
Andrew Gerry1, Joe Sanderson1, Miguel Maroto1, Tiago Ferronha1, Sulabha Ranaganthan2, Elliot Norry2, Lini Pandite2, Rafael 
Amado2, Bent Jakobsen1

1. Adaptimmune Ltd, 91 Park Drive, Milton Park, Abingdon, Oxfordshire, OX14 4RY, UK; 2. Adaptimmune LLC, Two Commerce Square, Suite 1700, 2001 Market Street, Philadelphia, PA 19103, USA

Cell screen
• To screen for potential off-target cross-reactivity, AFP SPEARTM T-cells were 

assessed by IFN-γ secretion following incubation with HLA-A2+ primary normal and 

tumor-derived human cells covering different cell types from a variety of organ 

systems (126 primary cells, 38 tumor lines). An example of the output against cells 

derived from one tissue system is shown in Figure 5. All primary normal cells and 

non-HCC cell lines were confirmed to be AFP negative

• AFP SPEARTM T-cells recognized and secreted IFN-γ in response to incubation with 

the AFP+ HCC cell line, HepG2, when compared to non-modified T-cells. No 

response was detected by AFP SPEARTM T-cells against almost all cells of 

blood/immune, brain/central nervous system, cardiovascular, endocrine, gastro-

intestinal, reproductive, liver, musculoskeletal, respiratory or skin origin. Some 

responses were observed against three cell types; however, these were due to 

HLA-A*0202 alloreactivity or experimental aberrancies 

• In summary, no off-target AFPc332T cell responses of concern were observed 

against a variety of cell types from a variety of organ systems

Targeting alpha fetoprotein with SPEARTM T-cells in hepatocellular 
carcinoma 

Introduction
• Alpha fetoprotein (AFP), an oncofetal protein, is transcriptionally repressed after 

birth. Increased AFP in adult circulation is associated with liver regeneration, 

hepatitis, chronic liver diseases or malignant growth 

• Up to 50% of hepatocellular carcinoma (HCC) tumors express AFP and expression 

tends to be very high and homogeneous, making AFP an attractive immunotherapy 

target

• We have generated an optimal affinity-enhanced T-cell receptor (TCR) specific for 

the HLA-A2-restricted peptide AFP158-165 (FMNKFIYEI), AFP332; here we 

describe evaluations to test its potency and safety using our extensive in vitro 

preclinical safety package

• An IND is approved for a Phase I clinical study of autologous T-cells transduced to 

express AFP332, termed AFP SPEARTM T-cells. This will evaluate the safety and 

anti-tumor activity of AFP SPEARTM T-cells in HLA-A*0201+ patients with AFP+ 

HCC and good residual liver function

Target Validation
• AFP expression was assessed in normal cells, HCC samples and other tumor cell 

lines (Figure 2) 

• Expression of AFP was liver restricted, with high and homogenous levels found in 

approximately one third of HCC samples and with some lower expression found in 

cirrhotic samples

Molecular mapping – X scanning
• For TCR specificity testing, molecular mapping of each position of the target peptide 

was performed to establish a consensus sequence used to search the human 

proteome for potential mimotypes. This assay, termed ‘X-scan’ (Figure 4), involves 

determining the reactivity of the TCR towards a panel of 172 peptides with positional 

amino acid substitutions of the index peptide. This allows the derivation of a full 

pattern, or motif, of every potentially tolerated peptide. BLAST searching this motif can 

thereby give every known human protein containing nonameric sections tolerated by 

this TCR, and indicates whether the selected TCR has the potential to exhibit off-

target cross-reactivity

• A pattern was designed based on the results from the X-scan. This pattern contains all 

tolerated residues at each position (including ‘marginal positives’ where at least one of 

the T-cell donors gave a response above 10% of the index peptide; the average of all 

donors did not reach the 10% cut-off and so these were included for completeness)

• Searching for proteins containing this pattern identified 291 human proteins containing 

