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Introduction 
 

Gastro-Intestinal Tumours  
 

Gastrointestinal (GI) cancer accounts for nearly 35% of all cancer-related 

death among common neoplasms and jeopardizes human health [1]. Patients 

are usually diagnosed accidentally with unspecific and latent symptoms 

thereby limiting the already low number of possible treatments. Although 

the surgical resection can be curative, most patients are diagnosed with 

advanced stages of the disease, where radiotherapy, chemotherapy and the 

new-born immunotherapy are required but, likewise, the chance to eradicate 

the malignancy is unsure. Unlike other solid tumours such as breast cancer 

and lung cancer, GI tumours have mesenchymal peculiarities which prevent 

the infiltration of immune cells and therefore the antitumour response [2].  

 

The Tumour Microenvironment 
 

The Tumour Microenvironment (TME) consists of a highly heterogeneous 

and complex ecosystem that surrounds and strictly interacts with malignant 

cells. TME is made of non-immune cells such as stromal cells and 

endothelial cells, and immune cells such as dendritic cells (DCs), mast cells, 

macrophages, natural killer cells (NKs), polymorphonuclear cells, B and T 

lymphocytes and, together, account for the vast majority of tumour volume. 

Its composition varies remarkably between cancer types, and also between 

patients affected by a similar cancer type. All these components, including 

malignant cells, communicate endlessly between each other through an 
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intricated network of chemokines, proteins, cytokines and cell-to-cell 

interaction whose balance plays a key role in restraining or fostering tumour 

development [3]. Specifically, the immune cell compartments of a tumour, 

also known as tumour-infiltrating lymphocytes (TILs), are paramount in 

determining the neoplasms’ fate and its invasive and metastatic properties 

[4]. Promising results have been reported from the latest studies to include 

immune parameters among the common oncology prognostic classification 

methodologies [5].  

Currently, it’s well-known that the anti-tumour immunity is an essential 

barrier that must be overcome for cancer to start, grow and spread and that 

it can be modulated with emergent immunotherapies to accomplish 

significant anti-tumour clinical response [6]. 

 

Tumor-infiltrating-lymphocytes 
 

As mentioned above, tumour-infiltrating immune cells play a crucial role in 

tumour control and response to therapy. Among these cells, CD8+ T  

lymphocytes are the prototypical anti-tumour immune cell. Once primed 

and educated by antigen-presenting cells (APCs), i.e., DCs, CD8+ cells can 

recognise antigen-specific cancerous cells and kill them directly realising 

cytotoxic molecules, or secreting chemokines in order to gather other killing 

cells.  Without any previous interaction with APCs, cytotoxic Natual Killer 

(NK) cells can exhibit anti-tumour killing independently whereas CD4+ 

Th1-oriented cells are more important in fostering the anti-tumour immune 

response recruiting and activating the macrophage compartment and 

secreting cytokines fundamental for T cell proliferation [5]. 

Conversely, other immune cells such as the myeloid-derived suppressor 

cells (MDSCs)  can promote tumour expansion by the activation of cell 
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migration, extracellular matrix deposition (ECM), vascularisation and 

proliferation of stromal cells. These cells can also exert tumour progression 

limiting the in situ immune response. The most well-known 

immunosuppressive cells are regulatory CD4+ T lymphocytes (Tregs), 

thanks to the direct release of immunosuppressive compounds such as 

adenosine or IL-10, these cells can modulate APC function and prevent the 

killing cells gathering [7]. 

Another group of cells, the tumour associated macrophages (TAMs),  

exhibits a controversial and not well-understood role in TME, showing both 

tumour-inhibiting and tumour-promoting features. In this regard, whereas 

the so-called M1-like macrophages mainly produce pro-inflammatory 

cytokines which boost the anti-tumour response, the M2-like macrophages 

can support ECM deposition, immunosuppression and fibroblast 

proliferation [8]. Therefore, the complete set of immune cells within the 

TME is a mixture of these different cell groups rather than a binary ‘pro-

tumour’ or ‘anti-tumour’ environment.  
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Immunotherapy 
 

