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Abstract
Over the last decade, tremendous progress has been made 
in the field of adoptive cell therapy. The two prevailing mo-
dalities include endogenous non-engineered approaches 
and genetically engineered T-cell approaches. Endogenous 
non-engineered approaches include dendritic cell-based 
systems and tumor-infiltrating lymphocytes (TIL) that are 
used to produce multi-antigen-specific T-cell products. Ge-
netically engineered approaches, such as T-cell receptor en-
gineered cells and chimeric antigen receptor T cells are used 
to produce single antigen-specific T-cell products. It is noted 
by the authors that there are alternative methods to sort for 
antigen-specific T cells such as peptide multimer sorting or 
cytokine secretion assay-based sorting, both of which are 
potentially challenging for broad development and com-
mercialization. In this review, we are focusing on a novel 
nanoparticle technology that generates a non-engineered 
product from the endogenous T-cell repertoire. The most 
common approaches for ex vivo activation and expansion of 

endogenous, non-genetically engineered cell therapy prod-
ucts rely on dendritic cell-based systems or IL-2 expanded 
TIL. Hurdles remain in developing efficient, consistent, con-
trolled processes; thus, these processes still have limited ac-
cess to broad patient populations. Here, we describe a novel 
approach to produce cellular therapies at clinical scale, using 
proprietary nanoparticles combined with a proprietary man-
ufacturing process to enrich and expand antigen-specific 
CD8+ T-cell products with consistent purity, identity, and 
composition required for effective and durable anti-tumor 
response. © 2020 S. Karger AG, Basel

Introduction

Antigen-presenting cells (APCs) are immune cells that 
play major roles in processing and presenting antigens for 
recognition by T lymphocytes. Dendritic cells (DCs) are 
the most potent APCs for activating and directing the 
function of antigen-specific T cells required to kill dis-
eased or infected cells. Due to the nature of tissue resi-
dency of mature DCs capable of effective antigen presen-
tation, it can be difficult to obtain the numbers of DCs 
required T-cell stimulation from peripheral blood [1]. 
Monocytes, which are the natural progenitors of DCs, can 
be more easily isolated from peripheral blood mononu-
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clear cells and differentiated into mature DCs [2]. While 
isolation and in vitro differentiation of progenitor cells 
into functional DCs for T-cell stimulation is feasible, the 
progenitor differentiation process is lengthy, expensive, 
and results in a high degree of variability with respect to 
numbers and quality of APCs produced. In cancer pa-
tients, both APCs and their progenitor cells are often 
compromised or impaired, which can further challenge 
the reproducibility of the process [3–5]. In addition, con-
trolling specific DC antigen presentation to T cells is not 
biologically feasible. Despite clinical progress, these fun-
damental hurdles remain as limitations for all APC-based 
systems. To overcome these limitations, we have devel-
oped a rationally designed nanoparticle, termed AIM-np 
(Artificial Immune Modulation nanoparticle), that func-
tions as a nano-sized synthetic APC, which can be con-
structed to deliver precise instructions directly to specific 
populations of CD8+ T cells. AIM-np can be reproducibly 
manufactured and easily customized for different epitope 
targets or T-cell function.

The AIM Platform

The Artificial Immune Modulation (AIM) technology 
platform is comprised of two key components, AIM 
nanoparticles (AIM-np) that function as ‘artificial APCs’ 
and a proprietary cell therapy manufacturing process 
termed Enrichment + Expansion (E+E) [6]. When com-
bined, the AIM-np and E+E process produce a cell ther-
apy with highly reproducible product attributes that have 
been optimized for deep and durable anti-tumor clinical 
responses.