165 unique nonameric sequences contained within the motif, including AFP

• All 165 X-scan peptides were synthesized and screened against AFP SPEARTM T-

cells. Of these only three peptides generated a response at a concentration within 2-

log of the index peptide; GP101, CTGE2 and ADCL2. These three genes were over-

expressed in a tumor cell line and none were recognized by AFP SPEARTM T-cells, 

therefore no safety issues from these are expected

Potency
• Cells grown in 2-dimensional culture may not represent the physiology and gene 

expression profile of cells grown in vivo, and therefore may not be entirely 

representative of the in vivo environment. Therefore, in addition to IFN-g secretion 

and cytotoxicity assays against HCC lines, we have included screening of AFP 

SPEARTM T-cells against ‘more physiological’ cell cultures including cells grown in 

3D and against iPS cells

• Cytotoxic activity of AFP SPEARTM T-cells was only detected against 3D HepG2 

HCC cell line microspheres (Figure 6), and not against AFP-negative A375 3D 

melanoma or N10 primary melanocyte microspheres, unless exogenous peptide 

was added to these cultures (data not shown). No response to iPS astrocytes, 

endothelial cells or cardiomyocytes was seen.

Conclusions
• Target validation results indicated that AFP could be a very attractive target for 

HCC, with a potential therapeutic window for the TCR to recognize highly positive 

HCC tissue without marked recognition of non-cancerous tissue

• No safety concerns precluding clinical development were identified for AFP 

SPEARTM T-cell reactivity. 126 normal cells and 42 tumor cell lines from various 

organ systems were screened for AFP SPEARTM T-cell reactivity; AFP SPEARTM T-

cells secreted cytokines and exhibited cytotoxic activity against HCC cell lines in 2D 

culture and 3D microtissues, but no relevant response to any other HLA-A*0201-

expressing cells

• Alloreactivity was detected against a subset of HLA-A*0202 primary cells.  A full 

alloreactivity screen performed using a panel of 51 EBV- transformed B cell lines 

covering 38 HLA-A, 63 HLA-B and 28 HLA-C alleles also demonstrated enhanced 

responses against HLA-C*0404 and HLA-B*5103 (data not shown). AFP SPEARTM

T-cells did not recognize the AFP peptide in the context of HLA-A*0203. Patients 

with HLA-C*0404 and -B*5103 and -A*0202 will be excluded.  

Methods
• As traditional animal models are not informative for human TCR safety studies, we 

have devised an extensive in vitro preclinical screening strategy, comprising three 

core components for assessing the specificity and potency of TCR engineered T-

cells (Figure 1): 

1. Molecular mapping of the TCR-peptide:MHC binding preferences to identify 

potential cross-reactive peptides, verification of any identified peptides by 

loading candidates on antigen presenting cells and mass spectrometry to 

confirm candidate peptide processing and presentation 

2. Human cell testing against panels of primary normal cells from multiple organ 

systems in 2D, 3D and iPS (induced pluripotent stem) cell culture formats to 

identify any cross-reactivities in more physiologically relevant cultures

3. Potency testing of the TCR-transduced T-cells by antigen-driven proliferation, 

cytokine release and cytotoxicity

Figure 1. 
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Intensity of staining

None Low Medium High Total

Normal tissue 42 (100%) - - - 42

Hemangioma 10 (100%) - - - 10

HCC 33(58%) 1(2%) 8 (14%) 15 (26%) 57
Cirrhosis 87 (87%) 7 (7%) 3 (3%) 4 (4%) 101

Fatty Liver 16 (100%) - - - 16
Hepatitis 48 (92%) - 3 (6%) 1 (2%) 52

Haptic cyst 3 (100%) - - - 3

TCR generation and candidate selection
• A TCR specific for the HLA-A2-restricted peptide AFP158-165 (FMNKFIYEI) was 

identified and engineered to generate a panel of 12 affinity-enhanced TCRs (KD: 79.5-

0.31mM) (Figure 3)

• Enhancing the TCR affinity gave increased potency as determined by IFNg secretion 

against HCC cell lines whilst retaining absence of response to normal liver cells. 

