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Re-engaging the Immune 
System to Attack Tumor Cells 

Using Antigen-pHLIP



• Surgery 
• Advantage: physically remove solid tumor


• Disadvantage: difficult to extract all cancer 
cells


• Radiation Therapy 
• Advantage: kills cancer cells


• Disadvantage: affects nearby healthy cells


• Chemotherapy 
• Advantage: kills fast-growing cancer cells


• Disadvantage: kills healthy cells


➡ Lots of side effects
➡ Need more targeted therapy

Common Cancer Therapeutics
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• Most strategies target receptor 
proteins that are either overexpressed 
or mutated in various cancers


• Treatment strategies aim to:


• Block receptor activity through 
antibodies or competitive ligands


• Exploit the over expression and 
add drugs to antibodies and 
ligands
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Targeted Cancer Therapeutics



Disadvantages of Targeting Receptors

4

• Off target effects


• Differences between cancer types


• Differences within the same tumor


• Develop resistance to therapy (through mutation)

Cancer Cell
Healthy Cell



Disadvantages of Targeting Receptors
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• Off target effects


• Differences between cancer types


• Differences within the same tumor


• Develop resistance to therapy (through mutation)

Breast CancerLung Cancer
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• Off target effects


• Differences between cancer types


• Differences within the same tumor
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Cancer Cells

Cancer Cells
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Disadvantages of Targeting Receptors
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• Off target effects


• Differences between cancer types


• Differences within the same tumor


• Develop resistance to therapy (through mutation)

Disease progression!  

Selected for mutated cancer cells 

Resistance against targeted antibody therapy

Cancer Cells

Cancer Cells

Cancer Cells

Cancer Cells

Cancer Cells

Cancer Cells



Targeting a General Feature
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• Tumors have lower extracellular pH as compared to healthy tissue

pHe = 7.2-7.4

pHi = 7.4

Healthy

pHe = 6.5-7.0

pHi = 7.4

Cancerous



Targeting a General Feature
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• Enhanced aerobic glycolysis:
• Cancer cells rely on glycolysis for ATP production even 

when oxygen is present 
• Accumulation of lactic acid and subsequent excretions of H+ 

1 glucose = 36 ATP

Normal Cell

1 glucose = 2 ATP + 2 Lactic Acid

Cancer Cell

Acidosis is a general feature of tumors 

How can we target acidosis?



pHLIP: pH(Low) Insertion Peptide
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Studies of independent stability of 
Bacteriorhodopsin helices

6 out 7
TM domains

Hunt et al. Biochemistry (1997)

Helix C

low pH

• Bacteriorhodopsin = 7-TM light-driven proton pump found in the membrane of halobacteria.

• Helix C was found to be the only one to insert spontaneously across lipid bilayers at low pH.

New name for helix C:
 pH(Low) Insertion Peptide or pHLIP.

Hunt, J. F. J. et al. Biochemistry 1997, 36, 15156–15176.

Studies of independent stability of 
Bacteriorhodopsin helices

6 out 7
TM domains

Hunt et al. Biochemistry (1997)

Helix C

low pH

• Bacteriorhodopsin = 7-TM light-driven proton pump found in the membrane of halobacteria.

• Helix C was found to be the only one to insert spontaneously across lipid bilayers at low pH.

New name for helix C:
 pH(Low) Insertion Peptide or pHLIP.

• pHLIP is derived from bacteriorphodopsin

• Bacteriorhodopsin light driven proton pump

• 7 helices that span the membraneStudies of independent stability of 
Bacteriorhodopsin helices

6 out 7
TM domains

Hunt et al. Biochemistry (1997)

Helix C

low pH

• Bacteriorhodopsin = 7-TM light-driven proton pump found in the membrane of halobacteria.

• Helix C was found to be the only one to insert spontaneously across lipid bilayers at low pH.

New name for helix C:
 pH(Low) Insertion Peptide or pHLIP.

Studies of independent stability of 
Bacteriorhodopsin helices

6 out 7
TM domains

Hunt et al. Biochemistry (1997)

Helix C

low pH

• Bacteriorhodopsin = 7-TM light-driven proton pump found in the membrane of halobacteria.

• Helix C was found to be the only one to insert spontaneously across lipid bilayers at low pH.

New name for helix C:
 pH(Low) Insertion Peptide or pHLIP.



pHLIP lives in 3 worlds

 
Tryptophan fluorescence Circular Dichroism

pHLIP:       AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTG

Reshetnyak et al. Biophys. J (2007)

state I
in solution

Energetics of pHLIP Equilibriums

POPC
at 37ºC (310 K)

Reshetnyak YK, Andreev OA, Segala M, Markin VS, Engelman DM (2008)

Proc Natl Acad Sci U S A 105(40):15340-15345.
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pHLIP: pH(Low) Insertion Peptide
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➡ pHLIP can be utilized as a targeting carrier

pHLIP lives in 3 worlds
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Mouse with cancer cells expressing the 
Green Fluorescent Protein (GFP)

Andreev et al. Chim Oggi. (2009)
Andreev et al. PNAS (2007)

pHLIP: Imaging Tumor in vivo

13 

Energetics of pHLIP Equilibriums
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pHLIP: A Targeting and Delivery Agent

Thévenin et al. Chem. Biol. (2009)

pHLIP-mediated Translocation of Membrane-impermeable Molecules into Cells

Damien Thévenin, Ming An and Donald M. Engelman
Department of Molecular Biophysics and Biochemistry, Yale University (New Haven, CT 06520) 

Introduction
• One characteristic that distinguish almost all malignant solid tumors from surrounding normal tissues is the lower 

extracellular pH of tumors when compared with healthy tissues (pH 6.5-7.0 vs. pH 7.2-7.4). 

• Our method is based on pHLIP (pH Low Insertion 
Peptide) - a peptide that inserts into lipid bilayers at 
acidic pH. pHLIP can simultaneously target tumors, 
carry the cargo and translocate the payload across the 
plasma membrane at low pH.

• pHLIP is a 36 amino acid peptide derived from the C-
helix of bacteriorhodopsin [1]. At pH above 7, pHLIP is 
soluble as a monomer in aqueous buffers and associate 
with lipid bilayer surfaces. Under acidic conditions, 
pHLIP inserts across a lipid bilayer with an apparent pK 
of 6 in vitro, forming a transmembrane helix (Fig. 1) [1].

• pHLIP insertion seems to be reversible and unidirectional, with its C-terminus translocated across the membrane 
[2,3]. Once inserted, pHLIP helices cause minimal disturbance to phospholipid bilayers: they do not form pores or 
induce membrane permeabilization [2, 4].

