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ABSTRACT OF THE THESIS 

 

Adoptive T-Cell Therapy as a Therapeutic Strategy for Advanced Colorectal Cancer  
 

by 

Damie Joaquin Juat 

Master of Biomedical and Translational Science 

University of California, Irvine, 2020 

Dr. Jason A. Zell, Chair 

 

 

Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in the US. The 

combination of noncurative treatments and severe comorbidities are significant 

contributors to this high mortality rate.  In recent years, the use of adoptive T-cell therapy 

(ACT), leveraging the body’s own immune system to recognize and target cancer has become 

increasingly popular. Unfortunately, while ACT has been successful in the treatment of 

hematological malignancies, it is less efficacious in CRC due to tumor heterogeneity and the 

lack of targetable antigens.  In response to the need for improved treatment options with 

greater specificity and efficacy, the purpose of this thesis is to systematically review the 

efficacy and safety of adoptive T-cell therapy in CRC and to optimize ACT methods to increase 

potency towards CRC tumors in vitro.  
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INTRODUCTION 
 

Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in the US, and 

the third most commonly diagnosed type of cancer in both men and women [5, 6]. This high 

incidence rate is likely due to increasing poor dietary and lifestyle habits, as well as general 

population aging [11]. There are several stages of CRC ranging from stage I, smaller tumors 

that are less invasive, to stage IV where the cancer has spread through all the layers of the 

intestine and has begun to travel to distant organs such as the lungs or liver [12]. 

 

For localized stage I CRC, treatment involves surgery alone and surveillance monitoring with 

excellent outcomes. However, due in part to lack of adherence to proper screening (only 50-

60% of eligible people undergo standard CRC screening), most CRC patients present with 

regional (stage II-III) or advanced (stage IV) disease.  Standard treatment for regional stage 

colon cancer consists of surgical resection followed by chemotherapy such as FOLFOX 

(Leucovorin, 5-Fluorouracil, Oxaliplatin). Rectal cancer is treated with pre-operative 

concurrent chemoradiation, surgery, and adjuvant chemotherapy. Advanced CRC (stage IV) 

is treated in the first line setting with a combination of chemotherapy plus a biologic agent 

(e.g. VEGF-inhibitor or EGFR-inhibitor in RAS-wild type patients) [20]. This standard-of-care 

chemotherapy and biologic regimen yields high disease control rates and improved disease-

free survival; however, the treatments are not curative, nor are they patient tumor-specific. 

As might be expected these treatments are associated with substantial toxicity (including 

fatigue, anemia, leukopenia, thrombocytopenia, hepatotoxicity, neurotoxicity, and hand-foot 

syndrome) [6, 21]. In addition, many patients with CRC are diagnosed with severe 
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comorbidities including congestive heart failure, diabetes, and chronic obstructive 

pulmonary disease [22]. Given that the 5-year survival rate for stage IV CRC patients is only 

12% [23], it is essential to identify new approaches for treatments that are tolerable, and 

still able to control disease progression, resulting in improved overall CRC patient survival.   

 

Immunotherapy and Adoptive T-Cell Therapy 

Cancer immunotherapy works by enhancing the patient’s immune system against the tumor. 

The use of immune checkpoint inhibitors, a type of immunotherapy, has resulted in practice- 

changing results for the field of Oncology and led to a Nobel Prize in Physiology or Medicine 

jointly to James P. Allison and Tasuku Honjo in 2018. Checkpoint inhibitor drugs work by 

blocking the tumor-specific immunosuppression that often develops in patients, thereby 

“releasing” their immune system to attack the tumor. In advanced CRC, clinical benefits of 

immune checkpoint therapy are currently limited to the small proportion of advanced 

patients (approximately 5%) with Microsatellite Instability-High (MSI-H) [24, 25]. MSI-H 

CRC is associated with both high rates of tumor mutation, and tumor-infiltrating 

lymphocytes (TILs), which explains the efficacy of immune checkpoint inhibitor therapy in 

MSI-H CRC.  Currently these promising immune checkpoint inhibitor agents are ineffective 

and therefore not used in 95% of metastatic CRC patients outside of the clinical trial setting. 

While several approaches are being studied in immunotherapy, this thesis focuses on the 

potential therapeutic effectiveness of adoptive T-cell therapy.   

 

Adoptive T-cell therapy (ACT) is another type of immunotherapy that uses patient-derived 

T cells expanded ex vivo to be reinfused into patients [26]. ACT has the potential to improve 
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or replace current treatments and has been shown to have an 88% complete response rate 

in a subset of patients with hematological illnesses [27] However, few CRC patients benefit 

from immunotherapy due to differences in physiological and pathological responses 

including tumor immune evasion and tumor heterogeneity [28]. While several approaches 

are being studied in immunotherapy, this thesis focuses on the potential therapeutic 

effectiveness of adoptive T-cell therapy. In the first part I review the current literature in this 

area, while in the second I present preliminary basic experimental studies on the 

development of methods to increase tumor immunogenicity. 

 

In general, adoptive cell therapy or cellular immunotherapy uses cells from the human 

immune system to eliminate cancer. T cells exist as a part of the body’s adaptive immune 

system and consist mainly of CD4+ and CD8+ T cells. CD4+ T cells (helper T lymphocytes) 

function in a supporting role to the immune response by activating and recruiting other cells 

to the infected site. CD8+ cytotoxic T lymphocytes (CTLs) are activated in response to tumor 

cell antigens presented by major histocompatibility complex (MHC) Class I molecules, 

thereby inducing target cell apoptosis via perforin-mediated or FasL-mediated killing  [29, 

30]. T cells can also be described by expressing either an αβ or γδ T-cell receptor 

heterodimer. Most T cells are from the αβ T cell lineage (95%) which recognize antigens 

presented by MHC molecules on antigen-presenting cells (APC). T cells expressing γδ 

receptors can directly recognize antigen in the absence of presentation by MHC molecules or 

specialized APC [31].  
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T cells used in ACT can be derived in several ways. First, tumor-infiltrating lymphocytes 

(TILs) are collected from surgically resected tumors and, as such, are naturally targeted to 

the tumor. After collection, TILs can be re-activated, expanded, and re-infused into the 

patient. Alternatively, T cells can be collected from peripheral blood and genetically modified 

to display activity against tumor cells. In T-cell receptor therapy (TCR), T cells are equipped 

with a new T-cell receptor that targets a specific tumor antigen after presentation by an MHC 

molecule [32]. For CRC patients, carcinoembryonic antigen (CEA) is a common target antigen 

because it is frequently upregulated in CRC [33].  

