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Immunotherapy for cancer treatment continues to be developed and various strategies
have been carried out including bioengineering. This endeavour requires development of
technology, and efforts to find specific and sensitive tools to monitor immune responses during
and after therapy. The purpose of this mini-review was to discuss cancer immunotherapy using
T cell and immune checkpoint blockade therapy, as well as immunotherapy monitoring methods
using flow cytometry (FCM). Bioengineering of T lymphocytes for immunotherapy and immune
checkpoint blockades can be combined with nanoparticles as drug delivery carrier against
cancer to increase drug distribution to tumor cells, as well as T cell stimulation regulation to
reduce autoimmune effects. In addition, T cell engineering can also prevent Host versus Graft
alloreactivity in chimeric antigen receptor (CAR) T cell administration. FCM is a monitoring
method that is widely used in pre-clinical and clinical cancer immunotherapy studies.
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Immunotherapy is a method that is
continuously developed in the treatment of
cancer." > Immunotherapy has a great potential to
treat and prevent cancer recurrence by activating
the immune system to recognize and kill cancer
cells.® Clinical studies using chimeric antigen
receptor (CAR) T cells and immune checkpoint
blockade are examples of the success in cancer
immunotherapy.* * Adoptive cell therapy (ACT)
using tumor infiltrating lymphocytes (TIL) has
also been used successfully in treating patients
with metastatic melanoma.®

Various immunotherapy strategies
continue to be developed including cancer and
dendritic cell vaccines, T cell engineering, and
immune checkpoint blocking.'* Although it is
believed that the immune system can provide
an immune response to the growth of malignant
tumors, in fact, many malignant tumors still grow
in immunocompetent individuals.”® Therefore,
research in immunotherapy also needs to be
conducted to understand how and why certain
cancers fail to respond to immunotherapy, and also
to develop appropriate immunotherapy strategies.’
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This endeavour requires development of
technology, including rapid methods to characterize
the immune microenvironment of tumors, to
find specific and sensitive tools to assess patient
therapeutic outcomes, and to make it possible to
monitor immune responses, tumor growth, and
spread of tumors during and after therapy.> One
method to overcome these problems is the use of
immunoengineering in cancer therapy.’ In addition,
methods for immunotherapy monitoring are
needed, and one of these methods that are widely
used is flow cytometry.'® !

Flow cytometry (FCM) is a multi-
parameter analytic test for the characterization of
single cells and has been widely used in preclinical
as well as in clinical cancer immunotherapy
studies.'> '* The aim of this mini-review was to
discuss cancer immunotherapy using T cell and
immune checkpoint blockade therapy, as well as
immunotherapy monitoring methods using FCM.
T Cell Immunotherapy For Cancer

Engineering technology has been
developed to improve cancer therapy using T
cells. One of them is the use of nanocarriers
as drug delivery vehicle (carrier) that are
incorporated on the surface of T cells for cancer
therapy. Nanocarriers are often referred to as
nanoparticles, nanomaterials, or nanosomes. The
use of nanoparticles as a drug delivery carrier in
cancer therapy aims to increase the bioavailability
and payload (distribution) of drugs, and to improve
drug release to tumor cells, as well as to improve T
cell function in infiltrating tumors and to minimize
autoimmune toxicity.'* '

To avoid recognition by the immune
system, cancer cells will activate Shp 1/2
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phosphatase in TIL to stimulate T cell inhibitory
receptors such as PD-1, and CTLA-4. Moreover,
Shp1/2 phosphatases migrate to the immunological
synapse (IS), deactivate molecular signals of
proliferation, and down-regulate T cell activation.14
Stephan et al.'* engineered T lymphocytes by
conjugating a synthetic nanocarrier NSC-87877
to the surface of T lymphocytes. NSC-87877 is
a phosphatase inhibitor, which inhibit Shp1/2
phosphatase. Therefore conjugation of NSC-
87877 synthetic nanocarrier on the surface of
T lymphocytes can activate T cells, increase
immunologic synapses, and facilitate molecular
interaction between T cells and antigen presenting
cells (APCs). This interaction causes activation of
tumor antigen recognition by APC cells, increases
T cell (TIL) function in tumors, and minimizes
autoimmune toxicity. Engineered T cell-synthetic
nanocarrier NSC-87877 was injected to prostate
cancer mice models through the tail vein, and the
distribution was observed using bioluminescent
imaging. This study proved the expansion of T
cells in tumor sites resulting in an increase in the
survival of experimental animals with prostate
tumors. In addition, T cells conjugated with
synthetic nanocarrier NSC-87877 could activate
immunological synapses, and concentrate NSC-
87877 in the contact zone of T-cell/tumor cell
based on “demand”, so that it could regulate T cell
stimulation and reduce autoimmune reactions. '
Other studies also proved that T
lymphocytes could be engineered as carriers of
topoisomerase-1 SN-38 that were effectively
transported to the cancer site.16 Topoisomerase-1
SN-38 is a systemic chemotherapy, which is
an active form of camptothecin derivative of
Irinotecan. This drug has poor pharmacokinetics.
To increase its biodistribution and effectiveness,
researchers engineered polyclonal autologous T
lymphocytes as carriers of topoisomerase 1 SN-38
in the form of controlled release lipid nanocapsules
(NCs), namely SN-38 NC-T cells. As lymphocytes
migrate throughout the tissue to look for antigens,
polyclonal T cells, which express lymph node
receptors but do not specifically recognize tumor
cell antigens, can be used as an effective agent to
deliver chemotherapy drugs for lymphoma. SN-
38 NC-T cells were tested on Burkitt’s lymphoma
animal model, and their effectiveness and toxicity
were observed. The results showed that SN-38



