents of the downstream signal transduction machin-
ery.15 We have further demonstrated that IL- 7 induces GC 
resistance in up to one- third of paediatric T- ALL patients at 
diagnosis,6 indicating the potential clinical impact of such 
a strategy. Despite the vast number of proteins that require 
trafficking through the cellular secretory pathway, the se-
lectivity of Sec61 inhibitors is modifiable through medicinal 
chemistry approaches.16,17 Consistent with this, we demon-
strate relative selectivity of KZR- 445 for IL- 7R over other 
common γ- chain cytokine receptors. This supports the po-
tential for further evaluation of Sec61 inhibitors for clinical 
use in T- ALL and other diseases with unique pathophysio-
logic or therapeutic dependencies on secreted or membrane- 
associated proteins.

AC K NOW L E D G E M E N T S
This work was supported by NIH/NCI R01CA193776 (Brent 
L. Wood, Terzah M. Horton, David T. Teachey, and Michelle 
L. Hermiston) and by grants from the Rally Foundation and 
Luke Tatsu Johnson Foundation (Michelle L. Hermiston) 
and the Pepp Family Foundation (Michelle L. Hermiston). 
Lauren K. Meyer is supported by the NIGMS Medical 
Scientist Training Program Grant T32GM141323 and the 
Genentech Foundation. This work was also supported by the 
UCSF Helen Diller Family Comprehensive Cancer Center 
NIH grant P30CA082103, which supports the shared re-
source facilities that were used to conduct the flow cytom-
etry work at UCSF.

C ON F L IC T OF I N T E R E S T S
Phillip P. Sharp holds patents and royalties at Kezar Life 
Sciences. David T. Teachey is a consultant for Janssen, 
Sobi, and BEAM Therapeutics and receives research fund-
ing from NeoImmune Tech and BEAM Therapeutics. Jack 
Taunton holds patents and royalties at Kezar Life Sciences, 
equity ownership at Global Blood Therapeutics, Principia 
Biopharma, and Cedilla Therapeutics, and receives research 
funding from Pfizer. Michelle L. Hermiston is a consultant 
for Novartis and Sobi.

AU T HOR C ON T R I BU T ION S
Lauren K. Meyer, Cristina Delgado- Martin, Benjamin J. 
Huang, Christopher J. Kirk, Jack Taunton, and Michelle L. 



   | 141MEYER et al.

Hermiston designed the experiments and analysed the data. 
Lauren K. Meyer and Cristina Delgado- Martin performed 
the experiments. Phillip P. Sharp designed and synthesized 
KZR- 508445. Dustin McMinn provided KZR- 508445 for ex-
perimental use. Tiffaney L. Vincent, Theresa Ryan, Terzah 
M. Horton, Brent L. Wood, and David T. Teachey provided 
patient cells for ex vivo analysis. Lauren K. Meyer and 
Michelle L. Hermiston wrote the manuscript. All authors 
reviewed the manuscript.

ORC I D
Lauren K. Meyer   https://orcid.org/0000-0002-7603-8457 
Michelle L. Hermiston   https://orcid.
org/0000-0003-1790-2679 

R E F E R E N C E S
 1. Raetz EA, Teachey DT. T- cell acute lymphoblastic leukemia. Hematol 

Am Soc Hematol Educ Program. 2016;2016:580– 8.
 2. Nguyen K, Devidas M, Cheng S- C, La M, Raetz EA, Carroll WL, et al. 

Factors influencing survival after relapse from acute lymphoblastic leu-
kemia: a Children's oncology group study. Leukemia. 2008;22:2142– 50.

 3. Schmidt S, Rainer J, Ploner C, Presul E, Riml S, Kofler R. 
Glucocorticoid- induced apoptosis and glucocorticoid resistance: 
molecular mechanisms and clinical relevance. Cell Death Differ. 
2004;11(Suppl 1):S45– 55.

 4. Gao J, Liu W- J. Prognostic value of the response to prednisone for 
children with acute lymphoblastic leukemia: a meta- analysis. Eur Rev 
Med Pharmacol Sci. 2018;22:7858– 66.

 5. Wood, B. L., Winter SS, Dunsmore KP, Devidas M, Chen S, Asselin 
B, et al. T- lymphoblastic leukemia (T- ALL) shows excellent outcome, 
lack of significance of the early thymic precursor (ETP) immunophe-
notype, and validation of the prognostic value of end- induction min-
imal residual disease (MRD) in Children's Oncology Group (COG) 
study AALL0434. Blood. 2014;124, Abstract 1. https://ashpu blica 
tions.org/blood/ artic le/124/21/1/87774/ T- Lymph oblas tic- Leuke mia- 
T- ALL- Shows - Excel lent. Accessed 11 Apr 2022.