 

Another type of genetically modified T cell is the chimeric antigen receptor T-cell or CAR-T 

cell. CAR-T cells are valuable because they can bypass the MHC system and directly target 

the antigen of interest [34]. However, this recognition is limited to surface-expressed 

antigens. A study in 2019 showed that while CAR-T cell therapy has shown great success in 

hematologic diseases such as leukemia or lymphoma, it has unfortunately elicited a response 

rate of only 9% in solid tumors, and even less in CRC patients [35]. This poor therapeutic 

response is due to the lack of a target antigen that is both uniformly and strongly expressed 

on CRC tumors. Finally, cytokine-induced killer (CIK) cells are a type of cytotoxic T cell that 

can also overcome MHC restriction [36].  Although they have both the characteristics of T 

cells and NK cells, CIKs are treated as a type of T cell in this thesis.  

 

Targeting Neoantigens for ACT 

Neoantigens are a group of tumor-specific proteins that have recently become an important 

target for cancer immunotherapy. Unlike CEA or other tumor-associated antigens (TAAs), 
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neoantigens are both unique to individual tumors and lack expression in normal tissues [37]. 

In addition, neoantigens have been found to have a higher MHC affinity which increases their 

ability to elicit an immune response. Therapeutic targeting of neoantigens can occur by 

administering a cancer vaccine, which is a method of injecting either whole cancer cells, parts 

of a cancer cell or pure antigens into the patient. With the use of tumor lysate created from 

whole cancer cells, a neoantigen vaccine could potentially incorporate the entire range of 

tumor neoantigens and bypass direct antigen identification [38]. In theory, this vaccine 

would stimulate the immune system to eliminate all malignant tumors and avoiding non-

specific killing. Unfortunately, the use of neoantigen vaccines as a monotherapy has shown 

only partial elimination of tumors. This is due to the variability and rate of somatic mutations 

within the tumor and between cancer types. Despite the limitations of this approach, 

neoantigens could potentially be used in ACT to increase efficacy in CRC patients.    

 

Studying Adoptive T-Cell Therapy In-Vitro 

The productivity of research and development in its early stages is one of the most important 

challenges facing the drug industry today [39]. In fact, most of the cost for creating new 

treatments depends on the accuracy and efficiency of R&D – putting ultimately unsuccessful 

drugs through clinical trials is extremely costly. 2D monolayer cultures have helped 

researchers understand the basics of cell function, morphology and protein production since 

the early 1900s [40] . While monolayer cultures are highly reproducible and can be easily 

interpreted, they fail to mimic the natural environment of cells and the cell to cell 

interactions found in vivo. 3D spheroid models are a step above monolayer cultures in that 

they can mimic both the heterogeneity and behavior of actual tumors. However, some cancer 
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cells are unable to form spheroids and they can also be tedious to culture and difficult to 

replicate [41].  Lastly, mice have been widely used in research as in vivo models for 

histological and genetic studies. Despite our similarities in genome, humans and mice have 

evolved in very dissimilar environments and are vastly different in size and lifespan [42]. 

These differences can make it difficult to directly translate in vivo mouse studies into clinical 

trials. In short, monolayer, spheroid and mouse models cannot predict precisely how 

efficacious drugs, or in this case adoptive T-cell therapy, will be in a clinical trial.  

 

 

Figure 2.1 CRC grows in a VMT model with perfusable vasculature 

(A) A schematic of one device unit with a single tissue chamber. Each device contains one medium inlet and outlet (M1-2) for cell 

feeding with microfluidic resistors to regulate flow. There are 2 loading ports (L1-2) for the injection of cells and matrix (B) 

Fluorescently labeled VMT on day 4 of culture with CRC tumors shown in green and vessels in red. Flow is from top left (putative 

artery), through the living capillary network and out the bottom right (putative vein.) (C) Magnified view of vasculature perfused 

with blue dextran. (D) Magnified view of CRC tumors which are fed via microvessels. 

 

One of the main reasons for adoptive T-cell therapy failure in solid tumors is the lack of 

targetable antigens [43].  In addition, the combination of hypoxia and low nutrients 

contribute to an immunosuppressive tumor microenvironment that makes it difficult for 

immune cells to access the tumor and proliferate. The lack of a study model that can 
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accurately depict this harsh tumor environment contributes to the difficulty in identifying 

targetable antigens.  

 

Furthermore, the importance of vasculature is often overlooked when studying solid tumors 

in vitro. Tumor vasculature is important for supporting tumor growth and is also the 

pathway for most therapeutics, including immunotherapies. To overcome the limitations of 

current models, the Hughes Lab has created and validated a Vascularized MicroTumor 

(VMT) model that mimics the human tumor microenvironment (Figure 2.1) [44]. The VMT is 

composed of two outer channels that represent the high-pressure arteriole and low-

pressure venule (Figure 2.1, A). These channels are connected by a tissue chamber that is 

injected with a mixture of endothelial cells (EC), tumor cells, and stromal cells all in a pre-

polymerized extracellular matrix. ECs and tumor cells are transduced with fluorescent 

protein-encoding lentivirus for easy visualization of cell migration (Figure 2.1, B). The gel 

sets in a few minutes, and after 4-5 days, the EC form into a complex vascular network and 

migrate to anastomose with the outer channels. With the VMT, tumors can grow in 3D 

surrounded by stromal cells, and the perfusable vasculature that allows for a steady supply 

of nutrients (Figure 2.1, C, D) [45].  

 

The VMT can also support various tumor types that otherwise might not be able to form 

tumor spheroids. This high throughput device allows for reliable testing of drugs and 

therapeutics which can be applied to ACT. The VMT could potentially decrease the length of 

time a new therapy spends in the first few stages of research and development.  
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Study Aims 

While several studies have been published testing ACT, an overall summary of ACT in 

patients with CRC is lacking. This thesis is comprised of two aims; aim 1 is a systematic 

review of published ACT clinical trials while aim 2 looks at ACT in the 3D vascularized tumor 

model. The first aim looks at several primary clinical outcomes including overall survival, 

progression-free survival, and treatment response rates to describe the efficacy and safety 

of ACT in CRC patients. The second aim of this thesis creates tumor-associated 

antigens/neoantigen-activated peripheral blood lymphocytes (PBLs) and assesses the 

interaction of PBLs with tumor cells in the VMT.  
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METHODS 

 

AIM 1 

Search strategy 

The objective of this review is to assess the efficacy and safety of adoptive T-cell therapy in 

advanced (Stage III or IV) colorectal cancer patients. The search was limited to studies 

published after 2010 with an English language restriction. The start date of 2010 was 

identified because of the publication of the 7th American Joint Committee on Cancer (AJCC) 

Staging Manual [12].  