Further increase in affinity led to eventual cross-reactivity

• One TCR (AFP332, 10mM KD), demonstrating enhanced potency against AFP-

expressing liver tumor cell lines and no response to normal hepatocytes, was selected

Figure 4. Full X-scan results for AFP 

SPEARTM T-cells. Data are presented 

as the mean +/- S.E.M. response 

relative to the response to the index 

peptide at 10-8M. Red bars indicate 

index peptide. 

* 'Marginal positives', i.e. residues which 

were tolerated in at least one repeat, but 

average response did not reach cut-off 

over all repeats. 

† the peptide containing a valine (V) 

residue substitution at position 3 was 

missing from the peptide ‘master’ plate 

– residue was tested later without 

response.

Figure 5. Example cell screen data. Response 

of AFPc332T cells (red points) and ntd (black 

points) T cells to cardiovascular primary cells, 

by IFN-γ miniELISA. Each datapoint represents 

the mean of three replicate wells from a single 

assay. HepG2 and 'No target' data are included 

as positive and negative controls, respectively.

Figure 3. a) Schematic representation of candidate TCR selection process, b) First (wide) panel and c) refined 

panel of enhanced TCR-transduced T cells evaluated for activation in response to incubation against HCC cell 

lines and normal liver cells. T cells lentivirally transduced to express the engineered TCRs were incubated with 

the designated targets overnight prior to analysis by IFN-γ ELISpot. HepG2, JHH5_A2, HuH6 are HLA-A2+ AFP+ 

HCC cell lines, JHH5 and Hep3B are HLA-A2- AFP+ HCC cell lines, and HEP2 and HEP3 are normal primary 

hepatocytes. Graphical summary, mean +/- SEM of at least 6 donors each in triplicate

Figure 6. Cytotoxic activity of AFP SPEARTM T-cells towards AFP-expressing HepG2-GFP 3D microtissues

(~450-500 μm estimated diameter at time of T-cell addition, as measured by IncuCyte Zoom software (Essen 

Bioscience). HepG2 HCC cells were seeded in ultra-low adhesion (ULA) 96-well plates to allow 3D 

microtissues to form naturally. Microtissues were imaged every 4 hours in the IncuCyte ZOOM (Essen 

Bioscience). Following stable microtissues formation (217 h), AFPc332 or non-transduced (NTD) T-cells were 

added at 200,000 cells per well. a) Images show the GFP fluorescence of microtissues during the course of the 

assay for each of the conditions, two replicates are shown for AFP SPEARTM T-cells. i) and ii) show reduction of 

GFP with AFP SPEARTM T-cells, whereas iii) shows continued growth in the presence of NTD cells. b) The 

mean GFP fluorescence area of the central core of the microtissue in each well was measured over time for 

each treatment. Black and red arrows indicate T-cell addition and killing of the HepG2-GFP microtissues

respectively. GFP measurements were derived using custom Zeiss Axiovision software. Data is expressed as 

mean microtissue core fluorescence area +/- SEM of all 3 wells for each condition.

Transcript level per 100ng RNA

none
Low

<1000 

Medium

1000-<10,000 

High+ or Very high

10,000+ 
Total

Normal Tissue 0 1 (12%) 7 (88%) 0 8

HCC 5 (22%) 8 (35%) 2 (9%) 8 (35%) 23

Cholangiocarcinoma 1 (33%) 2 (67%) 0 0 3
Cirrhosis 0 0 4 (80%) 1* (20%) 5
Fatty Liver 0 2 (40%) 3 (60%) 0 5
Hepatitis 1 (33%) 1 (33%) 1 (33%) 0 3

⃰ 10,578 transcripts per 100ng RNA

Figure 2. a) qPCR screening of AFP mRNA in HCC lines, other tumor cell lines and normal primary cells, b) cDNA 

array, c) example immunohistochemistry (IHC) staining of HCC sections, d) AFP expression by IHC in tissue 

microarrays with HCC and liver disease tissue samples. Based on our cell assay data, a response against cells with 

≤10,000 copies is unlikely
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