AIM Nanoparticle
AIM-np (shown in Fig. 1) act as nano-sized synthetic 

APCs and are designed to direct the natural immune 
function of antigen-specific CD8+ T cells. AIM-np con-
sist of a superparamagnetic iron-oxide nanoparticle core 
decorated with two humanized signaling proteins. HLA-
A2-IgG4 hinge dimer molecules are conjugated to the 
core nanoparticle to deliver signal 1 (antigen presenta-
tion), together with humanized anti-CD28 antibodies, 
which deliver signal 2 (co-stimulation). Subsequently, the 
AIM-np acts as a synthetic APC by directly engaging tar-
geted T cells through naturally occurring signaling mech-
anisms. Signal 1 is delivered by a peptide-loaded HLA 
class I (e.g., HLA-A*02: 01) dimerized fusion protein that 
presents antigen peptides to cognate T-cell receptors; sig-
nal 2 is delivered by a monoclonal antibody to the CD28 
receptor delivering the co-stimulatory signal, also called 
“danger signal,” to induce antigen-specific T-cell activa-
tion and proliferation. While the AIM-np employed in 
ongoing phase 1/2 clinical trials use the HLA subtype, 
HLA-*A02: 01, other HLA class I subtypes are under de-
velopment to be used interchangeably according to the 
individual patients being treated, thereby creating an 
“off-the-shelf” antigen presentation modality.

For clinical use, aliquots of AIM-np are loaded with 
individual HLA-restricted disease-relevant peptides, 
which can be derived from either surface or intracellular 
proteins that are overexpressed on target (diseased) cells. 
Multiple aliquots of individually loaded AIM-np can be 
combined to produce T-cell products capable of targeting 
multiple disease-relevant antigens. The peptide-loaded 
AIM-np effectively engage antigen-specific T cells with-
out the need of native APCs. AIM-np can be further cus-
tomized via peptide selection to target a variety of tumor 
types.

Fig.  1. AIM-np consist of a superparamagnetic iron-oxide nanoparticle, to which humanized HLA-A2-IgG4 
hinge dimer (signal 1) and humanized anti-CD28 antibody (signal 2) molecules are covalently linked. AIM-np 
can be loaded with an HLA-A*02: 01-restricted peptide of choice (shown in green) and lead to the activation and 
proliferation of antigen-specific CD8+ T cells. aAPC, artificial antigen-presenting cell.
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E+E Manufacturing Process
Reproducible manufacturing processes for DC-based 

T-cell therapies remain a challenge, and manufacturing 
scaling issues limit access to broader patient populations. 
While early clinical trials have demonstrated encouraging 
results in small numbers of cancer patients [7], produc-
tion of these therapies has traditionally been hampered 
due to a lengthy, difficult-to-control, and costly manufac-
turing process that yields a highly variable T-cell product. 
In addition, these endogenous DC-based approaches are 
not easily scalable for widespread manufacture. Finally, 
controlling precise DC antigen processing and presenta-
tion to T cells is not possible. Replacing DCs with the 
AIM-np provides direct engagement with cognate T cells, 
which when combined with a T-cell enrichment and ex-
pansion process (E+E) represents a novel approach de-
signed to overcome these hurdles. Clinical manufactur-
ing is conducted in the CliniMACS Prodigy, which has 
been customized to run the E+E process in a fully en-

closed, semi-automated cGMP system, and therefore, the 
manufacturing system is highly controllable, reproduc-
ible, and scalable (shown in Fig. 2).

Using this system, antigen-specific CD8+ T cells can be 
enriched from either a donor-derived or patient-derived 
leukopak in a sterile, reliable fashion and then expanded 
to therapeutically relevant T-cell numbers (shown in 
Fig. 3A). The first step in the E+E process involves the 
depletion of CD4+ T cells from the leukopak via magnet-
ic separation. Depletion of these cells helps ensure that 
there are no T regulatory (Treg) cells in culture or the fi-
nal product. Removal of Treg cells has been demonstrat-
ed to enhance anti-tumor effect [8]. After CD4+ cell de-
pletion, the remaining cells are enriched for CD8+ T-cell 
populations specific to the antigen peptides of interest. 
This is accomplished by step 2 in the process, where the 
cells are incubated with a cocktail of peptide-loaded AIM-
np, containing multiple AIM-np aliquots individually 
loaded with different tumor associated antigen peptides. 