 

The Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 

guidelines were used to conduct and report this systematic review [46]. A search was 

conducted of Cochrane Library, Web of Science, SCOPUS, and Medline PubMed using the 

following search terms: colon cancer, colorectal neoplasm, colonic neoplasm, 

immunotherapy, adoptive cellular immunotherapy. Following the search, all identified 

citations were collated and uploaded into EndNote X9 2019 and duplicates 

removed. References of the included studies were also manually searched for other eligible 

studies. 

 
Eligibility 
 
Studies meeting the following inclusion criteria were included in the review: 1) Randomized 

controlled trials, quasi-experimental studies, cohort studies, case series, and case reports; 2) 

the study participants were 18 years of age or older with histologically‐confirmed, stage III 
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and IV metastatic colorectal cancer (CRC) defined by the 7th American Joint Committee on 

Cancer (AJCC) Staging Manual; and, 3) the study participants had previously received first-

line treatment for advanced CRC including surgery, chemotherapy and radiotherapy. There 

were no limitations related to the length of the intervention and study duration, which 

maximized the studies eligible for review. 

 
Interventions 
 

• Adoptive T-cell therapy in combination with chemotherapy versus supportive care, 

no treatment, or placebo 

• Adoptive T-cell therapy in combination with chemotherapy versus chemotherapy 

alone 

• Adoptive T-cell therapy in combination with chemotherapy  

 

Outcome Measures 

Primary: 

• Overall survival (OS): the interval between the date of starting adoptive T-cell 

therapy and the date of death from any cause, OS time frame determined by each 

study follow‐up 

• Progression‐free survival (PFS): according to the universally accepted WHO or 

Response Evaluation Criteria in Solid Tumors (RECIST) guidelines 

• Objective Response Rate (ORR): according to the FDA and RECIST guidelines, the 

proportion of patients who have a partial or complete response to therapy 
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• Disease Control Rate (DCR): according to the FDA and RECIST guidelines, the 

proportion of patients who have a partial or complete response to therapy including 

those with stable disease 

Secondary: 

• Survival rates: proportion of participants in a study who were still alive at three 

months, six months, one year and two years 

• PFS rates: proportion of participants in a study who did not have disease progression 

at three months, six months, one year and two years 

Treatment‐related adverse events: defined by World Health Organization (WHO), 

Eastern Clinical Oncology Group (ECOG), National Cancer Information Center-

Common Toxicity Criteria (NCIC-CTC), and Common Terminology Criteria for 

Adverse Events (CTCAE) 
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METHODS 

 

AIM 2 

Optimizing Antigen Presenting Cell (APC) differentiation  

PBMCs were isolated from peripheral blood collected from healthy donors at the UC 

Irvine Institute for Clinical and Translational Science (ICTS) using established protocols. In 

addition, commercially purchased PBMCs from Lonza Bioscience (Walkersville, MD) were 

used when fresh peripheral blood was unavailable. From the PBMCs, monocytes and non-

adherent (T cells, B cells, other lymphocytes) cell populations were plated into RPMI 1640 

medium and separated using plastic adherence [47]. The peripheral blood lymphocytes 

(PBLs) were washed off the adherent monocytes and plated onto a 12-well plate for clonal 

expansion. For differentiation into mature dendritic cells, the remaining adherent monocytes 

were then resuspended at 1x106cells/mL and seeded onto a 24-well plate.  

 

 

Figure 2.2 Process of DC Differentiation 

 

Monocytes were grown in Mo-DC Differentiation Medium (Miltenyi Biotec, San Diego, CA) 

containing IL-4 and GM-CSF for 6 days to form immature dendritic cells (DC). Immature DCs 

https://www.google.com/search?rlz=1C1CHBF_enUS867US867&sxsrf=ALeKk03JgW7t2NvxdtDOVpZZE-swardSzA:1596836863948&q=Bergisch+Gladbach&stick=H4sIAAAAAAAAAOPgE-LSz9U3KMhNs6gsUuIEsQ2r8kwytDQyyq30k_NzclKTSzLz8_Tzi9IT8zKrEkGcYqv0xKKizGKgcEbhIlZBp9Si9Mzi5AwF95zElKTE5IwdrIwA1BEGuloAAAA&sa=X&ved=2ahUKEwiBtqjwiIrrAhUsgK0KHU-ZCqgQmxMoATAQegQIChAD
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were then grown in RPMI-1640, 10% fetal bovine serum, 2mM L-glutamine and 6000 IU/mL 

TNF-alpha to complete the maturation process (Figure 2.1). Differentiation at each step was 

confirmed by FACs analysis using antibodies to CD14 (monocytes), CD209 (immature DCs), 

and CD86 (mature DCs). 

 

Peripheral Blood Lymphocyte Expansion 

PBLs were plated at a density of 2x106 cells/mL and expanded in parallel to the DC 

differentiation using TexMACS medium, 20 IU/mL IL-2, and 1:100 T cell TransAct (Miltenyi 

Biotec, San Diego, CA). PBLs were split every 3 days or earlier depending on the cell doubling 

time.  

 

Tumor Associated Neoantigen Accumulation  

Commercially available CRC tumor cells, SW480 from ATCC (Manassas, VA), were cultured 

in specialized cancer stem cell medium and pre-treated with amino acids and growth factors 

to increase neoantigen expression or left untreated (control)[48]. The tumor cells were then 

rendered non-viable by exposure to 60 GY gamma irradiation and lysed via repeated freeze-

thaw cycles to create the final tumor lysate.  

