
11 | Midwestern Journal of Undergraduate Sciences | Vol. 4 Iss. 1 | Summer 2025

primary and costimulatory signaling in T 
cells from a single gene product. J Immu-
nol.1998;161(6):2791-2797.

4. Imai C, Mihara K, Andreansky M, Nicholson IC, 
Pui CH, Geiger TL, et al. Chimeric receptors 
with 4-1BB signaling capacity provoke po-
tent cytotoxicity against acute lymphoblastic 
leukemia. Leukemia. 2004;18(4):676-684.

5. Chmielewski M, Abken H. CAR T cells releas-
ing IL-12 convert the suppressive tumor mi-
croenvironment of pancreatic cancer into a 
highly inflammatory milieu. Cancer Immunol 
Immunother. 2012;61(4):653-662.

6. Brentjens RJ, Davila ML, Riviere I, Park J, 
Wang X, Cowell LG, et al. CD19-targeted T 
cells rapidly induce molecular remissions in 
adults with chemotherapy-refractory acute-
lymphoblastic leukemia. Sci Transl Med. 
2013;5(177):177ra38.

7. Newick K, O'Brien S, Moon E, Albelda SM. 
CAR T cell therapy for solid tumors. Annu 
Rev Med. 2017;68:139-152.

8. Bannas P, Hambach J, Koch-Nolte F. Nano-
bodies and nanobody-based human heavy-
chain antibodies as antitumor therapeutics. 
Front Immunol. 2017;8:1603.

9. Xie, Y. J., Dougan, M., Jailkhani, N., Ingram, J. 
R., & Ploegh, H. L. (2022). Nanobody-based 
CAR-T cells for cancer immunotherapy. 
Signal Transduction and Targeted Therapy, 
7(1), 36.

10. Xie YJ, Dougan M, Ingram JR, Pishesha N, 
Fry TJ, Mahmood U, et al. Improved anti-
tumor efficacy of chimeric antigen receptor 
T cells derived from camelid single-do-
main antibodies. Cancer Immunol Res. 
2019;7(7):1266-1273.

11. Li T, Qi S, Unger M, Hou Y, Deng Q, Liu J, et 
al. Suppression of tumor escape by target-
ing TGF-β signaling in CAR-T cell therapy. 
Mol Ther. 2020;28(11):2302-2312.

12. Liu X, Jiang S, Fang C, Yang S, Olalere D, 
Pequignot EC, et al. Affinity-tuned ErbB2 
or EGFR chimeric antigen receptor T 
cells exhibit an increased therapeutic in-
dex against tumors in mice. Cancer Res. 
2015;75(17):3596-3607.

13. Sun Y, Zhang C, Wang Z, Song J, Wang Y, 
Wang Z, et al. Dendritic cell/tumor fusion 
cell vaccine combined with EGFRvIII-spe-
cific nanobody CAR T cells enhances anti-
tumor efficacy against glioblastoma. Cancer 
Immunol Immunother. 2023;72(2):345-359.

14. Heimberger AB, Hlatky R, Suki D, Yang D, 
Weinberg J, Gilbert M, et al. Prognostic ef-
fect of epidermal growth factor receptor and 
EGFRvIII in glioblastoma multiforme pa-
tients. Clin Cancer Res. 2005;11(4):1462-
1466.

15. Gan HK, Cvrljevic AN, Johns TG. The epider-
mal growth factor receptor variant III (EG-
FRvIII): where wild things are altered. FEBS 
J. 2013;280(21):5350-5370.

16. Sampson JH, Archer GE, Mitchell DA, Heim-
berger AB, Bigner DD. Tumor-specific im-
munotherapy targeting the EGFRvIII mu-
tation in patients with malignant glioma. 
Semin Immunol. 2008;20(5):267-275.

17. Palucka K, Banchereau J. Dendrit-
ic-cell-based therapeutic cancer vaccines. 
Immunity. 2013;39(1):38-48.

Striking a Balance: scFv affinity modulates expression 
and activation in CAR T cells
By Carson Gray
Chimeric-antigen receptor (CAR) T cells 
represent a substantial advance in anti-tu-
moral therapies due, in large part, to their 
cell-specific toxicity and minimal off-tar-
get effects. These therapeutics are pro-
duced by transduction of a CAR construct 
containing, at least, an extracellular anti-
gen-binding domain and a T cell activation 
domain in the form of CD3ζ into autolo-
gous T Cells from the patient.1 Most com-
monly, the CAR will also include costimu-
latory motifs such as the signaling region 
of CD28.2 Together, these allow the cell to 
bind targets in an antigen-dependent man-
ner and mount a highly specific cytotoxic 
response. The antigen-binding domain of 
most CARs is a modified antibody vari-
able fragment (Fv) known as a single-chain 
variable fragment (sFv).1 This approach 
has yielded significant clinical successes, 
including some complete remissions in pa-
tients who otherwise had exhausted their 
therapeutic options.3