• pHLIP can accumulate and persist in vivo in tissues with mildly acidic environments (pH 6.5-7.0), including solid 
tumors in mice and inflammatory foci in rats [5].

• The insertion of pHLIP into lipid bilayers is associated with an energy release. We have established that this energy 
can be used to move cargo molecules across a membrane, raising the possibility of targeted drug delivery [2].

• The goal of the present study is to define the useful range of chemical properties for 
cargo molecules deliverable by pHLIP-mediated translocation.

Figure 1. The three major states of pHLIP. pHLIP’s sequence: 
AAEQNPIYWARYADWLFTTPLLLLLALLVDADEGT. The transmembrane domain is in bold.

• Taken together, notwithstanding the NC(Arg)4 exception, CD 
and fluorescence results indicate that conjugating a NC(X)4 
cargo peptide to pHLIP does not disturb its characteristic 
shape-shifting behavior.

[1] Hunt J et al., Biochemistry 1997, 36 (49), 15177-92. [2] Reshetnyak Y et al., PNAS 2006, Apr 25; 103(17): 6460-5. [3] Reshetnyak YK et al. Biophysical Journal 
2007 (93). [4] Zoonens M et al,. Biophysical Journal 2008, 95, 225-235.[5] Andreev OA et al., PNAS 2007, May 8; 104(19): 7893-8. , 2363-72. [6] Duffy EM and 
Jorgensen WL, J. Am. Chem. Soc. 2000, 122, 2878-2888. [7] Wimley WC and White SH, Biochemistry 1996, Apr 23; 35(16): 5109-24.

Figure 6. pHLIP can translocate polar 
molecules across l ip id membrane. 
Monitoring dithionite quenching of NBD 
fluorescence of pHLIP-NC(X)4 constructs (2 
!M) in the presence of liposomes at pH 8.0 (A) 
and pH 4.0 (B). The arrows indicate the time of 
addition of the quencher sodium dithionite.

• Figure 3A: addition of dithionite leads to rapid, complete quenching of NBD fluorescence of all four NC(X)4 peptides, 
indicating that the C-terminus of pHLIP is located inside the vesicles at pH 4, thus protecting NBD from dithionite 
quenching, while the NC(X) cargos stay outside.

• Figure 3B: Indeed, with the exception of a few dead cells, no fluorescence is observed in the cytoplasm of the cells. 
These cargo peptides do not cross the membrane of HeLa cells when incubated at pH 6.2.

Figure 3. Cargo peptides do not cross lipid membrane on their own. (A) Dithionite quenching of NBD fluorescence signals of the NC(X)4 cargo peptides (2 !M) not attached to pHLIP and of both N-term 
NBD-pHLIP and C-term pHLIP-NBD constructs (2 !M) in the presence of liposomes (peptide:lipid = 1:400) at pH 4.0. The arrows indicate the time of addition of dithionite. (B) Upper panels: NBD fluorescence 
images (excitation at 488 nm) of NC(X)4 cargo peptides in DMSO (5 !M) incubated with HeLa cells at pH 6.2. Lower panels: corresponding phase contrast images. 

(A)
+ dithionite

(B)

pH 6.2 pH 6.2 pH 6.2 pH 6.2

pH 6.2 pH 6.2 pH 6.2 pH 6.2

Methodology

• We chose cyclic hexa-peptides (NBD-Cyclic-(X)4) as model cargo molecules (Fig. 2) in this study, to avoid 
ambiguities that might arise from alternative conformations that linear peptides might adopt.

• The NC(X)4 peptides contain four X positions allowing adjustments of cargo polarity, as shown by their octanol/water 
partition coefficients (Log Po/w) (Fig. 2). These cargo molecules were designed to be quite hydrophilic (Log Po/w < 
-2.5)

• To follow the cargo and test for topology, we included a Lys residue carrying the NBD (7-Nitrobenz-2-Oxa-1,3-
Diazole) fluorescence probe, and to serve as the point of attachment to the carrier pHLIP peptide via a S-S disulfide 
bond we have a SH group.

C-term Cargo
Log Po/w  

(deprotonated)
Log Po/w 

(protonated)
MW

NC(Ser)4 -2.686 -2.686 742.7

NC(Asp)4 -11.92 -2.871* 854.8

NC(Asn)4 -8.525 -8.525 850.8

NC(Arg)4 -4.345 -4.345 1025.2

NBD -0.835 -0.835 293.3

A. Design of cargo molecules

Figure 2: The pHLIP+NC(X)4 construct (2 !M) in 100 mM NaH2PO4, pH 8.0 is incubated at room temperature over-night. POPC vesicles (1:400 peptide/lipid ratio) are added the next day and the mixture is 
incubated at room temperature and in the dark for 3h. pH is then lowered to 4.0. After 30 min equilibration, the fluorescence signal of NBD is monitored at 530 nm when excited at 480 nm. Sodium dithionite 
(S2O4

2-) is then added to the mix and the fluorescence signal is followed again.

B. Monitoring translocation in presence of lipid vesicles

ABSTRACT (poster # 1351; program # 796.7)

Our goal is to define the properties of cell-impermeable cargo molecules that can be delivered into cells by pHLIP (pH 

(Low) Insertion Peptide), which can selectively target tumors in vivo based on their acidity. Using biophysical methods 

and fluorescence microscopy, we show that pHLIP can successfully deliver polar and membrane-impermeable cyclic 

peptides linked to its C-terminus through the membranes of lipid vesicles and cancer cells. Our results also indicate that 

the translocation of these cargo molecules is pH-dependent and mediated by transmembrane helix formation. Since a 

broad range of cell-impermeable molecules is excluded from discovery efforts because they cannot traverse membranes 

on their own, we believe that pHLIP has the potential to expand therapeutic options for acidic tissues such as tumors and 

sites of inflammation.

Results

A. Cargos are membrane-impermeable

Figure 5. Interactions of pHLIP-cargo constructs with lipid bilayers. Circular dichroism spectra of pHLIP-
cargo variants (7 !M) in the presence of POPC vesicles at pH 8.0 (A) and pH 4.0 (B). (C) Tryptophan 
fluorescence spectra of pHLIP-cargo variants (2 !M) mixed in the presence of POPC vesicles at pH 8.0 (red 
spectra) and at pH 4.0 (blue spectra). The corresponding maxima of fluorescence emission are indicated by 
dotted lines. 

(C)

• Figure 7: NC(Asp)4 and NC(Ser)4 cargos are translocated and released into cell cytoplasms (since the S-S bond that 
conjugates the cargo to pHLIP is cleaved in cells) only when the cells are incubated at pH 6.2. On the other hand, 
pHLIP-NC(Asn)4 and pHLIP-NC(Arg)4 do not deliver their cargos into cell cytoplasms, regardless of the pH.