 

Antigen Loading 

On day 6 post-isolation, the immature DCs were cocultured with tumor lysate at a ratio of 

1:1 and 1:2 (cell number: original cell number) for both the pre-treated and non-treated 

conditions for 24 hours. This allowed the DCs to uptake tumor-associated antigens (TAAs) 

and/or neoantigens before finalizing maturation and helped identify the ideal concentration 

https://www.google.com/search?rlz=1C1CHBF_enUS867US867&sxsrf=ALeKk03JgW7t2NvxdtDOVpZZE-swardSzA:1596836863948&q=Bergisch+Gladbach&stick=H4sIAAAAAAAAAOPgE-LSz9U3KMhNs6gsUuIEsQ2r8kwytDQyyq30k_NzclKTSzLz8_Tzi9IT8zKrEkGcYqv0xKKizGKgcEbhIlZBp9Si9Mzi5AwF95zElKTE5IwdrIwA1BEGuloAAAA&sa=X&ved=2ahUKEwiBtqjwiIrrAhUsgK0KHU-ZCqgQmxMoATAQegQIChAD
https://www.google.com/search?rlz=1C1CHBF_enUS867US867&sxsrf=ALeKk03LY2uvhq59EqRfyOuX4sLRl0U4SQ:1596836653966&q=Manassas,+Virginia&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC-MNytU4gAxc_OyTLQ0Msqt9JPzc3JSk0sy8_P084vSE_MyqxJBnGKr9MSiosxioHBG4SJWId_EvMTi4sRiHYWwzKL0zLzMxB2sjAB19MdrWQAAAA&sa=X&ved=2ahUKEwj3jJiMiIrrAhVKKawKHYvBDhIQmxMoATAeegQIERAD
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for antigen uptake. On day 7, DCs were counted and resuspended in maturation media at a 

concentration of 1 x 106 cells/mL. On day 10, non-adherent peripheral blood lymphocytes 

were cocultured at 20:1 with matured DCs for 4 days (TexMACS supplemented with 20 

IU/mL IL-2).  

 

Naïve PBL Perfusion into the Vascularized Microtumor Device (VMT) 

A mixture of endothelial, stromal, and SW480 cells were loaded into the VMT on day 0. To 

identify baseline extravasation and migration over time, on day 5 post-loading, after the 

formation of vascular networks and microtumors, naïve PBLs were resuspended at a 

volume of 1x106 cells/mL and perfused into the VMT. The VMT was monitored and 

pictures were taken at day 6 (24 hours) and day 7 (48 hours). 
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RESULTS 

 

AIM 1 

Study Selection 

The electronic database searches identified 15 studies for inclusion (Fig 1.1). Initial search 

of the Cochrane Library, PubMed, Scopus, and Web of Science yielded 411 studies. After the 

removal of duplicates (46) and screening for unrelated articles (341), 24 full-text articles 

were assessed. The final 15 articles were selected for inclusion in this review following the 

exclusion of 9 articles (ex. incorrect immunotherapy type, non-clinical/pre-clinical trials, 

outcomes not included in results, did not separate outcome data by cancer stage). 

 
Figure 1.1 PRISMA Flow diagram 
15 studies were included in this review. 
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A total of 15 adoptive T-cell therapy clinical trials were analyzed and 8 of the 15 trials were 

formally registered on ClinicalTrials.gov and UMIN Clinical Trial Registry (Table 1.1). The 

 

# Phase 
Publication 

Year [*] 
Country Institution 

Trial 
Registration 

Cell Type 
Number of 

Participants 

Adverse 
Outcomes 
Reported 

1 I 2013[1] Japan 
University of 

Tokyo Hospital 
UMIN000000854 γδ T-cell 6 No 

2 Ib/II 2018[2] China 
Chinese PLA 

General Hospital 
NCT01799083 CIK 4 Yesb 

3 Ib 2010[3] Sweden 
Karolinska 
University 
Hospital 

- TIL 11 Yes 

4 I 2015[4] USA 
Roger Williams 
Medical Center 

NCT01373047 TIL 5 Yes 

5 I/II 2010[7] USA 
National 

Institutes of 
Health 

NCI-09-C-0041 
Anti 

ERBB-2 
CAR-T 

1 Yes 

6 I 2011[8] Australia 
University of 
Queensland 

- γδ T cells 3 Yes 

7 I 2011[9] USA 
National 

Institutes of 
Health 

NCT00923806 
Anti-CEA 

TCR 
3 Yes 

8 I 2019[10] China 
Capital Medical 

University 
Cancer Center 

NCT03757858 CIK 7 Yesb 

9 I 2018[13] China 
Chinese PLA 

General Hospital 
NCT02541370 

Anti- 
CD133 
CAR-T 

2 Yes 

10 - 2016[14] Japan 

Fukuoka 
University 
Faculty of 
Medicine 

- αβ T-cell 15 Yes 

11 I 2017[15] Japan 

Fukuoka 
University 
Faculty of 
Medicine 

UMIN000010908 αβ T-cell 6 Yes 

12 I 2017[16] China 
Third Military 

Medical 
University 

NCT02349724 
Anti-CEA 

CAR-T 
10 Yes 

13 - 2015[17] China 

Guangdong 
Provincial 
Hospital of 

Chinese 
Medicine 

- CIK 5 Yes 

14 I/II 2015[18] China 

The Affiliated 
Hospital of 

Guiyang Medical 
College 

- TIL 9 Yesc 

15 - 2013[19] China 

Guangdong 
Provincial 
Hospital of 

Chinese 
Medicine 

- CIK 21 Yesc 

 
a This article did not differentiate by stage in the outcomes, not included in qualitative analysis 
b Data not shown because article did not differentiate by cancer type 
c Data not shown because article did not differentiate by cancer stage 

*Citation number 

 

Table 1.1 Overview of Included Adoptive T-Cell Therapy Trials 
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types of adoptive T-cell therapies included were TIL (n=3), CAR-T (n=3), CIK (n=4), αβ T cell 

(n=2), γδ T cell (n=2) and TCR (n=1) therapy. The average number of participants was 7, 

with a range from 1 to 21. All studies included were non-randomized studies and consisted 

of phase I (n=8), phase Ib  (n=1), phase Ib/II (1), phase I/II (n=2) and retrospective trials 

(n=3). Most of the included studies were based in China (n=7) and the remaining in Japan 

(n=3), USA (n=3), Sweden (n=1) and Australia (n=1).  

 

Patient Characteristics 

A total of 108 patients were enrolled across all trials 

(Table 1.2). Age data were available for 80 out of 108 

patients and the median age was 62. The age range of 

the patients was 33 to 82 years. Most patients included 

were diagnosed with stage IV colorectal cancer (73%) 

and the remaining patients were diagnosed with stage 

III (15%), stage I/II (5%) or not specified within the 

article (7%). Regarding tumor site, the colon was the 

most common site, accounting for 68% of patients 

followed by the rectum for 24% of patients. Several 

metastatic locations were prevalent among enrolled 

patients with the liver being most common (33%). 