Since their inception in the 1980s, improve-
ments have enhanced the durability and ef-
ficacy of CAR-based therapies. One area 

of insight has been in the avidity of CAR 
constructs. Avidity of a CAR is a combi-
nation of two important attributes: surface 
expression and antigen binding.4 While it is 
clear that CARs must have a robust avidity 
to mount a response, excess signaling can 
also be problematic. Specifically, exces-
sively potent CAR-mediated activation can 
result in T cell exhaustion, off-target tissue 
damage, and cytokine toxicity. An import-
ant advancement in this area was the use 
of CRISPR platforms to target CAR to the 
endogenous T cell receptor (TCR) promot-
er.5 This placed CAR surface expression 
under the same regulation as the endoge-
nous TCR, which is dynamically expressed 
in the presence of antigen. This has been 
beneficial in optimizing surface expression 
and avidity, but research into modulating 
antigen-affinity is lacking.
However, paralleling the challenges faced 
by natural lymphocytes during their de-
velopment and antigen receptor random-
ization, basic questions concerning the 
physical expression, stability, and binding 
capacity of CAR sFv regions remained un-

answered. To address these, Fujiwara et al., 
in the March 2020 issue of Biochemical and 
Biophysical Research Communications, 
examined sFv structural influences on an-
tigen-binding and expression.1 They con-
structed four anti- Kinase insert Domain 
Receptor (KDR) CARs from the variable 
fragments of antibodies with a range of an-
tigen affinities. Four distinct CAR T Cells 
were made from these constructs, which 
each included a GFP reporter to ensure 
equivalent transduction efficiencies. One 
construct exhibited significantly decreased 
surface expression efficiency, suggesting 
that it was intracellularly degraded. Two 
others had higher-than-expected molecu-
lar weights, suggesting post-translational 
modifications.
Only one construct bound KDR, as evi-
denced by specific lysis of a KDR-express-
ing B Cell line, L1.2. Immunofluorescent 
staining was done to observe the distribu-
tion of the CARs in each of the sFv types; 
it was found that CAR1-L3H was evenly 
distributed about the cell surface, while 
CAR2-L3H and CAR4-L3H formed clus-
ters of aggregate. This provides further ev-
idence for post-translational modifications 
that could be the cause of intermolecular 
adherence and aggregate formation.
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When these L1.2 cells were transduced 
with the CAR constructs to assess differ-
ences in surface expression regulation, 
each exhibited high surface expression, 
including CAR3-L3H, which previously 
exhibited low expression in T cells. This 
suggests that the chaperone machinery in B 
cells could be better suited to expression of 
sFv- containing constructs.
To assess structural influence on sFv sur-
face expression and antigen specificity, Fv 
order and linker structure was modified. 
CAR1-L3H, which previously was shown 
to be highly expressed and have strong af-
finity for KDR, was unaffected by either 
Fv order or linker structure, which suggests 
that these properties do not significantly af-
fect sFv expression or binding. Alternative-
ly, it was found that the framework regions 
(FRs) of the sFv have a potent influence 
on membrane stability. FRs and comple-
mentary-determining regions (CDRs) are 
the two components that make up the Fv. 
CDRs are the component that determine 
antigen binding affinity, while FRs are the 
scaffolding that orient the CDRs. CDR 
grafting is a technique where the CDRs 
of one antigen-binding region are grafted 
into the FRs of another (Figure 1). This has 
traditionally been done to reduce the im-

munogenicity of antibody-based therapies 
derived from murine antibodies by grafting 
their CDRs into human immunoglobulin. 
This allows for retention of antigen spec-
ificity while maintaining the properties of 
the antibody.10 Fujiwara et al. utilized this 
technique in the context of CAR sFv’s.
Sequence analysis revealed that CAR3-
L3H possesses a high similarity to CAR4-
L3H. Thus, to increase surface expression 
efficiency of CAR3-L3H, the CDRs of 
CAR3-L3H were grafted into the FRs of 
CAR4-L3H. Interestingly, this construct, 
termed CAR5-L3H, exhibited significantly 
improved surface expression from CAR3-
L3H. Another construct using the FRs 
of CAR1-L3H and CAR3-L3H, termed 
CAR6-L3H, was not expressed on T cells. 
While CAR1-L3H originally had high sur-
face expression, it does not have much se-
quence similarity with CAR3-L3H. These 
data suggest that the FRs of sFv’s is a po-
tent determinant of surface expression, and 
that CDR grafting is an effective method to 
express s sFv’s  of low surface expression 
efficiency. It also appears that expression 
of grafted chimeras requires high sequence 
similarity between the two sFv’s .
These findings provide valuable informa-
tion in the progression of CAR efficacy. 

While the order of Fv’s and linker structure 
do not appear to significantly affect CAR 
surface expression or antigen specificity, 
the FR’s seem to have a major influence. 
Post-translational modifications and in-
tracellular degradation may be important 
considerations in the avidity of CAR con-
structs, as evidenced by aggregation or low 
expression in some sFv’s . CDR grafting 
represents a potential step forward in tun-
ing CAR-mediated T cell activation by 
conferring variable antigen-specificity to 
FR’s of high membrane stability. B cell 
proteins involved in the biosynthesis and 
trafficking of antibodies may also be an 
important area of further investigation, as 
it was found that B cells exhibit high sur-
face expression efficiency, even in CAR 
constructs that previously were found to be 
minimally expressed in T cells. Further re-
search into the structural influence of sFv’s  
is necessary to achieve optimal clinical out-
comes in CAR T cell therapies.

Figure 1 | Grafting of optimal affinity CDRs to FRs generates fine-tuned sFv. 
A) Ribbon Diagram of sFv with FR and optimal CDR elements highlighted. B) A 
Cartoon of the same sFv from A with region coloration preserved. C) An sFv with 
suboptimal CDR, but stable FR region. D) A chimeric sFv with optimal CDR and 
FR regions.
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