B. Interaction of pHLIP-cargos with lipid bilayers

C. pHLIP-mediated translocation into liposomes

(B)

(pH 4.0)

(A)

(pH 8.0)

C-term cargo Log P @ pH4 MW
% Protection 
(liposomes)

Translocation 
into cells

NBD -0.84 293.3 91 ± 8.9 % !

NC(Ser)4 -2.69 742.7 75.9 ± 8.1 % !

NC(Asp)4 -2.87 854.8 85.2 ± 6.8 % !

NC(Asn)4 -8.53 850.8 0.4 ± 1.8 % "

NC(Arg)4 -4.35 1025.2 3.0 ± 4.9 % "

Table 2. Percentage of protection from dithionite quenching of NBD fluorescence via 
pHLIP insertion mediated cargo translocation into liposomes at pH 4.0.

• Figure 6A: addition of dithionite quenches NBD fluorescence in a rapid and complete fashion for all four pHLIP-NC(X)4 
conjugates, i.e. cargo molecules stay outside of the liposomes and are not translocated across lipid bilayers at neutral 
pH. 

• Figure 6B: near complete protection from dithionite quenching is observed for pHLIP-NBD, pHLIP-NC(Asp)4 and 
pHLIP-NC(Ser)4 conjugates, showing that these three C-terminal cargos, are successfully translocated into or across 
lipid bilayers by pHLIP. On the other hand, for pHLIP-NC(Asn)4 and pHLIP-NC(Arg)4 conjugates, NBD fluorescence are 
completely quenched by dithionite, suggesting that these two conjugates leave their cargos outside of the liposomes 
under acidic conditions.  

Figure 7. pHLIP can translocate polar molecules into the cytoplasm of cancer cells. (A) Monitoring pHLIP-mediated translocation of NC(X)4 cargo peptides (5 !M) into HeLa cells at pH 7.4 
(upper panels) and pH 6.2 (lower panels) by confocal microscopy. (B) Representative example of pHLIP-assisted translocation and release of cargo molecules into the cytoplasm of HeLa cells. 
Confocal fluorescence microscopy images of pHLIP-NC(Asp)4 (5 !M) incubated in the presence of HeLa cells at pH 6.2. (1) single projection of a z-stack of 15 confocal sections, (2) yz cross 
section (red axis) and (3) xz cross section (blue axis).

(A) (B)

Significance
In conventional drug design aimed at intracellular targets, a constraint has been to create molecules that are sufficiently 
hydrophobic and small to traverse membranes on their own (Log Po/w from -0.4 to +5.6 and MW of 160 to 480 g.mol-1). 
As a result, cell-impermeable molecules are usually excluded. Furthermore, many cancer drugs have off-target side 
effects that severely limit the efficacy of chemotherapy. In this work, we have explored the properties of pHLIP as a 
targeting and delivery system by defining some of the properties of molecules that can be translocated into cells, thus 
establishing boundary conditions for a new arena of drug design using this approach. Our method is based on pHLIP, a 
36 amino-acid peptide that is soluble at physiological pH, and binds to membrane lipid bilayer surfaces if they are 
present. Unlike other strategies, it can simultaneously target tumors, carry the cargo, insert as a transmembrane helix 
and translocate the payload across the plasma membrane at low pH. We find that cargo molecules with Log Po/w of ~ -3 
and molecular weights of ~ 800 are efficiently delivered into cancer cells. Thus, pHLIP may help to expand the chemical 
space for anti-cancer (and anti-inflammatory) drugs to include polar, cell-mpermeable molecules aimed at cytoplasmic 
targets. Because such drug molecules will not easily cross cell membranes in normal tissues, certain of the side effects 
associated with conventional chemotherapy may also be mitigated. 

This work is supported by the National Health Institute grants GM073857 and CA133890, and by an Anna Fuller Fellowship to MA.

• When compared to pHLIP alone, the cyclic peptides NC(Ser)4 and NC(Asp)4 influence greatly the pK of insertion of 
pHLIP from ~6 to ~ 7. This may be due to interaction between the cargos and the Asp residues at the C-term of 
pHLIP, which protonation is believed to be coupled to the insertion process. However, more studies are needed to be 
understand in more details this mechanism.

• We are also investigating the influence of the cargos on the kinetic of insertion by stop-flow fluorescence.

Figure 8. Determining the pK of insertion of pHLIP-NC(Ser)4 and pHLIP-NC(Asp)4 into the membrane of lipid vesicles. Samples (3 !M) are prepared in the presence of liposomes as explained 
above, and "max of Trp emission is monitored (exc. at 295 nm) after lowering the pH with HCl. Average of 2, error bars represent range. Graph for pHLIP is adapted from [1].

D. Influence of cargo on insertion in the membrane of liposomes

pKapp = 6.0 pKapp = 7.15 ± 0.252 pKapp = 6.87 ± 0.233

pHLIP

(A) (B)

(pH 8.0)

(pH 4.0)

• In the case of pHLIP-NC(Arg)4, the conjugate seems to 
stick to cell plasma membranes and aggregate on the 
glass window at both pHs, further confirming what we 
observed by CD and Trp fluorescence.

• In the case of pHLIP-NC(Asn)4, we suggest that it is the 
polarity of the cargo (Log Po/w ~ -8.5) that prevents 
pHLIP constructs from inserting across lipid bilayers, 
since its CD and Trp fluorescence data are consistent 
with the notion that this pHLIP conjugate undergoes a 
clear transition from random coil to helix when pH is 
decreased from 8 to 4. 

D. pHLIP-mediated translocation into cancer cells

pHLIP-mediated Translocation of Membrane-impermeable Molecules into Cells

Damien Thévenin, Ming An and Donald M. Engelman
Department of Molecular Biophysics and Biochemistry, Yale University (New Haven, CT 06520) 

Introduction
• One characteristic that distinguish almost all malignant solid tumors from surrounding normal tissues is the lower 

extracellular pH of tumors when compared with healthy tissues (pH 6.5-7.0 vs. pH 7.2-7.4). 

• Our method is based on pHLIP (pH Low Insertion 
Peptide) - a peptide that inserts into lipid bilayers at 
acidic pH. pHLIP can simultaneously target tumors, 
carry the cargo and translocate the payload across the 
plasma membrane at low pH.

• pHLIP is a 36 amino acid peptide derived from the C-
helix of bacteriorhodopsin [1]. At pH above 7, pHLIP is 
soluble as a monomer in aqueous buffers and associate 
with lipid bilayer surfaces. Under acidic conditions, 
pHLIP inserts across a lipid bilayer with an apparent pK 
of 6 in vitro, forming a transmembrane helix (Fig. 1) [1].