Cancer immunotherapy, sometimes called “immuno-oncology”, is a new set 

of medical treatments which aim to stimulate, re-activate and improve the 

immune system’s natural ability to fight cancer cells. The main treatment 

tools in cancer immunotherapy are cytokines, vaccines, adoptive cell 

therapy, and monoclonal antibodies with this last family, targeting the 

immune checkpoints such as Programme Death-1 (PD-1) and cytotoxic T-

lymphocyte-associated protein 4 (CTLA-4), is the most involved into the 

clinical practice nowadays. At the moment, the checkpoint inhibitors are 

demonstrating striking clinical benefit across several types of cancer such 

as non-small lung cancer (NSCLC), melanoma, bladder cancer, Hodgkin 

lymphoma and renal cell carcinoma [1]. They not only provide patients with 

fewer side effect and better life quality but also results in better outcomes 

compared to common chemotherapy regimens. However, the main 

challenges with this new family of treatments are the high costs and 

therefore its economic impact on the health care system and the that not all 

patients respond equally to immunotherapy. The unpredictable response to 

immuno-oncology therapies reported together with the high cost requires a 

personalized approach also known as -“to provide the right treatment to the 

right patient at the right dose at the right time”-. Currently, efforts are needed 

to develop clinically novel biomarkers and unveil unidentified versions of 

common immune checkpoints targets. Another aspect to take into 

consideration is that GITs are considered ‘cold’ tumours because of the lack 

of T cells - unlike ‘hot’ tumours - and therefore less prone to immuno-

oncology therapies. Even more so, identifying new biomarker and immune 

gene signatures as well as alternatives splicing gene isoforms, employing 
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cutting-edge high throughput technologies such as next-generation 

sequencing are urgently required.  

The Third Generation Sequencing 
 

A new era of sequencing has begun with the arrival of the third generation 

sequencer which includes PacBio and nanopore sequencing. These two 

techniques are very powerful [9,10] thanks to their capability of real-time 

sequencing of single molecules and long-read sequencing. In addition, the 

capability of nanopore sequencing to perform Direct Rna Sequencing (DRS) 

as opposed to cDNA gives new potential approaches to understand RNA 

splicing [11]. 

 

The Nanopore Sequencing 
 

Nanopore sequencing dates back to the early 1990s from an idea of George 

Church and David Deamer from Harward University and the University of 

Santa Cruz respectively, who developed a functional nanopore sequencing 

platform. In 2007, the Oxford Nanopore Technology (ONT) licensed core 

nanopore sequencing and a few years later unveil the USB-sized, 90-g 

portable MinION nanopore sequencer. At the core of a MinION sequencer, 

a flow-cell is clipped on it and consists of a membrane with continuous 

electrical current, where 2048 nanopores are embedded [12]. Double or 

single-stranded nucleic acids pass into the nanopores, disrupting the ionic 

current within the membrane creating disruption patterns that can be 

addressed to specific bases; then the output data can be further analysed 

through bioinformatics tools.  Other than their long-read sequencing ability, 

ONT clearly has advantages compared to PacBio; these extra benefits 
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include portability, low capital cost, DRS ability and detection of cytosine 

methylation [13]. This might provide more accurate modification and 

sequence annotations. In addition, nanopore reads quality does not decline 

with length and the MinION device was capable of sequence a DNA 

fragment over 2 million bases in 2018, confirming the strength of the 

sequencer [14]. Focusing on MinION portability, this plus point allows the 

MinION to be used in-field diagnostics unlike other sequencers: indeed,  

MinION was utilised during the Zika and Ebola outbreaks [10,15], it was 

implemented in rapid bovine pathogen diagnostics [16] and for the first time 

evaluated the microbial DNA aboard the International Space Station in a 

microgravity environment [17]. 
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Aim of the project 
 

I aim to provide new insights into the genetic traits of immune cells that 

infiltrate tumours and to look for potential new druggable targets. Such 

tumour-infiltrating immune cells are the basis of immunotherapy, a 

relatively new set of very powerful cancer treatments. Immunotherapy could 

allow better cancer treatment by exploiting the ability of certain immune 

cells to identify and eliminate undesirable cells such as cancer cells.  

 

A tumour and its microenvironment contain populations of different types 

of immune cells, some associated with positive patient prognoses, some 

associated with poor patient prognoses. Immunotherapy success varies 

according to patient and cancer type; some major cancers such as colorectal 

cancers resist immunotherapy in most cases, largely due to the accumulation 

of types of immune cells that suppress the immune response against the 

tumour – so called immunosuppressive cells.  

 

I propose to characterize immune cell populations in colorectal tumours 

speculating that tumour-infiltrating immune cells produce previously 

unidentified versions of important genes.  Immunosuppressive cells, for 

example, may produce a unique version of a gene that could be targeted in 

order to neutralise these cells and so improve immunotherapy success rates.  