Fig. 2. Enrichment and Expansion of antigen-specific CD8+ T cells. Leukapheresis material is collected from hu-
man donors and put into a CliniMacs-Prodigy® cell expansion system (Miltenyi Biotec). Magnetic separation is 
used to deplete CD4+ T cells and to enrich for antigen-specific CD8+ T cells using the AIM-np. The enriched cell 
suspension is placed in G-Rex expansion flasks in combination with a proprietary cytokine mix. Cultures are 
expanded for 2 weeks. Using this process allows for the consistent generation of clinically relevant numbers of 
antigen-specific CD8+ T cells (shown as blue cells). Portions of cartoon adapted from Perica et al. [6].
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The individual AIM-np identify and engage their cognate 
T-cell receptors from the endogenous CD8+ T-cell reper-
toire. CD8+ T cells bound to the AIM-np are separated 
using the magnetic column, while all other cells including 
monocytes, B cells, NK cells, and non-antigen-specific 
CD8+ T cells are discarded. In step 3 of the process, the 
enriched CD8+ T cells are eluted from the magnetic col-
umn, together with any unbound AIM-np, and trans-
ferred to a G-Rex culture system (Wilson-Wolf Manufac-
turing) for a subsequent 14-day expansion period as 
shown in Figure 2. Throughout the expansion process, 
cells are fed with a cytokine cocktail optimized to expand 
T cells and to yield a product that is composed of both 
antigen-specific and high-quality memory CD8+ T cells. 
Using anti-CD28 monoclonal antibody as a co-stimula-
tory molecule supports engagement and expansion of T 
cells from the naïve repertoire, which, in turn, enables the 
ability to control the in vivo T-cell differentiation process 
in a way that consistently produces less differentiated T 
cells. These less differentiated T-cell subtypes possess an-

ti-tumor, proliferative and self-renewal properties [9, 10]. 
This is meaningfully contrasted with the more differenti-
ated T-cell subtypes produced from the multiple rounds 
of re-stimulation or manipulation required with DC-
based expansion procedures [7, 11, 12].

The AIM technology has been optimized for clinical 
use in the following ways:
1.	 Sensitivity: AIM-np have the ability to target, activate, 

and expand antigen-specific T cells from very-low-fre-
quency populations and are designed to engage T cells 
from the naïve and memory repertoires through natu-
ral signaling mechanisms.

2.	 Process control and reproducibility: Consistent pro-
duction of T-cell products that are highly pure and 
contain antigen-specific populations of naturally oc-
curring CD8+ T cells.

3.	 Product composition: The incorporation of the AIM-
np as part of the proprietary E+E manufacturing pro-
cess produces T cells with a unique and powerful com-
bination of potency, target-specific activity, and long-

Fig. 3. Characteristics of AML T cells produced by Enrichment and Expansion process using peptide cocktail 
derived from WT1, PRAME, and cyclin A1. A Our manufacturing process produces a T-cell product at thera-
peutically relevant cell numbers. B Total antigen specificity (n = 4) is upwards of 20%. L52, L55, L80, and L92 
refer to individual leukopak experiments (A and B). The T cells in the final product are polyfunctional and display 
multiple effector functions upon non-specific stimulation (C and D).
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term persistence. Translating this aspect into the 
company’s current cancer product achieves clinical 
benefits outlined in Table 1.

4.	 AIM-np construct: The “Lego-like” nature of the AIM 
platform enables rapid and straightforward construc-
tion of a variety of synthetic DCs (AIM-np) that can 
be designed to activate or suppress antigen-specific T-
cell function, providing utility across cancer, auto-im-
mune, and infectious diseases.

In vitro Characterization of AIM-expanded T-Cell 
Products

Despite demonstrations of safety and efficacy in early-
stage clinical trials, there are significant limitations attrib-
uted to current DC-based adoptive T-cell therapy strate-
gies, including poor T-cell engraftment and persistence, 
lengthy manufacturing timelines, and diminished thera-
peutic effectiveness [9]. In the following section, we de-
scribe the most important characteristics of AIM-ex-
panded T-cell products designed to overcome these limi-
tations through in vitro characterizing of the following 
critical cell therapy attributes: T cell specificity, pheno-
type, and functionality.

Antigen Specificity of AIM-Expanded T-Cell Products
A primary mechanism of tumor escape is “target 

downregulation.” This occurs when a tumor cell is un-
der immune pressure and downregulates or stops ex-
pressing the specific antigen being attacked by the im-
mune system. In the case of chimeric antigen receptor 
T-cell therapy, data has shown that malignant B cells 
have the ability to downregulate the expression of CD19 
surface proteins as a way to escape recognition by the 
genetically engineered T cells [13, 14]. Cellular thera-
pies that can direct populations of T cells against mul-
tiple tumor-specific antigen targets represent a promis-

ing approach to address this primary escape mecha-
nism.