• pHLIP insertion seems to be reversible and unidirectional, with its C-terminus translocated across the membrane 
[2,3]. Once inserted, pHLIP helices cause minimal disturbance to phospholipid bilayers: they do not form pores or 
induce membrane permeabilization [2, 4].

• pHLIP can accumulate and persist in vivo in tissues with mildly acidic environments (pH 6.5-7.0), including solid 
tumors in mice and inflammatory foci in rats [5].

• The insertion of pHLIP into lipid bilayers is associated with an energy release. We have established that this energy 
can be used to move cargo molecules across a membrane, raising the possibility of targeted drug delivery [2].

• The goal of the present study is to define the useful range of chemical properties for 
cargo molecules deliverable by pHLIP-mediated translocation.

Figure 1. The three major states of pHLIP. pHLIP’s sequence: 
AAEQNPIYWARYADWLFTTPLLLLLALLVDADEGT. The transmembrane domain is in bold.

• Taken together, notwithstanding the NC(Arg)4 exception, CD 
and fluorescence results indicate that conjugating a NC(X)4 
cargo peptide to pHLIP does not disturb its characteristic 
shape-shifting behavior.

[1] Hunt J et al., Biochemistry 1997, 36 (49), 15177-92. [2] Reshetnyak Y et al., PNAS 2006, Apr 25; 103(17): 6460-5. [3] Reshetnyak YK et al. Biophysical Journal 
2007 (93). [4] Zoonens M et al,. Biophysical Journal 2008, 95, 225-235.[5] Andreev OA et al., PNAS 2007, May 8; 104(19): 7893-8. , 2363-72. [6] Duffy EM and 
Jorgensen WL, J. Am. Chem. Soc. 2000, 122, 2878-2888. [7] Wimley WC and White SH, Biochemistry 1996, Apr 23; 35(16): 5109-24.

Figure 6. pHLIP can translocate polar 
molecules across l ip id membrane. 
Monitoring dithionite quenching of NBD 
fluorescence of pHLIP-NC(X)4 constructs (2 
!M) in the presence of liposomes at pH 8.0 (A) 
and pH 4.0 (B). The arrows indicate the time of 
addition of the quencher sodium dithionite.

• Figure 3A: addition of dithionite leads to rapid, complete quenching of NBD fluorescence of all four NC(X)4 peptides, 
indicating that the C-terminus of pHLIP is located inside the vesicles at pH 4, thus protecting NBD from dithionite 
quenching, while the NC(X) cargos stay outside.

• Figure 3B: Indeed, with the exception of a few dead cells, no fluorescence is observed in the cytoplasm of the cells. 
These cargo peptides do not cross the membrane of HeLa cells when incubated at pH 6.2.

Figure 3. Cargo peptides do not cross lipid membrane on their own. (A) Dithionite quenching of NBD fluorescence signals of the NC(X)4 cargo peptides (2 !M) not attached to pHLIP and of both N-term 
NBD-pHLIP and C-term pHLIP-NBD constructs (2 !M) in the presence of liposomes (peptide:lipid = 1:400) at pH 4.0. The arrows indicate the time of addition of dithionite. (B) Upper panels: NBD fluorescence 
images (excitation at 488 nm) of NC(X)4 cargo peptides in DMSO (5 !M) incubated with HeLa cells at pH 6.2. Lower panels: corresponding phase contrast images. 

(A)
+ dithionite

(B)

pH 6.2 pH 6.2 pH 6.2 pH 6.2

pH 6.2 pH 6.2 pH 6.2 pH 6.2

Methodology

• We chose cyclic hexa-peptides (NBD-Cyclic-(X)4) as model cargo molecules (Fig. 2) in this study, to avoid 
ambiguities that might arise from alternative conformations that linear peptides might adopt.

• The NC(X)4 peptides contain four X positions allowing adjustments of cargo polarity, as shown by their octanol/water 
partition coefficients (Log Po/w) (Fig. 2). These cargo molecules were designed to be quite hydrophilic (Log Po/w < 
-2.5)

• To follow the cargo and test for topology, we included a Lys residue carrying the NBD (7-Nitrobenz-2-Oxa-1,3-
Diazole) fluorescence probe, and to serve as the point of attachment to the carrier pHLIP peptide via a S-S disulfide 
bond we have a SH group.

C-term Cargo
Log Po/w  

(deprotonated)
Log Po/w 

(protonated)
MW

NC(Ser)4 -2.686 -2.686 742.7

NC(Asp)4 -11.92 -2.871* 854.8

NC(Asn)4 -8.525 -8.525 850.8

NC(Arg)4 -4.345 -4.345 1025.2

NBD -0.835 -0.835 293.3

A. Design of cargo molecules

Figure 2: The pHLIP+NC(X)4 construct (2 !M) in 100 mM NaH2PO4, pH 8.0 is incubated at room temperature over-night. POPC vesicles (1:400 peptide/lipid ratio) are added the next day and the mixture is 
incubated at room temperature and in the dark for 3h. pH is then lowered to 4.0. After 30 min equilibration, the fluorescence signal of NBD is monitored at 530 nm when excited at 480 nm. Sodium dithionite 
(S2O4

2-) is then added to the mix and the fluorescence signal is followed again.

B. Monitoring translocation in presence of lipid vesicles

ABSTRACT (poster # 1351; program # 796.7)

Our goal is to define the properties of cell-impermeable cargo molecules that can be delivered into cells by pHLIP (pH 

(Low) Insertion Peptide), which can selectively target tumors in vivo based on their acidity. Using biophysical methods 

and fluorescence microscopy, we show that pHLIP can successfully deliver polar and membrane-impermeable cyclic 

peptides linked to its C-terminus through the membranes of lipid vesicles and cancer cells. Our results also indicate that 

the translocation of these cargo molecules is pH-dependent and mediated by transmembrane helix formation. Since a 

broad range of cell-impermeable molecules is excluded from discovery efforts because they cannot traverse membranes 

on their own, we believe that pHLIP has the potential to expand therapeutic options for acidic tissues such as tumors and 

sites of inflammation.

Results

A. Cargos are membrane-impermeable

Figure 5. Interactions of pHLIP-cargo constructs with lipid bilayers. Circular dichroism spectra of pHLIP-
cargo variants (7 !M) in the presence of POPC vesicles at pH 8.0 (A) and pH 4.0 (B). (C) Tryptophan 
fluorescence spectra of pHLIP-cargo variants (2 !M) mixed in the presence of POPC vesicles at pH 8.0 (red 
spectra) and at pH 4.0 (blue spectra). The corresponding maxima of fluorescence emission are indicated by 
dotted lines. 