 

I will use nanopore sequencing in order to try to identify novel versions of 

important genes produced by tumour-infiltrating immune cells. 
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Methods 
 

Colon cancer mouse models 
 

C26 murine colon cancer model 

 
For the tumour induction, 2,5 x10^5 C26 cells in 100 μl HBSS (1x) 

(Matrigel: Phenol Red Free, 356237) were injected subcutaneously into the 

left flanks in seventeen 12 ‐ 13 weeks old males Balb/C mice (white fur) 

using a 1 ml syringe with a 27G needle. Mice were anaesthetized with 

Xylasol/Ketasol.  

 

MC38 murine colon cancer model 

 
Similarly, sixteen 7 - 10 week old male C57BL6/J mice (black fur) were 

injected subcutaneously into the left flanks with 2,5 x 10^5 MC38 cells in 

100 μl HBBS (1x) using a 1 ml syringe with a 27G needle. Body weight and 

tumour mass were determined at regular intervals every 2 days. 

 

Sample collection 

 
The experiment was performed over a period of 3 weeks and a cohort of 

mice (3 healthy controls and 5/6 tumour bearing mice from each model) was 

sacrificed every week. Tumour mass and spleen has been extracted and 

collected in 15 mL tube with 1X PBS from every sacrificed mouse and 

tumour weight and size was measured using a scale and a surgical ruler 

respectively. According to ethics, tumours were generally collected when 

reaching an average size of 150 mm3 and stored on ice temporarily. 
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Tissue Dissociation 
 

Tumour Dissociation KIT – for mouse 

 

Following a gentle mince into small pieces of 2-4 mm using surgical 

scissors, we transferred  the tissue into the gentleMACS C Tubes containing 

the enzyme mix (Enzyme D, Enzyme R and Enzyme A in RPMI 1640 

medium) of Tumour Dissociation Kit (mouse) from Miltenyi (Cat. No.: 120-

096-730) to generate a single-cell 

suspension. Then, we tightly close C 

Tube and attached it upside down onto 

the sleeve of gentleMACS Dissocatior 

(Figure 1). We used the heating and 

rotative function of the gentleMACS 

Dissociator with Heaters run program 

37C_m_TDK_1. After that, we 

applied the cell suspension to a 70um strainer, washed cells with 10mL of 

RPMI 1640 buffer, centrifuged cells suspension at 400g for 3 minutes. We 

then aspirate supernatant completely in 10mL PBS. 

Lastly, we assess the cell count to check the viability of cells with Innovatis 

AG Casy 1 Cell Counter + Analyzer System Model D (Figure 2) and the 

blood cell lysis with Red Blood Cell Lysis Solution (10x) (Cat. No.: 130-

094-183).  

 

Figure 1.GentelMACS Dissociator 
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Figure 2. Casy Cell-Counter 

 

Spleen Dissociation  
 

The spleen in PBS Buffer was placed into a 70um cell strainer and, with the 

plunger end of a syringe, mashed through the cell strainer into a 15mL tube. 

We rinsed the tube up to 15mL of PBS Buffer and spun the cells at 500g for 

3 minutes. After having discarded the supernatant, cells were resuspended 

into the Red Blood Lysis Buffer and let stand for 5 min at room temperature. 

Then cells were spun, the supernatant discarded and splenocytes 

resuspended in 5mL PBS Buffer ready for the cell count. 
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CD4/CD8 population enrichment 

 

CD4/CD8 (TIL) MicroBeads (mouse) Kit 

 
After evaluating the cell number and a 

centrifugation step at 400g for 3 minutes, 

we used the CD4/CD8 (TIL) MicroBeads 

(mouse) kit (Cat. No.: 130-116-480) to 

enrich CD4+ and CD8+ cells. CD4+ and 

CD8+ cells, magnetically labelled with 

CD4/CD8 microbeads, were resuspended 

in 90 uL of MACS buffer per 107 cells and 

mixed with 10uL of CD4/CD8 

Microbeads per 107 total cells. After 10 minutes incubation into the 

refrigerator, MACS Buffer was added to a final volume of 500uL for up to 

5x107 cells. 

Then, the cell suspension was loaded onto a MACS Column and placed in 

the magnetic field of a MACS Separator (Figure 3). While the unlabelled 

cells run through with 2x1 mL washes of MACS Buffer, the magnetically 

labelled CD4+ and CD8+ were retained with the column and eluted in 3mL 

MACS Buffer by firmly pushing the plunger into the column. 