 6. Delgado- Martin C, Meyer LK, Huang BJ, Shimano KA, Zinter MS, 
Nguyen JV, et al. JAK/STAT pathway inhibition overcomes IL7- 
induced glucocorticoid resistance in a subset of human T- cell acute 
lymphoblastic leukemias. Leukemia. 2017;31:2568– 76.

 7. Lodewijckx I, Cools J. Deregulation of the Interleukin- 7 signaling 
pathway in lymphoid malignancies. Pharm Basel Switz. 2021;14:443.

 8. Meyer LK, Huang BJ, Delgado- Martin C, Roy RP, Hechmer A, 
Wandler AM, et al. Glucocorticoids paradoxically facilitate steroid 

resistance in T cell acute lymphoblastic leukemias and thymocytes. 
J Clin Invest. 2020;130:863– 76.

 9. Johnson AE, van Waes MA. The translocon: a dynamic gateway at the 
ER membrane. Annu Rev Cell Dev Biol. 1999;15:799– 842.

 10. Garrison JL, Kunkel EJ, Hegde RS, Taunton J. A substrate- specific 
inhibitor of protein translocation into the endoplasmic reticulum. 
Nature. 2005;436:285– 9.

 11. Van Puyenbroeck V, Vermeire K. Inhibitors of protein translocation 
across membranes of the secretory pathway: novel antimicrobial and 
anticancer agents. Cell Mol Life Sci CMLS. 2018;75:1541– 58.

 12. Ruiz- Saenz A, Sandhu M, Carrasco Y, Maglathlin RL, Taunton J, 
Moasser MM. Targeting HER3 by interfering with its Sec61- mediated 
cotranslational insertion into the endoplasmic reticulum. Oncogene. 
2015;34:5288– 94.

 13. Shah PS, Link N, Jang GM, Sharp PP, Zhu T, Swaney DL, 
et al. Comparative flavivirus- host protein interaction mapping re-
veals mechanisms of dengue and zika virus pathogenesis. Cell. 
2018;175:1931– 1945.e18.

 14. Zhao W, Sachsenmeier K, Zhang L, Sult E, Hollingsworth RE, Yang 
H. A new bliss Independence model to analyze drug combination 
data. J Biomol Screen. 2014;19:817– 21.

 15. Zenatti PP, Ribeiro D, Li W, Zuurbier L, Silva MC, Paganin M, et al. 
Oncogenic IL7R gain- of- function mutations in childhood T- cell acute 
lymphoblastic leukemia. Nat Genet. 2011;43:932– 9.

 16. Maifeld SV, MacKinnon AL, Garrison JL, Sharma A, Kunkel EJ, 
Hegde RS, et al. Secretory protein profiling reveals TNF- α inacti-
vation by selective and promiscuous Sec61 modulators. Chem Biol. 
2011;18:1082– 8.

 17. Vermeire K, Bell TW, van Puyenbroeck V, Giraut A, Noppen S, 
Liekens S, et al. Signal peptide- binding drug as a selective inhibitor of 
co- translational protein translocation. PLoS Biol. 2014;12:e1002011.

SU PP ORT I NG I N FOR M AT ION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Meyer LK, Delgado- Martin 
C, Sharp PP, Huang BJ, McMinn D, Vincent TL, et al. 
Inhibition of the Sec61 translocon overcomes 
cytokine- induced glucocorticoid resistance in T- cell 
acute lymphoblastic leukaemia. Br J Haematol. 
2022;198:137– 141. https://doi.org/10.1111/bjh.18181

https://orcid.org/0000-0002-7603-8457
https://orcid.org/0000-0002-7603-8457
https://orcid.org/0000-0003-1790-2679
https://orcid.org/0000-0003-1790-2679
https://orcid.org/0000-0003-1790-2679
https://ashpublications.org/blood/article/124/21/1/87774/T-Lymphoblastic-Leukemia-T-ALL-Shows-Excellent
https://ashpublications.org/blood/article/124/21/1/87774/T-Lymphoblastic-Leukemia-T-ALL-Shows-Excellent
https://ashpublications.org/blood/article/124/21/1/87774/T-Lymphoblastic-Leukemia-T-ALL-Shows-Excellent
https://doi.org/10.1111/bjh.18181

	Inhibition of the Sec61 translocon overcomes cytokine-induced glucocorticoid resistance in T-cell acute lymphoblastic leukaemia
	Abstract
	ACKNOWLEDGEMENTS
	CONFLICT OF INTERESTs
	AUTHOR CONTRIBUTIONS
	REFERENCES