RUSDI & PAWITAN, Biomed. & Pharmacol. J, Vol. 12(3), 1587-1593 (2019)

NC-T cell therapy significantly increased the
efficacy of SN-38 without increasing the drug side
effects. '

The application of T cell immunotherapy
was also developed by Valton, et al.,'” where
engineering was performed to prevent host versus
graft alloreactivity in the administration of chimeric
antigen receptor (CAR) T cell therapy. CAR T-cell
therapy was obtained by taking T cells’patients
with leukapheresis procedures.'® T cells taken were
then engineered in the laboratory. The engineered
T cell receptors could recognize specific antigens
in cancer cells, which would destroy cancer cells
specifically. This modified T cell was called CAR
T-cell. T cells that had been modified were then
reinfused into the patient’s body."

Giving infusion of CAR T-cell might
cause alloreactivity in patients. To prevent this
reaction, Valton, et al.,'” engineered T cells by
inactivating TCR4a4 and purine nucleotide analogs
on the surface of T cells to prevent alloreactivity
and to prevent damage of lymphocytes through
host versus graft (HvG) reactions. T-cell
engineering includes lentiviral transduction
for CAR expression followed by inactivation
“TCRaa within CAR-T cell genome”, through
inactivation of deoxycytidine kinase (dCK), and
coelectroporation with mRNA that coded TCR a
constant region (TRAC) transcription activator-like
effector nuclease (TALEN). DCK is responsible
for TCRaa expression and toxicity of purine
nucleotide analogs (PNA), which can damage the
immune system. PNA becomes toxic after being
metabolized by dCK. Therefore dCK inactivation
prevents PNA metabolism and toxicity, thus protect
the immune system. Inactivation of dCK was done
by designing TALEN that targeted the second exon
of dCK gene, and TALEN mRNA was used to
electroporate primary T cells. This approach was
reported to be efficient in inactivating the TCRa
gene and preventing the expression of TCRaa."”
Immune Checkpoint Blockade Therapy

Included in the immune checkpoint are
cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), programmed cell death protein 1/PD
ligand 1 (PD-1/PDL-1), Human B7-H3 (CD276)
and Lymphocyte-activation gene-3 (LAG-3,
CD223).20 Immune checkpoint inhibitors that
focus on CTLA-4 and PD-1 have been shown to
have a potential of immunomodulators through
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their function as negative activators of T cells.5,
21,22 CTLA-4 plays an important role in reducing
activation of memory T cells and naive T cells. In
contrast, PD-1 is mainly involved in modulating
T cell activity in peripheral tissues through its
interaction with PD-L1 and PD-L2.5

The discovery of a negative regulator
of this immune response is very important in the
development of immune checkpoint inhibitors.
This shifts the focus of research from developing
therapies that target immune system activation
against cancer to immune checkpoint inhibitors,
which aim to mediate the destruction of tumor cells
through coinhibitory signal removal that blocks
antitumor T cell responses.™

One of the applications of immune
checkpoint blocking therapy was the study by
Zhang et al., 24 who performed genetic engineering
of platelets from megakaryocyte (MK) progenitor
cells to express PD-1 protein. This study aimed
to prevent postoperative tumor recurrence.*
Genetically engineered platelets of MK cells
that express PD-1/ PD-1 platelets and derivative
microparticles accumulated in post-tumor surgery
wounds, and restore CD8 + T cell state to lyse
residual tumor cells. Furthermore, low-dose
cyclophosphamide (CP) was inserted into PD-1
expression platelets to destroy regulatory T cells
(Treg), as well as to increase CD8 + lymphocyte
cells that were active, to directly prevent tumor
recurrence. **

PD-1 expression platelets were produced
from the L8057 cell line labeled with NHS-Cy5.5
in PBS. This labeled platelets were then infused
into mice with 10% residual melanoma tumors
after tumor removal. The study used 42 mice
that were divided into 6 treatment groups, which
were given IV PBS, free platelets, PD-1 platelets,
cyclophosphamide, cyclophosphamide-loaded
free platelets, or cyclophosphamide-loaded PD-1-
expressing platelets. Tumor burden was monitored
using bioluminescence. The parameters observed
were the frequency of Treg (CD4 + Treg), CD8 +
TIL, PD-L1, GzmB expression, and Ki67.