As described, our AIM-np based E+E process targets 
multiple peptides from different tumor antigens simul-
taneously to produce multi-antigen-specific T-cell 
products. In the examples shown in Figure 3B, we have 
used an AIM-np cocktail that was loaded with five pep-
tides from multiple acute myeloid leukemia (AML) an-
tigens to minimize the risk for immune escape [15–17]. 
Using five antigen peptides also increases the likelihood 
that at least one of these antigens is highly expressed in 
any given patient’s tumor. The final T-cell product is 
composed of (on average) more than 20% antigen-spe-
cific cells across all antigens (Fig.  3B). In a separate 
study comparing specificity, phenotype, and function-
ality of T-cell products, Ichikawa et al. [18] have shown 
that the AIM-np based E+E process generates Mart-
1-specific T-cell products from both healthy donors 
and melanoma patients that are far superior to T-cell 
products that were generated with peptide-loaded au-
tologous DCs. As antigen-specific T cells are enriched 
from the endogenous T-cell repertoire, donor-to-do-
nor variability will affect final composition of the prod-
uct. However, the AIM E+E system produces similar 
results using healthy donor or patient cells. Finally, the 
number of antigens and peptide targets can be geared 
up or down for future development.

T-Cell Phenotype
Ideal T-cell therapies contain T-cell subtypes that 

combine the anti-tumor potency and long-term persis-
tence required to deliver both deep and durable clinical 
responses. T-cell subtypes that are the primary drivers of 
tumor cell killing reside in the T effector memory (Tem) 
compartment. The subtypes that are primarily responsi-
ble for T-cell proliferation and immunologic memory are 
found in the T central memory (Tcm) compartment, while 
subtypes required for self-renewal and long-term longev-

Table 1. Clinical benefits of NexImmune T-cell product

Antigen-tumor potency – 

– 

– 

Each product contains populations of T cells directed against multiple tumor-specific targets, 
including cell surface and endogenous antigen peptides
AIM-expanded T cells are polyclonal and contain a broad repertoire of both high- and low-affinity 
T-cell receptors
After target engagement, AIM-expanded T cells initiate a polyfunctional cytokine reaction capable of 
recruiting CD4+ T cells to generate a robust T cell-mediated immune response

Long-term persistence – Each product contains the T-cell subtypes essential to anti-tumor activity, proliferation, and self-
renewal

Safety – Because AIM-expanded T cells are generated from the natural repertoire and are not genetically 
engineered, they can effectively distinguish diseased cells from healthy cells and exhibit highly target-
specific killing; as a result, these T cells are not expected to demonstrate the life-threatening toxicities 
commonly associated with genetically modified T-cell therapies
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ity are from the T stem cell memory (Tscm) compartment. 
Infusion of less differentiated memory CD8+ T cells in 
both mouse and non-human primate models have dem-
onstrated increased engraftment and T-cell persistence 
[19–22]. Many ex vivo T-cell expansion systems involve 
processes that drive T cells toward a state of terminal dif-
ferentiation and exhaustion. These T cells are known as 
T effector memory CD45RA-positive (TEMRA) cells. As 
a result, many of the cells in the final T-cell products us-
ing these systems maintain potency but are very short-
lived. A primary driver of tumor relapse after initial re-
sponse from these therapies is loss of circulating T cells 
due to the death of the short-lived TEMRA cells [10, 23, 
24].

The AIM-np-based clinical manufacturing system 
consistently produces a T-cell product comprised of 
∼90% Tscm, Tcm, and Tem CD8+ T cells (shown in Fig. 4B). 
Noteworthy is that starting leukapheresis material con-
tains a large population of naïve T cells on day 0 (∼21%), 
while the final product contains on average less than 3% 
naïve T cells, as shown in Figure 4A. Furthermore, as 
demonstrated by Ichikawa et al. [18], similar memory cell 
populations and subtypes are also produced from re-
lapsed refractory melanoma patients when compared to 
healthy donors. Thus, this AIM-np-based approach re-
producibly manufactures T-cell products that have the 
desired combination of memory phenotypes that have 
the potential to mediate an effective and long-lasting an-
ti-tumor response.