Adoptive T-cell therapy was used as a 2nd line treatment 

or above in 72% of patients and the patients that did 

not yet receive first line treatment (28%) were given 

              Table 1.2 Patient Characteristics 

Characteristics n (%) 

Total Patients 108 

Gender  

Male 47 (44) 

Female 54 (50) 

Not specified 7 (5) 

Age, median (range) a 62 (33-82) 

Not specified 28 (26) 

AJCC Stage  

I/IIb 5 (5) 

III 16 (15) 

IV 79 (73) 

Not Specified 8 (7) 

Tumor Site  

Colon 73 (68) 

Rectum 26 (24) 

Not Specified 9 (7) 

Location of Metastases c  

Liver 36 (33) 

Lungs 26 (24) 

Bone 4 (4) 

Lymph Nodes 19 (18) 

Spleen 1 (1) 

Not Specified 46 (43) 

Previous Lines of Treatment  

None 30 (28) 

1 or more 69 (64) 

2 or more 9 (8) 
                          a Data available for 80 patients 
                          b Some articles did not separate data by AJCC                                 

                 stage, some stage I/II data included 
                          c Some patients had multiple sites of metastasis 
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chemotherapy during the trial. Chemotherapy regimens varied across all patients; however, 

most were prescribed FOLFOX/XELOX (Table 1.3). 

 

Treatment Response 

Out of eleven articles that presented treatment response data, most patients were recorded 

to have stable disease according to RECIST guidelines with disease control rates ranging 

from 17% to 100% (Table 1.4). Two of these trials recorded high objective response rates, 

80% and 83% using αβ T cell therapy. Both trials used a dose of 5×109 αβT lymphocytes 

cultured ex vivo on day 17 or 18 and once every 3 weeks afterwards for 4.5 months. These 

studies were also published by the same author. Two additional articles reported patients 

with complete response to ACT using TIL and CIK therapy. Lastly, 5 out of 11 articles 

recorded patients with disease progression. Two articles recorded low DCR rates of 0% and 

Table 1.3 Chemotherapy Regimens 

Chemotherapy Previous, n (%) Concurrent, n (%) 

None 21 (19) 32 (30) 

FOLFOX/XELOX 35 (32) 23 (21) 

FOLFIRI 11 (10) 3 (3) 

5-FU 3 (3) 15 (14) 

Tegafur-Uracil/S-1 4 (4) - 

Irinotecan - 2 (2) 

Cyclophosphamide - 13 (12) 

Fludarabine - 11 (10) 

Cisplatin - 1 (1) 

Etoposide - 1 (1) 

Paclitaxel - 2 (2) 

Capecitabine 1 (1) - 

N-Pa 1 (1) - 

Not specified 68 (63) 14 (13) 

 
Note: Some patients had multiple chemotherapy regimens 
a Vinorelbine and cisplatin 

 



 

19 
 

33% using γδ T cells and TCR, respectively. In the article with a DCR rate of 0%, the average 

dose per infusion was 1.7x109 γδ T cells.  

PFS and OS 
 

Out of seven articles that presented progression-free survival data, the median PFS ranged 

between 5.5 and 17.5 months (Table 1.5). The 1-year PFS rate ranged between 25% and 

89.5%. Overall survival was recorded in 5 articles and the median ranged between 4.5 and 

16.5 months (Table 1.6). The 1-year OS rate ranged between 20% to 100%. One patient from 

a case report had an overall survival of 0.16 months due to a stage 5 severe adverse event in 

response to CAR-T infusion. 

 

 

            Table 1.4 Treatment Response (RECIST) 

 n     

Ref. # CR PR SD PD ORR, % DCR, % Censored, n Total Patients, n 

1 - - - - - - - - 

2 0 0 4 0 0 100 0 4 

3 4 1 5 0 46 91 1 11 

4 0 0 1 4 0 17 1 6 

5 - - - - - - - - 

6 0 0 0 3 0 0 0 3 

7 0 1 0 2 33 33 0 3 

8 2 1 2 1 43 71 0 7 

9 0 0 2 0 0 100 0 2 

10 4 8 3 0 80 100 0 15 

11 2 3 1 0 83 100 0 6 

12 0 0 7 3 0 70 1 10 

13 0 0 5 0 0 100 0 5 

14 - - - - - - - - 

15 - - - - - - - - 

CR = Complete Response, PR = Partial Response, SD = Stable Disease, ORR = Objective Response Rate, DCR = Disease Control Rate 
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 Table 1.5 Progression-Free Survival 

   PFS Rate, n (%)  

Ref. # 
PFS median 

(range) Censored, n 3 months 6 months 1 year 2 years Total Patients, n 

1 6.1 (0.6-35) 1 5 (83) 4 (67) 2 (33) 1 (20) - 

2 6.5 (3-29) 0 3 (75) 2 (50) 1 (25) 1 (25) 4 

3 12 (6-36) 6 4 (80) 4 (80) 2 (40) 1 (20) 11 

4 - - - - - - 6 

5 - - - - - - - 

6 - - - - - - 3 

7 5.5 (5-6) 1 2 (100) - - - 3 

8 - - - - - - 7 

9 - - - - - - 2 

10 17.5 (7.5-28) 5 15 (100) 15 (100) 11 (79) 3 (25) 15 

11 15 (8.3-21.6) 2 6 (100) 6 (100) 4 (67) 2 (33) 6 

12 - - - - - - 10 

13 12 (5-24) 0 5 (100) 4 (80) 2(40) - 5 

14 - - - - - - - 

15 - 1 - - - (89.5) - (59.65) 21 

 
            Note: Includes Disease-Free Survival (DFS) and Recurrence-Free Survival (RFS) 

 

 

 
 
  

 
 

 OS Rate, n (%)  

Ref. # 
 

Overall Survival, median (range) Censored, n 3 months 6 months 1 year 2 years Total, n 

1  - - - - - - - 

2  14.5 (3-19) 0 3 (75) 3 (75) 2 (50) - 4 

3  14 (6-40) 6 5 (100) 3 (60) 2 (40) 1 (20) 11 

4  4.5 (3.3- 23) 1 5 (100) 2 (40) 1 (20) - 6 

5  - - - - - - - 

6  - - - - - - 3 

7  - - - - - - 3 

8  - - - - - - 7 

9  - - - - - - 2 

10  - - - - - - 15 

11  16.6 (13.3-31.7) 3 6 (100) 6 (100) 6 (100) 1 (17) 6 

12  - - - - - - 10 

13  - - - - - - 5 

14  8.5 (5-28) 5 9 (100) 7 (88) 5 (63) 4 (57) - 

15  - - - - - -  

Table 1.6 Overall Survival 
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Serious Adverse Events  
 

Adverse events were well reported across the selected studies except for one. Table 1.7 

summarizes the severe adverse events reported across the included studies. One patient 

who was infused with 1x1010 anti-ERBB2 CAR-T suffered several grade 4 adverse events 

including gastrointestinal bleeding and pulmonary edema. This patient ultimately died from 

cardiac arrest.  Adverse event data not shown from 4 studies because they did not 

differentiate event occurrence between cancer stage or cancer type.  