(C)

• Figure 7: NC(Asp)4 and NC(Ser)4 cargos are translocated and released into cell cytoplasms (since the S-S bond that 
conjugates the cargo to pHLIP is cleaved in cells) only when the cells are incubated at pH 6.2. On the other hand, 
pHLIP-NC(Asn)4 and pHLIP-NC(Arg)4 do not deliver their cargos into cell cytoplasms, regardless of the pH.

B. Interaction of pHLIP-cargos with lipid bilayers

C. pHLIP-mediated translocation into liposomes

(B)

(pH 4.0)

(A)

(pH 8.0)

C-term cargo Log P @ pH4 MW
% Protection 
(liposomes)

Translocation 
into cells

NBD -0.84 293.3 91 ± 8.9 % !

NC(Ser)4 -2.69 742.7 75.9 ± 8.1 % !

NC(Asp)4 -2.87 854.8 85.2 ± 6.8 % !

NC(Asn)4 -8.53 850.8 0.4 ± 1.8 % "

NC(Arg)4 -4.35 1025.2 3.0 ± 4.9 % "

Table 2. Percentage of protection from dithionite quenching of NBD fluorescence via 
pHLIP insertion mediated cargo translocation into liposomes at pH 4.0.

• Figure 6A: addition of dithionite quenches NBD fluorescence in a rapid and complete fashion for all four pHLIP-NC(X)4 
conjugates, i.e. cargo molecules stay outside of the liposomes and are not translocated across lipid bilayers at neutral 
pH. 

• Figure 6B: near complete protection from dithionite quenching is observed for pHLIP-NBD, pHLIP-NC(Asp)4 and 
pHLIP-NC(Ser)4 conjugates, showing that these three C-terminal cargos, are successfully translocated into or across 
lipid bilayers by pHLIP. On the other hand, for pHLIP-NC(Asn)4 and pHLIP-NC(Arg)4 conjugates, NBD fluorescence are 
completely quenched by dithionite, suggesting that these two conjugates leave their cargos outside of the liposomes 
under acidic conditions.  

Figure 7. pHLIP can translocate polar molecules into the cytoplasm of cancer cells. (A) Monitoring pHLIP-mediated translocation of NC(X)4 cargo peptides (5 !M) into HeLa cells at pH 7.4 
(upper panels) and pH 6.2 (lower panels) by confocal microscopy. (B) Representative example of pHLIP-assisted translocation and release of cargo molecules into the cytoplasm of HeLa cells. 
Confocal fluorescence microscopy images of pHLIP-NC(Asp)4 (5 !M) incubated in the presence of HeLa cells at pH 6.2. (1) single projection of a z-stack of 15 confocal sections, (2) yz cross 
section (red axis) and (3) xz cross section (blue axis).

(A) (B)

Significance
In conventional drug design aimed at intracellular targets, a constraint has been to create molecules that are sufficiently 
hydrophobic and small to traverse membranes on their own (Log Po/w from -0.4 to +5.6 and MW of 160 to 480 g.mol-1). 
As a result, cell-impermeable molecules are usually excluded. Furthermore, many cancer drugs have off-target side 
effects that severely limit the efficacy of chemotherapy. In this work, we have explored the properties of pHLIP as a 
targeting and delivery system by defining some of the properties of molecules that can be translocated into cells, thus 
establishing boundary conditions for a new arena of drug design using this approach. Our method is based on pHLIP, a 
36 amino-acid peptide that is soluble at physiological pH, and binds to membrane lipid bilayer surfaces if they are 
present. Unlike other strategies, it can simultaneously target tumors, carry the cargo, insert as a transmembrane helix 
and translocate the payload across the plasma membrane at low pH. We find that cargo molecules with Log Po/w of ~ -3 
and molecular weights of ~ 800 are efficiently delivered into cancer cells. Thus, pHLIP may help to expand the chemical 
space for anti-cancer (and anti-inflammatory) drugs to include polar, cell-mpermeable molecules aimed at cytoplasmic 
targets. Because such drug molecules will not easily cross cell membranes in normal tissues, certain of the side effects 
associated with conventional chemotherapy may also be mitigated. 

This work is supported by the National Health Institute grants GM073857 and CA133890, and by an Anna Fuller Fellowship to MA.

• When compared to pHLIP alone, the cyclic peptides NC(Ser)4 and NC(Asp)4 influence greatly the pK of insertion of 
pHLIP from ~6 to ~ 7. This may be due to interaction between the cargos and the Asp residues at the C-term of 
pHLIP, which protonation is believed to be coupled to the insertion process. However, more studies are needed to be 
understand in more details this mechanism.

• We are also investigating the influence of the cargos on the kinetic of insertion by stop-flow fluorescence.

Figure 8. Determining the pK of insertion of pHLIP-NC(Ser)4 and pHLIP-NC(Asp)4 into the membrane of lipid vesicles. Samples (3 !M) are prepared in the presence of liposomes as explained 
above, and "max of Trp emission is monitored (exc. at 295 nm) after lowering the pH with HCl. Average of 2, error bars represent range. Graph for pHLIP is adapted from [1].

D. Influence of cargo on insertion in the membrane of liposomes

pKapp = 6.0 pKapp = 7.15 ± 0.252 pKapp = 6.87 ± 0.233

pHLIP

(A) (B)

(pH 8.0)

(pH 4.0)

• In the case of pHLIP-NC(Arg)4, the conjugate seems to 
stick to cell plasma membranes and aggregate on the 
glass window at both pHs, further confirming what we 
observed by CD and Trp fluorescence.

• In the case of pHLIP-NC(Asn)4, we suggest that it is the 
polarity of the cargo (Log Po/w ~ -8.5) that prevents 
pHLIP constructs from inserting across lipid bilayers, 
since its CD and Trp fluorescence data are consistent 
with the notion that this pHLIP conjugate undergoes a 
clear transition from random coil to helix when pH is 
decreased from 8 to 4. 