  

Figure 3. MACS Separator with MACS Columns 
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Flow cytometry 

 

Cells were resuspended in 200uL of FACS buffer (PBS 1%BSA (or 

4%FCS) 0,05% Sodium Azide) in order to be stained with specific 

antibodies for a stronger selection of CD4+ and CD8+ cells. The following 

mix of antibodies was used (Table 1): 

 

 

 

 

 

Number of Ab Antigen Colour 

255 CD45 PE-Cy7 

123 DAPI DAPI 

61 TCRβ APC 

164 CD4 PE 

520 CD8 FITC 

Table 1. Antibodies used for FACS enrichment 

 

Before the staining step, cells underwent 5 minutes incubation with Fc block 

staining to prevent any non-specific binding during the flow cytometry. 

After sorting cell with FACS ARIA III (Figure 4), cells were immediately 

added with 500uL of Trizol and stored at -80°. 

Figure 4. FACS ARIA III Sorter 
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RNA Extraction, quantification and quality control 

 

Trizol Protocol 

 
Frozen cells were thaw at room temperature for 5 minutes and 200 uL 

chloroform was added per ml of Trizol, then shook vigorously for 15 

seconds. After 2 to 3 minutes incubation at RT, the solution was spun at 

12’000 (up to 16’000) g for 15 min at 4°C and the upper aqueous phase layer 

was transferred to a new tube. After that, 1 uL glycogen (20 mg/ml) and 1 

volume 2-propanol were added to the solution and left standing 10 minutes 

at RT, then spun at 12’000 (up to 16’000) g for 20 min at 4°C. Once 

supernatant was removed, 500uL 75% EtOH was added, RNA was vortexed 

and spun down at 7’500 g for 5 min at RT; the supernatant was removed and 

the pellet was let dry for 10-15 min and resuspended in a suitable amount of 

Rnase free water. A 55°C incubation was then required to homogenize the 

pellet with Rnase free water.  

 

RNA Clean-Up and DNA digestion 

 
In order to clean up our RNA samples from carrying over contaminants such 

as phenol, guanidine isothiocyanate, ethanol and proteins, we employed 

three different kits: the RNeasy Mini Kit from Qiagen (Cat No.: 74104), the 

PureLink® RNA from Thermofisher (Cat No.: 12183025) and RNA Clean 

& Concentrator™-5 from Zymo Research (Cat No.: R1013). All these kits 

rely on a column-based system to clean up the RNA and they are supplied 

with a Dnase treatment that might be performed in-column or before loading 

the sample on a column.  
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RNA quantification 

 

NanoDrop™ 2000/2000c ultra-trace UV-visible spectrophotometer and 

Qubit 3.0 Fluorometer have been used to check the quality and quantify 

RNA samples respectively. To assess samples with Qubit 3.0 Fluorometer, 

we used the Qubit® RNA HS Assay Kits (Cat No.: Q32852). 

 

Human colon cancer samples 
 

Sample collection 
 

Colorectal tumour tissue and healthy mucosal tissue were collected at the 

University Hospital Clinic Section in Bath starting from January 2019. 

Specimens were reviewed by pathologists to determine TNM (tumour, 

nodes and metastases) stage. The study was approved by the University 

Institutional Review Board and all patients provided written informed 

consent for sample collection and data analyses. 

The following clinical data were collected: patient age, gender, and 

outcome; the presence/absence of metastasis; tumour location, size, margin 

status, TNM stage, degree of differentiation, invasion degree and location 

(lymph node, bile duct/duodenal serosa, hepatic, portal vein, vascular, 

perineural), schedule of chemotherapy, neoadjuvant and/or adjuvant 

chemotherapy, chemotherapy toxicity, and treatment follow up.  
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Tissue Dissociation 
 

Tissue samples were collected from the 

surgery, placed into a small plastic box on 

ice and processed within 45 minutes of 

excision (Figure 5). The samples were 

usually cut in 4 pieces: while 1 out 4 of 

pieces was immediately processed, the 

other 3 were each stored at different 

conditions later describe. The tissue was mechanically reduced to small 

pieces using surgical scissors, then treated for 25 minutes at 37°C with 

Liberase TL Research Grade  (13U/mL). After further dissociation by up-

and-down suction through glass pipettes with progressively more restrictive 

orifices (10 ml, 5 ml and 2 ml pipettes), the suspension was filtered through 

a 70 um nylon mesh, centrifuged, and washed once. Using an automated cell 

counter, the number of isolated cells was determined. 

As mentioned before, surgeons provided us with healthy tissue surrounding 

malignancy and it underwent the same dissociation and storing procedure. 