T-Cell Functionality
Alongside phenotype and specificity, functionality is 

another important factor for successful T-cell therapy. 
Apart from tumor-specific cytotoxicity, release of im-
mune-mediating cytokines is an important measure of 
effector function. The ability of T cells to release multiple 
cytokines in response to a pathogen is considered a mark-
er of in vivo functionality. Furthermore, it has been shown 
that the ability to produce multiple cytokines is para-
mount to a robust T cell-mediated immune response and, 
in fact, serves as a correlate for T-cell efficacy [25, 26]. We 
have assessed the polyfunctionality of our final T-cell 
products via intracellular cytokine staining flow cytom-
etry, specifically looking at production of IL-2, IFN-γ, 
TNFα, and an upregulation of CD107a, an indicator of 
cytolytic activity. On average, 60% of the T cells in our 
cellular products demonstrate 3–4 distinct effector func-
tions, indicating a better in vivo therapeutic profile after 
infusion (shown in Fig. 3C, D).

Clinical Applications

Utilizing antigen-specific CD8+ T cells generated via 
our expansion platform, two multi-institutional phase 
1/2 clinical trials have been initiated. The company’s lead 
indication will evaluate its NEXI-001 T-cell product in 
AML patients with relapsed disease after receiving an al-
logeneic stem cell transplant (ClinicalTrials.gov identifi-
er: NCT04284228). Patients enrolled on this study will 

Fig. 4. The representative data shows over 95% cells in our final T-cell product are memory phenotype. A A rep-
resentative breakdown of memory subtypes defined by CD62L and CD45RA as indicated in the dot plot. T naïve 
cells and Tscm cells are further distinguished by CD95 expression as shown in the histograms. The histogram is 
an analysis of the CD62L+, CD45RA+ cells. B Overview of memory subtype distribution across 4 products. T stem 
cell memory (Tscm), T central memory (Tcm), T effector memory (Tem), and T effector memory CD45RA positive 
(TEMRA).
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receive AML tumor-specific CD8+ T cells produced from 
the original HLA-matched stem cell donor peripheral 
blood mononuclear cells. The primary objectives for this 
trial are safety and tolerability. Six patients will be en-
rolled in two separate cohorts at escalating dose levels 
within a 3 + 3 design. In absence of any dose-limiting tox-
icities, a dose expansion phase will follow, allowing for 
enrollment of up to 16–20 additional patients. All pa-
tients on study will be monitored for dose-limiting tox-
icities, adverse events, immunologic response, and clini-
cal activity.

The company’s second trial is currently enrolling re-
lapsed/refractory multiple myeloma patients that have 
failed at least three prior lines of therapy (ClinicalTrials.
gov identifier: NCT04505813). Similarly, the goal of this 
trial is to evaluate safety and tolerability. For this trial, 
each NEXI-002 T-cell product will be produced from in-
dividual patient-derived leukopak. Initial results from 
both trials were presented at the virtual 2020 ASH Con-
ference.

Conclusion

In summary, the AIM-np technology is a customiz-
able, “off the shelf” technology that serves as synthetic 
APCs to direct the natural immune function of antigen-
specific CD8+ T cells. The AIM-np offers a controlled 
method for antigen presentation and T-cell co-stimula-

tion by directly engaging antigen-specific T cells. When 
coupled with the E+E manufacturing system, the AIM-np 
provide antigen-specific T-cell stimulation and expan-
sion through a highly controllable, closed, automated, 
and scalable process. The final products are consistent in 
composition, are comprised of T cells expanded from the 
endogenous repertoire and contain T cells with naturally 
occurring T-cell receptor affinities. These attributes have 
potential to greatly reduce the risk of the life-threatening 
toxicities associated with on-target/off-tissue activity ob-
served with genetically engineered T-cell products. In ad-
dition to purity of composition, AIM-expanded cellular 
products contain populations of T cells that are tumor 
antigen-specific, cytotoxic, and polyfunctional and of 
memory subtypes capable of generating potent and du-
rable clinical responses. Finally, the AIM system is highly 
reproducible, scalable, and cost-effective, which increases 
the potential to access broader patient populations.
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