 

 

 

 

Table 1.7 Serious Adverse Events (SAE) 

 

 
n (%) 

 Grade 3 Grade 4 Grade 5 

Total 14 (28) 1 (2) 1 (2) 

Abdominal pain 2 (4) 0 (0) 0 (0) 

Alkaline Phosphatase 2 (4) 0 (0) 0 (0) 

Anemia 1 (2) 0 (0) 0 (0) 

Anorexia 1 (2) 0 (0) 0 (0) 

AST 1 (2) 0 (0) 0 (0) 

Bilirubin 1 (2) 0 (0) 0 (0) 

Cardiac Arrest 0 (0) 1 (2) 1 (2) 

Colitis 1 (2) 0 (0) 0 (0) 

Diarrhea 3 (6) 0 (0) 0 (0) 

Emesis 3 (6) 0 (0) 0 (0) 

Fatigue 1 (2) 0 (0) 0 (0) 

Fever 3 (6) 0 (0) 0 (0) 

Gastrointestinal bleeding 0 (0) 1 (2) 0 (0) 

Hypertension 2 (4) 0 (0) 0 (0) 

Hypotension 0 (0) 1 (2) 0 (0) 

Leukopenia 1 (2) 0 (0) 0 (0) 

Neutropenia 1 (2) 0 (0) 0 (0) 

Pulmonary Edema 0 (0) 1 (2) 0 (0) 

Subscapular Hematoma 1 (2) 0 (0) 0 (0) 

Tachycardia 1 (2) 0 (0) 0 (0) 

Note: Data out of 10 articles (50 patients) that reported treatment-related adverse events. Percentage will not add up to 100% as some 
patients experienced multiple events.  
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RESULTS 

 

AIM 2 

Monocyte to Mature DC Differentiation 

 
Day 1     Day 6     Day 10 

   

   

 

        

Figure 2.3  Monocytes differentiate into immature DC after 6 days of IL-4 and GM-CSF followed by 4 days of TNFα and 
CD40L. Monocytes were isolated with plastic adherence from two PBMC lots and matched the typical smooth, spherical 
phenotype (A-B).  Scale bar, 100µm. On day 6, the formation of short pseudopodia matched the immature DC phenotype (D-E). 
On day 10, the cells formed longer pseudopodia and a rough outer membrane (G-H). Each cell type was additionally confirmed 
via FACs analysis with the matching isotype controls; Cells on day 1 were CD14+ (C), cells on day 6 were CD209+ (F) and cells 
on day 10 were CD83+ (I).  
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To determine whether monocytes were successfully differentiated into mature DCs, cells 

were stained at multiple steps during differentiation and quantified by flow cytometry. 

Monocytes were confirmed on day 1 with a CD14 antibody, immature DCs on day 6 with a 

CD209 antibody, and mature DCs with CD83 antibody and lack of staining with a CD326 

antibody (Table S1, Figure S1). Both morphology and FACs analysis revealed successful 

differentation of monocytes to mature DCs in two commerical PBMC lots from Lonza 

Bioscience (Walkersville, MD) (Figure 2.2). 

 

Day 1    Day 6    Day 10   Day 14 

     

    
      
Figure 2.4 Peripheral blood lymphocytes become activated in response to CD3/CD28 and IL-2. Non-adherent PBLs 
begin to create cell clusters starting at day 1 (A and E) and continue to clonally expand (B-D and F-H). On day 14, the PBLs 
form large, dense cell clusters (D and H). Scale bar, 100µm.   
        

 

PBL Activation and Expansion  

PBLs were seeded at a density of 2x106 cells/mL and expanded by stimulating with 20 IU/mL 

IL-2 and 1:100 T Cell TransAct (CD3/CD28). After stimulation, PBLs begin to form large cell 
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clusters via clonal expansion on day 1 through day 14. PBL doubling time is faster for lot: 

3030004 vs. lot: 3022988 (Figure 2.3). 

 

 

 
 

 
 
 
 
 

 

Naïve PBL Perfusion in the VMT 

Naïve PBLs were perfused into the VMT to identify extravasation and migration towards 

SW480 at baseline (Figure 2.5). At 24 hours post-perfusion, the PBLs begin to migrate from 

the top outer channel into the vasculature. At 48 hours, the PBLs begin to adhere and 
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Figure 2.5 Naïve PBLs perfuse and extravasate in the VMT 
(A) On day 6 post-loading and 24 hours post-perfusion, PBLs 
(blue) begin to move through the 3D vasculature (red) from the 
outer channel. (B) At 48 hours post-perfusion, PBLs begin 
extravasate into the chamber (arrow).  
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extravasate into the matrix and interact with SW480 microtumors. Additionally, some PBLs 

remain within the vessels and interact with adjacent tumors. 
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Figure 2.6 Naïve PBLs do not associate with SW480 microtumors over time 
The proportions of PBLs across the groups stay constant between 24- and 48-hours post -perfusion. The proportion of tumor-
associated PBLs in both extravasated and adherent populations is significantly lower in comparison to not tumor-associated. 
** p=0.001 
 
 
 

Naïve PBL were counted at 24- and 48-hours post-perfusion and separated into four 

categories: “extravasated”, “adhered”, “extravasated and tumor-associated”, and “adhered 

and tumor-associated”. PBLs outside of the vasculature were counted as “extravasated” 

while those within the vessel wall were counted as “adhered”. PBLs that were touching 

SW480 microtumors in either setting were counted as “tumor-associated”. As expected for 

naïve T cells, there were only a small number of tumor-associated cells in the extravasated 

population. The proportion of tumor-associated PBLs was significantly lower than PBLs that 

were not-tumor associated (p=0.001). These results confirm that the VMT can be used to 

assess lymphocyte extravasation and association with tumors. Future studies will employ 
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the pre-activated PBL, which are predicted to have higher rates of interaction with the tumor 

cells.  
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DISCUSSION 

 

This thesis proposal presents the current clinical landscape for ACT in advanced colorectal 

cancer (Aim 1), and preliminary studies on the development of methods to increase tumor 

immunogenicity in vitro (Aim 2). In the first aim, the data suggests that ACT can prolong OS 

and PFS and is well-tolerated among CRC patients. In the second aim, naïve PBLs did not 

associate with SW480 tumors which matches the expectation for PBLs that are not activated.  

