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It is believed that most of the important druggable targets in 
medicine are located inside the cell [1]. Some of the most sought-
after high-profile targets include RAS, RAF, MEK, ERK, PI3K, p38, 
mTOR, JAK, STAT3, STAT5, MYC, and many others. Developing 
small molecule inhibitors has several drawbacks. Some of these 
include difficulties in developing robust screening assays and high 
throughput screens to find potential candidates, the potential 
toxicity associated with small molecules and its breakdown 
products by the liver, and the development of acquired drug 
resistance (ADR). Therapeutic antibodies have revolutionized 
drug development. Once a molecule has been identified as a key 
factor in the pathogenesis of a disease, then this human protein 
can be used to immunize a mouse to generate antibodies for 
this target protein. Using screening processes, the cDNA of the 
antibody can be identified. It then will be humanized and tested 
for safety, tolerability, and efficacy. This very simplified description 
has led to the development of multiple antibody-based drugs such 
as bevacizumab, trastuzumab, rituximab, ipilimumab, nivolumab, 
pembrolizumab, and many others.

Unfortunately, these therapeutic monoclonal antibodies are 
approximately 150 kDa in size and are too large to cross the 
cell membrane. Thus, they are developed to target extracellular 
proteins in the blood, extracellular space, or receptors on the 
surface of the cell membrane. The discovery of camelid antibodies 
(heavy chain only and devoid of light chains) [2] and the further 
discovery that its binding region, the VHH, can function as an 
independent nano-antibody by Raymond Hamers was significant 
[3]. The VHH is approximately 15kDa or 1/10th the size of a 
human IgG (Figure 1). This small size along with other inherent 
properties of the VHH nano-antibody are a promising starting 
point for developing cell penetrating antibodies.

A myriad of attempts has been made to create cell penetrating 
antibodies. An anti-GFAP VHH was developed by Pierre Lafaye’s 
group that crossed the blood-brain barrier (BBB) and was  

 
intended for diagnostic purposes [4]. A full-length IgG was 
developed by Orum Therapeutics to target RAS by crossing the cell 
membrane [5,6]. Additionally, Hua Yu and her group developed 
an anti-STAT3 acetylated peptide which facilitated cell membrane 
penetration [7]. Unfortunately, none of these cell penetrating 
antibody technologies have reached clinical trials yet.

A series of cell penetrating nano-antibodies based on the VHH 
platform have been developed to target intracellular KRAS and 
STAT3. These are:

i. SBT-100 which is bifunctional and binds to both KRAS                    
and STAT3, 

ii. SBT-101 which only binds to STAT3, and 

iii. SBT-102 which only binds to KRAS [8,9]. 

All three of these nano-antibodies bind to their targets 
with nano-molar affinity and thus inhibit the growth of human 
cancers in vitro. SBT-100 has undergone much more testing and 
preclinical development than SBT-101 and SBT-102. SBT-100 
inhibits the GTPase activity of KRAS and down-regulates p-ERK 
in human cancer with a KRAS(G13D) mutation. With a pancreatic 
cancer (PANC-1) having KRAS(G12D) and triple negative breast 
cancer (TNBC) (MDA-MB-231) having KRAS(G13D) mutation 
SBT-100 gave a dose response growth suppression of 85% 
and 89%, respectively, in a 72-hour MTT assay. SBT-100 gives 
significant growth suppression against 11 solid human cancers 
(2 pancreatic cancers, 3 TNBCs, ER+PR+ breast cancer, HER-2 
amplified breast cancer, glioblastoma, 2 sarcomas, and metastatic, 
chemo-resistant prostate cancer), and 2 leukemias. In vivo, both 
in a xenograft mouse model during a 3-week study [9] the MDA-
MB-231 tumors were treated with SBT-100 as mono-therapy; and 
the PANC-1 tumors received either gemcitabine only, SBT-100 
only, and combination therapy of gemcitabine plus SBT-100. All 
three groups had significant suppression of the PANC-1 tumors 
after 3 weeks, but combination therapy doubled the suppression 
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seen with gemcitabine alone. Monotherapy of SBT-100 against the 
MDA-MB-231 tumors gave significant growth suppression too.

SBT-100 penetrates the cell membrane (Figure 2) and BBB 
very rapidly in vivo. When a tumor-bearing xenograft mouse is 
injected intraperitoneally with SBT-100 and then sacrificed 15 
minutes later, immunohistochemical staining reveals the presence 
of SBT-100 inside the cancer cells within the tumor mass with 
dense stroma and inside the neuron and glial cells of the brain 
[9] (Figure 3). Being able to cross the BBB so quickly is a major 

potential benefit in treating cancer patients with primary CNS 
malignancies or metastatic cancers that travel to the CNS. SBT-
100’s ability to cross the BBB is consistent with the work done 
by Li et al. [10]. Furthermore, in a non-malignant animal model, 
autoimmune uveitis of the eye, revealed that SBT-100 crosses 
the blood retina barrier (BRB) to give a therapeutic effect in the 
treatment of autoimmune uveitis by targeting STAT3 [11]. By 
targeting STAT3 and inhibiting its effects, SBT-100 has given a 
therapeutic response in two other autoimmune disease models 
and a neurodegenerative disease model (unpublished data).

Figure 1: A schematic representation of a human IgG that is 150 kDa, camelid antibody that is 90 kDa, and the binding region of the camelid 
antibody that is a VHH measuring about 2.5 nm and 15 kDa.

Figure 2: Immunohistochemical staining of SBT-100 located inside MDA-MB-231 cells and visualized with confocal microscopy [9].
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Figure 3: In less than 15 minutes following an IP injection in a tumor-bearing mouse, SBT-100 localizes within the cancer cells located in a 
tumor mass with dense stroma and crosses the BBB localizing within the neurons and glial cells [9].

Monomeric VHH molecules have a 1-2-hour serum half-life, 
and this is also the case for SBT-100. This very short half-life 
helps to minimize toxicity. In addition, the camelid VHH is >90% 
homologous with the human VH. Thus, this reduces the potential 
for ADA (anti-drug antibody) formation. VHHs has excellent 
stability and solubility. Because VHHs do not generally aggregate, 
this further reduces the risk of ADA formation. Currently, there are 
two VHH drugs, caplacizumab and ozoralizumab, in the market 
with no major safety issues. Also, several other VHH drugs have 
gone through Phase 1, 2, and 3 without major toxicity problems. 
To date approximately 400 animals have been treated with SBT-
100 without weight loss, toxicity, or death.

Using the VHH nano-antibody platform seems to be a 
promising approach for the development of cell penetrating 
antibodies for cancer therapy. Since most of the cancer promoting 
and causing proteins are intracellular, this further emphasizes the 
importance of developing these cell penetrating antibodies not 
just targeting the primary tumor but also metastases that travel 
to the brain. This approach represents a major paradigm shift in 
drug development.
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