D. pHLIP-mediated translocation into cancer cells

Energetics of pHLIP Equilibriums

POPC
at 37ºC (310 K)

Reshetnyak YK, Andreev OA, Segala M, Markin VS, Engelman DM (2008)

Proc Natl Acad Sci U S A 105(40):15340-15345.

pHLIP:          NH2-GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT-CO2H

“low” pH
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Specific Delivery of Drugs Using pHLIP

• MMAF: monomethyl auristatin 

• extremely toxic

• requires targeting agent O
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Therapeutic Efficacy of a Family of pHLIP−MMAF Conjugates in
Cancer Cells and Mouse Models
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ABSTRACT: The targeting of therapeutics specifically to diseased tissue is crucial for the development of successful cancer
treatments. The approach here is based on the pH(low) insertion peptide (pHLIP) for the delivery of a potent mitotic inhibitor
monomethyl auristatin F (MMAF). We investigated six pHLIP variants conjugated to MMAF to compare their efficacy in vitro
against cultured cancer cells. While all pHLIP−MMAF conjugates exhibit potent pH- and concentration-dependent killing, their
cytotoxicity profiles are remarkably different. We also show that the lead conjugate exhibits significant therapeutic efficacy in
mouse models without overt toxicities. This study confirms pHLIP−monomethyl auristatin conjugates as possible new
therapeutic options for cancer treatment and supports their further development.
KEYWORDS: monomethyl auristatins, peptide drug delivery, targeted drug delivery, tumor acidity, cytotoxicity, in vivo efficacy

■ INTRODUCTION
Monomethyl auristatins derivatives represent a family of
synthetic microtubule depolymerization agents with remarkable
toxicity toward cancer cells. However, due to their high
potency, they are too toxic for clinical use unless conjugated to
a tumor-targeting moiety. Antibody−drug conjugates (ADCs),
such as brentuximab vedotin (Adcetris), have harnessed the
specificity of monoclonal antibodies to selectively deliver these
compounds to tumors in an effort to increase their therapeutic
window. However, relying on a single cancer biomarker as the
basis for developing a targeted therapy is flawed and destined to
result in selection of tumor clones that have lost expression of
the target antigen, and eventually promote acquired resistance
and disease progression.1 It is the case for brentuximab vedotin
and trastuzumab emtansine (Kadcyla), with which most treated
patients develop acquired drug resistance.1−6 However, nearly
all solid tumors have elevated acidosis (low extracellular pH),
which can be exploited for targeted therapy. As acidosis results
from alterations in basic cellular metabolism that are inherent
to the oncogenic process, it is hypothesized to be less prone to
the development.
Here, we use the pH(low) insertion peptide (pHLIP), a

peptide that exploits tumor acidity to promote its selective
targeting and intracellular delivery of cargo molecules.7−14 We

recently showed that pHLIP provides localized delivery of
monomethyl auristatin E (MMAE) to cancer cells.12 This
previous study shows that pHLIP-mediated translocation of
MMAE inhibits the proliferation of cancer cells in a pH-
selective and concentration-dependent fashion and that it offers
clear advantages over treatment with free MMAE. The same
study also shows that the pHLIP−MMAE conjugate effectively
targets triple-negative breast tumor xenografts in mice and that
pHLIP−MMAE is stable in serum over a relevant time frame
for its systemic clearance rate. Altogether, these results indicate
that pHLIP−monomethyl auristatin conjugates may provide a
targeting mechanism to attenuate systemic toxicity and also
support their further development as an efficacious treatment of
cancer.
In the present study, with the goal to optimize the selective

delivery of monomethyl auristatins to cancer cells and tumors,
we evaluate the selective cytotoxicity of a panel of pHLIP
variants with different insertion properties in conjugation with
monomethyl auristatin F (MMAF), and translate the lead
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the development.
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previous study shows that pHLIP-mediated translocation of
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pHLIP-MMAF: In Vivo Studies

➡ Treatment with pHLIP-MMAF increased rates of overall survival!!

NCr nu/nu mice:

• Harboring HeLa xenographs

• I.V. treatment at 1 mg/kg (days 1, 3, 5 and 8)

• 10 mice per group

Burns, K. et al. Mol. Pharmaceutics 2017, 14, 415-422
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• pHLIP peptides can tether and 
accumulate cargo molecules at 
cell surfaces in tumors

• How can this be used to kill cancer 
cells?

• Use in conjunction with 
immunotherapy

Energetics of pHLIP Equilibriums

POPC
at 37ºC (310 K)

Reshetnyak YK, Andreev OA, Segala M, Markin VS, Engelman DM (2008)

Proc Natl Acad Sci U S A 105(40):15340-15345.

pHLIP:          NH2-GGEQNPIYWARYADWLFTTPLLLLDLALLVDADEGT-CO2H

“low” pH

Using pHLIP With A Different System
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• The immune system naturally 
detects and destroys 
abnormal cells


• Cancer cells are sometimes 
able to avoid detection:


• reduce expression of 
tumor antigens on the 
surface


• express proteins on the 
surface to induce 
immune cell inactivation

How The Immune System Targets Tumors
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How The Immune System Targets Tumors

➡ All use an antibody that detects an antigen
➡ pHLIP can display the antigens needed to re-engage the 

immune system against cancer

2 Cancer Immunotherapy Applications of xCELLigence® RTCA Systems

Overview

What is cancer immunotherapy?

Cancer immunotherapy consists of multiple approaches that focus on harnessing and enhancing the innate powers 
of the immune system to fight cancer. While traditional small molecule chemotherapy continues to play a critical role 
in cancer treatment, immunotherapy is rapidly gaining traction; in 2014 immunotherapies constituted ~50% of the 
overall oncology pharmacopeia. Cancer immunotherapies can be divided into four major categories: (1) cytokines/
immunomodulation agents, (2) monoclonal antibodies, (3) cell-based therapies, and (4) oncolytic viruses. Though 
monoclonal antibodies currently represent the largest class of commercialized cancer immunotherapies, cell-based 
therapies are rapidly making headway.  This class of patient-specific therapies involve collecting immune cells from a 
cancer patient, engineering them (via genetic manipulation or peptide/adjuvant stimulation) to recognize and kill cancer 
cells, growing large numbers of these, and reintroducing them into the same patient.   

What are the different ways the immune system can be harnessed to target  
tumors?

As shown in the figure below, immune cell-mediated tumor cell killing can involve the components of both the 
innate and adaptive immune systems including: (1) natural killer (NK) cells, (2) cytotoxic T cells (MHC-dependent), (3) 
antibodies secreted by B lymphocytes, (4) engineered antibodies such as bispecific antibodies and bispecific T cell 
engagers (BiTEs), (5) genetically engineered T cells targeting specific tumor antigens (e.g., CAR-T; MHC-independent), 
and (6) macrophage-mediated phagocytosis. 

What assays are used to study immune cell-mediated killing?