 

The natural course of disease for metastatic CRC in patients who have stopped responding 

to standard treatment is generally poor. To demonstrate this, one can examine results of 

modern clinical trials for metastatic CRC, where a placebo group was included (i.e. a group 

representing the “natural history of disease”.  Two previously published clinical trials, 

CORRECT and RECOURSE, tested monotherapies including regorafenib and TAS-102, 

respectively in patients with chemo-refractory colorectal cancer. These studies recorded 

similar median OS rates for the placebo arms (no therapy) at 5 and 5.3 months, respectively 

[49, 50]. In addition, these studies both recorded a median PFS of 1.7 months. Another 

important study, RAISE, described their control group as chemotherapy (5-fluorouracil, 

leucovorin, irinotecan, “FOLFIRI”) without ramucirumab and had a median OS of 11.7 

months and median PFS of 4.5 months [51].  The higher median OS and PFS rate in RAISE 

compared to CORRECT and RECOURSE is due to RAISE not having a true placebo arm (and 

reveals the effects of a standard chemotherapy regimen in the 2nd line treatment setting). Of 

note, the interventional arm in RAISE (FOLFIRI + ramucirumab) attained a median OS 

estimate of 13.3 months. These findings, among others, highlight the need to develop 
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effective therapeutic strategies for patients with advanced CRC. Here, these results serve as 

a historical comparison from which to place the selected mCRC ACT clinical trial results into 

context.  

 

In this review, 4 out of 5 articles reporting OS had extended median estimates exceeding 5 

months and 3 out of 5 reported median OS exceeding 14 months. All 7 articles that reported 

PFS had median estimates exceeding 4.5 months. It is encouraging that the PFS and OS 

estimates from these studies, involving heavily pre-treated metastatic CRC patients, 

surpassed the median OS and PFS of the placebo control arms of CORRECT and RECOURSE, 

suggesting that the treatments are active. Specifically, since patients will likely use ACT as a 

2nd or 3rd line of treatment, it is encouraging that the studies in this review reveal PFS and 

OS estimates that are comparable, if not superior to both the active and control arms in 

RAISE, a modern 2nd-line clinical trial for metastatic CRC (i.e. representing the current 

standard of care).   

 

To place the toxicity results from this systematic review into perspective, we once again turn 

to the clinical trials literature. Clinical trial “CALGB-80405” examined FOLFOX6 and FOLFIRI 

with either bevacizumab or cetuximab in mCRC patients as first-line treatment, revealing 

SAE incidence rate of 53% for an event graded 3 or higher [52]. In comparison, only 30% of 

patients receiving ACT on protocol experienced an adverse event of grade 3 or higher 

according to this review, in a population of patients who have received prior treatments (i.e. 

a population at greater risk for treatment-related adverse events). This suggests that 
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adoptive T-cell therapy tolerance is comparable to current chemotherapy-based standards 

of care. 

 

One patient in this review suffered treatment-related death during a clinical trial studying 

anti-ERBB2 CAR-T therapy. She was diagnosed with Her2+ colon cancer that metastasized 

to her liver and 6 lymph nodes. After several chemotherapy regimens, 1x1010 CAR-T cells 

targeting ERBB2, which has been found to be overexpressed in several different cancers 

including colon cancer, were used as the 4th line of treatment. Within a few hours after the 

first infusion, the patient had respiratory distress due to pulmonary edema and after 12 

hours, the patient developed severe hypotension and experienced two cardiac arrests. After 

5 days, the patient suffered from progressive hypotension, bradycardia and gastrointestinal 

bleeding that eventually led to cardiac arrest and treatment-related death [7]. This clinical 

trial has since been terminated (the above patient was the first and only patient receiving the 

investigational ERBB2 CAR-T therapy). While most patients did not experience severe 

adverse events, it is important to note that ACT is still being optimized and developed. After 

post-mortem analysis, the researchers in this study concluded that the patient’s death was a 

result of transferring highly active anti-ERBB2 T cells that recognized ERBB2 expressed by 

normal lung tissue. This triggered a release of inflammatory cytokines (TNF-α and IFN-γ) 

causing pulmonary toxicity and edema followed by a rapid surge of cytokines (also called 

cytokine release syndrome or CRS) ultimately resulting in multiorgan failure. CRS is a side 

effect of immunotherapy that causes widespread activation of the immune system. One way 

to minimize this effect is the use of cytokine-blocking drugs such as tocilizumab and 

siltuximab (anti-IL-6). Dexamethasone, an anti-inflammatory drug, was used to help combat 
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the adverse reaction to CAR-T infusion, however, the cytokine-blocking drugs that were 

available at the time of this clinical study were not [53]. Additionally, severe adverse 

reactions such as CRS could be avoided by restricting the dose of active T cells. This again 

highlights the need to direct research efforts towards a highly accurate and high throughput 

method for testing ACT.   

 

Additional stage I/II clinical trials are needed to truly understand the efficacy and safety of 

ACT in patients with CRC. Currently, there are two phase I clinical trials for adoptive T-cell 

therapy in patients with CRC that are either recruiting or will be recruiting patients. One trial 

(NCT04107142) is a dose escalation trial for CAR-T cells targeting NKG2DL thought to be 

important in the regulation of tumor progression,  and the other (NCT03970382) is testing 

neoantigen targeted TCR on locally advanced or metastatic tumors [54]. One other trial is 

active (NCT02757391) and is testing a CD8+ T cell therapy with pembrolizumab, the 

immune checkpoint PD1 inhibitor, while the remaining two other trials registered on 

ClinicalTrials.gov were terminated due to feasibility and sponsor decision.  