The results showed that the utilization
of cyclophosphamide-loaded PD-1 expression
platelets effectively disrupted PD-L1 immune
blocking and reduced Treg, and significantly
increased the frequency of CD8 + TIL in tumors,
thereby reducing the rate of postremoval tumor



1590

recurrence. In addition, PD-1 expression platelets
promoted the emergence of CD8 +, Ki67, and
GzmB lymphocytes in the postremoval tumor
microenvironment. **

Flow cytometry in monitoring cancer
immunotherapy

The discovery of successful
immunotherapy in cancer requires specific and
sensitive tools to assess patient therapeutic
outcomes and makes it possible to monitor
immune response, tumor growth, and spread of
tumors during and after therapy.3 Immune system
monitoring becomes increasingly relevant to
measure the effects of treatment on T lymphocytes
and to explain the mechanism of successful
treatment.

Flow cytometry (FCM) is a multi-
parameter test for the characterization of single
cells, and has been widely used in pre-clinical
and clinical cancer immunotherapy studies.?
FCM is a technique of measuring the number
and characteristics of single cells that are flowing
through a detector system, using a fluorochrome-
labeled monoclonal antibody. Commonly used
fluorochromes are fluorescein isothiocyanate
(FITC), phycoerythrin (PE), peridin-chlorophyll
alpha complex (PerCP), allophycocyanin (APC),
and propidium iodide (PI). *

The FCM application in monitoring
cancer immune systems includes intracellular
staining for effector cytokines, cytotoxicity
evaluation, measurement of proliferation and
evaluation of cells that regulate the immune
system including regulatory T cells (T reg).” FCM
allows quantization of several parameters in many
individual cells that combines various phenotypic
and functional markers and has the potential to
provide information about immune responses in
cancer patients.'*?

In FCM where the sample sources might
come from peripheral blood, bone marrow, body
fluids, urine, spleen cells or tissue, or cultured
cell line, the cells should be process into cell
suspension. The cell suspension is mixed with
fluorochrome labeled antibodies, and injected
into a fluidic system, where the flow pushes the
cells to pass through a central channel to line up
as single cells as they approach the laser. Lasers as
light sources will excite the cells in the stream and
optical filters direct the resulting light signals to the
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appropriate detectors. The detector that detects the
light scatter in forward direction show the forward
scatter (FSC) as the X-axis, and the detector that
detects deflected light scatter show the side scatter
(SSC) as the Y-axis. FSC correlates with cell size,
while the SSC is related to the complexity of the
cells, such as nucleus size, types and complexity
of cytoplasmic granules. %

Interpretation of FCM results in the form
of cell quantification and cell characteristics. The
Scatter plot is a visualization of characteristics
that is commonly used in FCM results. X-axis is
as FCS and Y axis is as SSC. The X and Y axes
can also be based on fluorochromes and surface
markers on cells, for example: FITC-CD3 (CD3
surface markers labelled by FITC fluorochrome).
Fluorochrome on the X and Y axes must be
different. The results are translated into electronic
signals and graphical displays. The signals are
converted into digital numbers and shown on a
histogram, 2-D or 3-D plot.

In a 2D plot, if the cell plot is in the upper
right quadrant, then the cell is positive for marker
1 and marker 2, whereas if it is in the lower left
quadrant, then the cell is negative for both markers.
If the plot is in the lower right quadrant, the cell
is positive for marker 1, and if the cell plot is in
the upper left, the cell is positive for marker 2
(Figure 1).

The results of the FCM examination of cell
quantification is in the form of a cell percentage,
while to get an absolute number should be done by
counting cells in a hemacytometer. FCM requires a
lot of fluorochrome-labeled antibodies (according
to parameters), which is a disadvantage. However
it has some advantages, i.e.: (a) FCM has a high
level of efficiency and sensitivity, and can obtain
information simultaneously about various cellular
processes, including expression of cell surface
markers, intracellular cytokines, protein signals,
and cell cycles, (b) the process is fast and enable
quantitative measurements of many parameters
simultaneously, (c¢) High specificity (can detect
cells that are small in number) and (d) isolation of
cells with high cell purity."

In conclusion, engineering of T
lymphocytes for cancer immunotherapy and
immune checkpoint blockade can be combined
with nanoparticles as a drug delivery carrier to
increase drug distribution to tumor cells and reduce
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autoimmunity. In addition, T cell engineering
was proven in preventing Host versus Graft
alloreactivity in the administration of CAR T cells.
FCM is a monitoring method widely used in cancer
immunology in pre-clinical and clinical cancer
immunotherapy studies.
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