Many in vitro assays have been developed to screen and evaluate the efficacy of immune cell-mediated killing. The 
most common of these is the release assay where effector cell-mediated disruption of the target cell membrane 
results in leakage of its cytoplasmic contents into the culture medium.  Endogenous biomolecules (such as lactate 
dehydrogenase) or previously added exogenous labels (such as the radioisotope 51Cr) that leak into the media are then 
measured as an indirect readout of the damage caused by effector cells.  Alternative endpoint methods include flow 
cytometry, ELISA-based granzyme measurement, and morphometric analyses by microscopy.  While the data provided 
by these assays help piece together a reductionistic understanding of different facets of immune cell-mediated killing, 
it is important to acknowledge that the parameters being reported often do not correlate with target cell killing efficacy 
in vivo.  There is an urgent need for in vitro assays that more accurately predict the in vivo behavior of therapies.  The 
ideal assay should also provide quantitative results and be homogeneous, automated (requiring less hands-on time), 
and label-free.

2 Cancer Immunotherapy Applications of xCELLigence® RTCA Systems

Overview

What is cancer immunotherapy?

Cancer immunotherapy consists of multiple approaches that focus on harnessing and enhancing the innate powers 
of the immune system to fight cancer. While traditional small molecule chemotherapy continues to play a critical role 
in cancer treatment, immunotherapy is rapidly gaining traction; in 2014 immunotherapies constituted ~50% of the 
overall oncology pharmacopeia. Cancer immunotherapies can be divided into four major categories: (1) cytokines/
immunomodulation agents, (2) monoclonal antibodies, (3) cell-based therapies, and (4) oncolytic viruses. Though 
monoclonal antibodies currently represent the largest class of commercialized cancer immunotherapies, cell-based 
therapies are rapidly making headway.  This class of patient-specific therapies involve collecting immune cells from a 
cancer patient, engineering them (via genetic manipulation or peptide/adjuvant stimulation) to recognize and kill cancer 
cells, growing large numbers of these, and reintroducing them into the same patient.   

What are the different ways the immune system can be harnessed to target  
tumors?

As shown in the figure below, immune cell-mediated tumor cell killing can involve the components of both the 
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Strategy 1:

Strategy 2:



Antibody Therapy
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• Antibody therapy is a powerful cancer treatment.


• Two important mechanisms to kill targeted tumor cells:

• Complement Dependent Cytotoxicity (CDC)


• Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)

Effector cell (i.e. natural killer cells and 
macrophages) recognize IgG antibodies 
➡ release factors to cause apoptosis

Complement binds to antibodies that 
induces membrane attack complex 
➡ release factors to cause apoptosis

➡ Find antigens that recruit endogenous antibodies!



Known Antigens That Recruit Endogenous Antibodies

2, 4 Dinitrophenyl RhamnoseGalactosyl-α-(1,3)-galactose

Murelli, R.P., et al. 2009 JACS. 131: 17090-2
Muller-Eberhard, H. 1988 J. Annu. Rev. Biochem. 57: 321-47
Hale, G. et al. 1988 J. Immunol.

➡All three antigens have been shown to recruit antibodies with pooled 
human serum

➡One-agent therapy

➡DNP has a monoclonal antibody against it - allows us to directly test 
effective recruitment

22
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Synthesize DNP-pHLIP Constructs

pHLIP Variants Sequence pH50

WT AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG 6.1

D25E AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTCG 6.5

P20G AAEQNPIYWARYADWLFTTGLLLLDLALLVDADEGTCG 6.7

D14Gla/D25AaD AAEQNPIYWARYAGlaWLFTTPLLLLAadLALLVDADEGTCG 6.8

Aspartic Acid Glutamic AcidProline Glycine

Aminoadipic Acid

Aspartic Acid

Carboxyglutamic Acid
pH50 = pH where 50% pHLIP is inserted in the membrane 

If pH50 is higher ➡ more pHLIP will be inserted at treatment pH (6.0) 

Higher pH50 = Higher Labelling of cells
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Synthesize DNP-pHLIP Constructs

pHLIPH2N

1. Fmoc-Lys(Dnp)-OH
HBTU, DIEA, DMF

2. Piperidine, DMF pHLIP
H
N

C

O

H2N

HN

O2N NO2

TIPS, H2O, TFA

pHLIP
H
N

C

O

H2N

HN

O2N NO2

C

O

NH2

pHLIP Variants Sequence pH50

WT AAEQNPIYWARYADWLFTTPLLLLDLALLVDADEGTCG 6.1

D25E AAEQNPIYWARYADWLFTTPLLLLELALLVDADEGTCG 6.5

P20G AAEQNPIYWARYADWLFTTGLLLLDLALLVDADEGTCG 6.7

D14Gla/D25AaD AAEQNPIYWARYAGlaWLFTTPLLLLAadLALLVDADEGTCG 6.8

Solid phase peptide synthesis:

Conjugate DNP-Lys  
to N-term of pHLIP

Cleave peptide 
from resin
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Antibody Recruitment: Lead Compound

Laser

Fluorescence

Fluorescein isothiocyanate (FITC) 

Flow Cytometry: 
quantify antibody 
recruitment
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Antibody Recruitment: Lead Compound

➡ WT: Low background (at pH 7.4)

➡ P20G: Recruits more antibodies at both pH

Low Background vs. More Recruitment?
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What About the Other Antigens?

• Surface plasmon resonance experiment: 


• DNP, α-Gal, Rhamnose were immobilized; exposed to 5 different 
human serums (4 patients and 1 commercial)


• Response units were compared after serum exposure


➡ More natural antibodies against rhamnose (compared to DNP)


➡ Take our lead (P20G) and conjugate with Rhamnose

4

Rhamnose



Negative

Control

DNP-P20G Rhamnose-P20G
1 uM 10 uM 1 uM 10 uM

28

Human Serum Antibody Recruitment

Step 1: 

Treat with DNP-P20G 
and Rhamnose-P20G 

(pH = 6.0)

Step 2: 

Incubate treated 
cells with human 

serum

Step 3: 

Incubate with anti-
human antibody 

conjugated to FIT-C

➡ It can recruit endogenous antibodies! 
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Can Antigen-pHLIP Facilitate CDC Mediated Killing?

• Use xCELLigence system:


• Allows for real-time, label-free monitoring of cell health 
and behavior


• Application of an electric potential across gold 
electrodes - dependent on the electrodes interacting 
with the solution
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Can Antigen-pHLIP Facilitate CDC Mediated Killing?

• Treat cells with antigen-pHLIP at pH 6.0


• Incubate with human serum (25% or 
50%) - contains antibodies and 
complement proteins


• Add treated and not treated cells to 
xcelligence instrument
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Can Antigen-pHLIP Facilitate CDC Mediated Killing?