 

In aim 2, the methods imitated the in vivo process of T cell activation with two costimulatory 

signals, CD3 and CD28. Primarily, CD3 binds with the T-cell receptor (TCR) and this signal 

alone would increase T cell anergy. Therefore, the addition of CD28 acts as a secondary signal 

that drives the production of chemokines, cytokines and other downstream signals that are 

required for prolonged T cell activation and proliferation [55]. Although the PBLs collected 

are a mixed population of T cells, B cells, and NK cells, only T cells will clonally expand under 

these conditions. While both naïve and antigen-activated T cells were created, only naïve T 
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cells were tested for cytotoxicity effects due to time constraints. It would be interesting to 

know if the ratios between CD4+ and CD8+ T cells can be manipulated to increase tumor 

killing and further studies on the composition of the PBLs are warranted. 

 

Naïve PBLs were successfully perfused into the VMT. While naïve PBLs are not expected to 

target tumors prior to antigen exposure, at 48 hours it appeared that some PBLs naturally 

migrated towards the tumor. After further analysis, it was found that the proportion of 

tumor-associated PBLs was significantly lower than not tumor-associated PBLs. It is possible 

that the PBLs were associating with the SW480 microtumors at random. While further 

replicates of this experiment are needed to address variability, the lack of association 

between tumors and naïve PBLs support the hypothesis that naïve PBLs have low baseline 

killing capacity within the VMT. These data support the use of the VMT as a physiologically 

relevant in vitro model to test adoptive T-cell therapies and provides foundation for further 

study. 

 

In these initial experiments, previously validated cell lines were used to test feasibility of 

PBL perfusion and extravasation. If the naïve PBLs are in fact associating with the tumor, this 

could be partially due to the allogeneic nature of the VMT which could cause low levels of 

PBL activation due to the presence of non-self MHC.  In an ideal scenario, iPS, tumor and 

PBMCs would be isolated from the same patient to create a completely autologous 3D 

system.  
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Study Limitations 

The review had several limitations. First, all studies included in this review were non-

randomized trials which makes it difficult to compare the results between experimental 

groups. Second, some studies included IL-2, hyperthermia and anti PD-1 which could be 

confounding to the overall results. Lastly, due to the low sample size of each article, it was 

not feasible to combine results for statistical analysis.  

 

Due to the complex nature of the human immune system, it is difficult to replicate all cell-to-

cell interactions that occur during tumor antigen recognition and tumor cytotoxicity, 

therefore, there were some limitations in this study. Optimization of the differentiation of 

monocytes to mature DCs are needed to confirm pure populations at each step. In addition, 

the PBLs used in these experiments are a mixed population, further studies on PBL 

composition are needed to identify which cell types are being activated. Lastly, the VMT is 

an allogeneic model, which means that there are additional interactions between the 3D 

tumors, immune cells and vessels which could interfere with T cell mediated cytotoxicity. 
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CONCLUSIONS 

 

This thesis examined the current clinical landscape of adoptive T-cell therapy in patients 

with CRC and optimized methods for studying ACT in vitro. Compared to the untreated mCRC 

in the 2nd/3rd  line setting (median OS = 5 months, median PFS = 1.7 months)[49-51], results 

from these early phase colon cancer ACT clinical trials show promise, with 3 of 5 trials 

reporting median OS estimates exceeding 14 months and all 7 trials reporting PFS reporting 

median estimates exceeding 4.5 months. Furthermore, these OS and PFS estimates are 

comparable, if not superior to OS and PFS estimates for current combination chemo-biologic 

mCRC treatment in the 2nd-line setting [51]. In addition, overall serious adverse events were 

well tolerated compared to other chemotherapy and immunotherapy trials for advanced 

CRC. In the second aim of this thesis, methods for successful differentiation of monocytes to 

mature tumor antigen presenting DCs as well as the clonal expansion and activation of PBLs 

were confirmed. As expected, naïve PBLs perfused through a vascularized microtumor 

device extravasated and did not target SW480 microtumors in vitro. While further 

optimization is still necessary, this thesis presents advantages towards using a vascularized 

3D model to test ACT that could potentially bridge the gap between in vitro science and 

clinical trials.  
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FUTURE DIRECTIONS 

 

The review portion of this thesis will be expanded to other types of adoptive cell therapy 

such as DC and NK therapies and combined into one large review that will be submitted for 

publication in the medical literature.  

 

For the second aim, future studies will include additional antibodies for FACs analysis to 

confirm removal of non-adherent contaminating cell types during monocyte isolation such 

as T cells (CD3/CD4/CD8), B cells (CD19),  and NK (CD56). Alternatively, monocyte isolation 

can also be done with positive selection via CD14+ microbeads to ensure a pure population. 

In addition, day 6 and day 10 of monocyte differentiation into mature DCs, FACs analysis will 

include CD14, CD209, and CD83 antibodies to confirm all cells have differentiated during 

each step.  

 

For PBL expansion, including CD4+ and CD8+ FACs analysis will be useful in evaluating and 

identifying T cells responsible for tumor killing. Monolayer cytotoxicity assays will be 

utilized to quantify specific PBL activation towards tumor cells. Calcein AM from Thermo 

Fisher Scientific (Waltham, MA) will be incorporated into the live SW480s or other cancer 

cell lines prior to seeding and, with cell death, released as measurable fluorescein to obtain 

a more specific and accurate final measurement for cytotoxicity.  

 

In addition, the VMT will be used to determine cytotoxicity in 3D by determining fold-change 

in growth of tumor cells exposed to primed PBLs relative to naïve PBLs. As mentioned 
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earlier, the VMT is an allogeneic platform, however, iPS cells can be generated from patients 

to create a fully autologous platform. These experiments will be replicated with several 

different commercial PBMC lots to further decrease variability in our results. Finally, after 

optimization in commercial lots, both CRC tumor and PBMC patient samples can be tested in 

the VMT.  
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APPENDIX A: SUPPLEMENTAL FIGURES 

    Table S1. Antibodies for Flow Cytometry 

Antibody Catalog Species Supplier Dilution 

CD14 FITC 130-110-576 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

CD209 FITC 130-119-822 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

CD83 PE 130-110-503 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

CD326 PerCP-Vio700 130-111-120 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

REA Control (S) PE 130-113-438 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

REA Control (S) FITC 130-113-437 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

REA Control (S) PerCP-Vio700 130-113-441 human 
Miltenyi Biotec,  
San Diego, CA 

1:50 

 

 

 

    

Figure S1. Example of Gating using FCS Express 7 

Cells were gated to remove dead cells, indicated by the red gate (A), then for the lineage specific marker in the sample 

(C). An isotype control was used to check for non-specific antibody binding (B). This example looks at CD209 FITC on day 

6 of monocyte to mature DC differentiation.    
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