• Both DNP- and Rhamnose-P20G were successful in 
promoting CDC mediated killing!
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Strategy 2: 

Using Antigen-pHLIP in Conjunction 
with CAR-T Therapy
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CAR-T Cells: Cure For Cancer?

• FDA approved the first cell-
based gene therapy in the 
United States at the end of 
August 2017


• Kymriah uses CAR-T cells to 
treat children and young adults 
suffering from leukemia 


• $475,000 for patients who 
respond to treatment


• Harvests the patient’s T-cells 
and engineers it to recognize a 
specific antigen displayed on the 
tumor
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CAR-T Cells: How does it work?

• Common procedure 

• Extraction of T-cells from patient


• Genetically modify (to express CAR on membrane); expand in vitro


• Re-infuse into the patient 


• CAR recognizes and binds to specific tumor antigen

Christina Müller 

Technical Journal Club May 24th 2016  

Making the switch to a safer 
CAR-T cell therapy 

HaemaLogiX 2015 

Christina Müller 
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CAR-T Cells Can Have Severe Side Effects

Can minimize side effects by decorating tumors with non-
endogenous antigens that can be targeted by CAR-T cells

2

Toxicity of CAR T cells
C Bonifant et al.

Molecular Therapy — Oncolytics (2016) 16011 Official journal of the American Society of Gene & Cell Therapy

also been seen following the infusion of therapeutic monoclonal 
antibodies (mAbs), systemic interleukin-2 (IL-2), and the bispecific 
CD19-CD3 T-cell engaging antibody blinatumomab.24–29 In the set-
ting of early CAR T-cell trials utilizing “first-generation” constructs 
(without costimulatory signaling elements), insufficient T-cell pro-
liferation/cytokine production and lack of antitumor response 
were noted.30 The addition of costimulatory signaling in second-
generation CAR design (CD28 or 41BB) translated to improved 
T-cell activation/expansion, cytokine production, and most notably  
dramatic antitumor responses in patients with hematologic 
 malignancies.3,31,32 However, the “double-edged sword” of CAR T 
cells is demonstrated in the similarly impressive and potentially life-
threatening CRS following CAR T-cell administration.3,31–34

The hallmark of CRS is immune activation resulting in elevated 
inflammatory cytokines. Clinical and laboratory measures range 
from mild CRS (constitutional symptoms and/or grade-2 organ 
 toxicity) to severe CRS (sCRS; grade ≥3 organ toxicity, aggressive 
clinical intervention, and/or potentially life threatening).23,35 Clinical 
features include: high fever, malaise, fatigue, myalgia, nausea, 
anorexia, tachycardia/hypotension, capillary leak, cardiac dysfunc-
tion, renal impairment, hepatic failure, and disseminated intravascu-
lar coagulation.23 Dramatic elevations of cytokines including inter-
feron-gamma, granulocyte macrophage colony-stimulating factor, 
IL-10, and IL-6 have been shown following CAR T-cell infusion.3,31,32,36 
The cost and technical difficulties inherent to “real-time” monitoring 
of serum cytokines have precluded the clinical application of this 
methodology to identify evolving CRS. Currently, under investiga-
tion is the use of C-reactive protein, which is made by hepatocytes 
in response to IL-6, as a laboratory marker of CRS onset and sever-
ity.31 The presence of CRS generally correlates with expansion and 
progressive immune activation of adoptively transferred cells. It has 

been demonstrated that the degree of CRS severity is dictated by 
disease burden at the time of infusion as patients with high tumor 
burden experience a more sCRS.3,31,32 In reports of patients treated 
with CD19-specific CAR T cells for relapsed/refractory B-cell acute 
lymphoblastic leukemia, the incidence of sCRS has ranged from 19 
to 43%, with variability likely due to differences in clinical identifica-
tion of the syndrome, chimeric receptor designs, and infused cel-
lular phenotypes.3,23,31,32,36 Clinical outcome is not predicated on the 
development of sCRS as patients may exhibit an antitumor response 
in the absence of this toxicity. However, in the context of hemato-
logic malignancies the majority of patients who respond exhibit at 
least mild CRS (fever) following CAR T-cell infusion.

Following diagnosis of CRS, a challenge has been choosing 
appropriate therapy to mitigate the physiological symptoms of 
uncontrolled inflammation without dampening the antitumor 
efficacy of the engineered cells. Systemic corticosteroid has been 
shown to rapidly reverse symptoms of sCRS without compro-
mising initial antitumor response.31,32 However, prolonged use 
(e.g., >14 days) of high-dose corticosteroids has also resulted in 
ablation of the adoptively transferred CAR T-cell population poten-
tially limiting their long-term antileukemia effect.31 As an effective 
alternative IL-6 receptor (IL-6R) blockade with the Food and Drug 
Administration-approved mAb, tocilizumab has demonstrated 
near-immediate reversal of CRS.3,35 Investigators are now deter-
mining the effect of IL-6R blockade on CAR T-cell proliferation, 
persistence, and most importantly, antitumor effect. Despite this 
unknown, the use of IL-6R blockade has generally been accepted 
as front-line treatment for sCRS following CAR T-cell infusion.23,31,36 
It is also unknown whether blocking other cytokine/receptor part-
ners would effectively treat CRS and maintain antitumor efficacy. 
Future studies are warranted and ongoing.

Figure 1 Toxicities of chimeric antigen receptor (CAR) T-cell therapy. Depiction of reported/potential toxicities following the use of CAR T cells: 
insertional oncogenesis (theoretical); neurological toxicity; “on-target, off-tumor” toxicity (engagement of target antigen on nonpathogenic tissues); 
anaphylaxis/allergy (host reaction to foreign antigen expressed by the CAR T cell); cytokine release syndrome (systemic inflammatory response 
following activation of CAR T cells). CRP, C-reactive protein.
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Our Approach

Peter Schultz JACS 2015

• What antigen to use?


• Schultz group used FITC conjugated 
to folate 


• Allowed them to target folate 
receptor over expressing 
tumors


• 2 -step targeting system; they 
showed significant decreases 
in off target effects
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Our Approach

• FITC-pHLIP may allow for better targeting of 
cancer cells!


• Decrease off target effects


• This can also be done with DNP or Rhamnose as 
the antigens


• Need to create CAR-T cells that express 
those antibodies
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Conclusions
I. Current Targeted Therapeutics 

- Provide targeting though over-expressed membrane receptors

II. pH(Low) Insertion Peptide (pHLIP)

- Targets a general biomarker for all cancer types

- Provides carrier and display capabilities 

III. Utilizing the Immune System

- The immune system can be re-engaged to target cancer cells 
through antigens that recruits endogenous antibodies

- CAR-T therapy has a lot of potential to become a successful 
targeted and personalized treatment 