 

Cell suspension and samples storing 

 
After cell number was determined, cells were added with the 

cryopreservation medium  CELLBANKER® 2 (Amsbio - Cat No.: 11892) 

and stored at -80°C. The other 4 specimens from the original sample were 

singularly added with PAXgene Tissue FIX Container Product Circular 

(Qiagen – Cat. No.: 765112) and stored at -80°C or added with CellCover 

(Anacyte – Cat No.: 800-250) and stored at 4°C or snap frozen without 

Figure 5. Samples from surgery. Healthy tissue (on the 

left) and tumour tissue (on the right) 
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adding any medium at -80°C. Each specimen were pre-labelled with a 

unique ID. 

 

Pancreatic cancer mouse models 
 

LSL-KrasG12D Trp53lox/+ Pdx1-Cre mouse models 

 
Two pairs of genetically engineered mouse models (GEMMs) of pancreatic 

cancer were bought from Nihon University School of Medicine of Tokyo 

(Japan) and have been harvesting in our mice facility. All animal studies 

were conducted in compliance with the International guidelines for the care 

and use of laboratory animals and were approved by the local authorities. 

These mice autonomously develop cancer between 4 and 8 months. 

 

Sample Collection 

 
One mouse was sacrificed with cranial 

dislocation after 6 months; the sample collection 

time point was collectively agreed once the 

mouse developed a clear and touchable mass in 

the abdomen and was no longer amenable to 

movement. The pancreatic tumoral mass (Figure 

6) was extracted and immediately mince in a 

solution containing DMEM/F12 medium plus collagenase and DNase I. 

After additional intermediate step including a 3 minutes centrifugation step 

at 200 g at 4°, cells were resuspended in Matrigel Growth Factor Reduced 

medium and incubated at 37° with 5% CO2. 

 

Figure 6. Pancreatic tumour 
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Peripheral Blood Mononuclear Cells (PBMCs) from Bone 

Marrow 
 

After tumoural mass removal, both femurs and tibias were collected and 

removed from surrounding muscles (Figure 

7). All bone ends collected were cut with 

sharp sterile scissors and with a 23-gauge 

needle and 10cc syringe filled with HBSS 

bone marrow was flushed out onto a 70 um 

nylon cells strainer placed in a 50 ml Falcon 

tube. Then, bone marrow was smashed, the cell pellet resuspended in RBC 

lysis buffer and, after centrifugated, resuspended in DMEM medium. Cells 

were counted with the Vi-CELL XR cell counter and stored at -150° in 

CellBanker medium. 

 

  

Figure 7. Mouse femur 
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Results 

 

Mice samples 
 

Tumour growth in mice 

 
Tumours grew subcutaneously in both Balb/C 

mice (white fur) (Figure 8) and C57BL6/J mice 

(black fur) showing similar sizes (Tables 2-3), 

determined by a surgical ruler, and proliferation 

rates although not assessed with Ki67 assay. 

Reached the agreed time point, mice were 

sacrificed with cervical dislocation and tumour 

excised with surgical scissor and tweezer.   

In one case (Figure 9), due to unspecified reason, 

the tumour grew very fast developing a big 

necrotic hole within the main body. For this 

reason, this mouse was sacrificed - for ethical 

rules - but not included in our study. 

  

Figure 8. Colon tumor on the flank 

of Balb/c  mouse 

Figure 9. Necrotic colon tumour on the 

flank ov C57BL6/J mouse 
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Sorted cells with FACS 
 

Flow cytometry was used to analyse immune cells in the spleen and in the 

tumour; representative gating strategies are shown in Figure 8a and 8b. Pan 

leucocyte markers CD45 and TCRβ (Figure 10a) were used to define the 

lymphocyte population and, after this, CD4 and CD8 markers (Figure 10b) 

were selected for determining percentage and number of CD4 and CD8 

numbers. 

 

 

Preliminary statistics data 

 
After the tumour and spleen excision, the tumour dissociation and 

CD4+/CD8+ population enrichment using Miltenyi kit and FACS Aria III, 

all data were collected in two tables, each corresponding to a different time 

point (Tables 2 and 3). Tumour and spleen samples were collected at 14 

days (Table 2) and 21 days (Table 3) time point. Tumour and spleen were 

not collected at 7 days time point due to the limit size and weight of samples. 

 

 

Figure 10b. FACS image for the second gating Figure 10a. FACS image for the first gate.  
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Timepoint 14 
Tumour 

Line 
Tissue Tumour Size (cm) 

Weight 
(gr) 

No.CD8 No.CD4 Total 

1 CT26 
Tumour 1 9x6.8x5 0.2 36.000 18.000 54.000 

Spleen 1   240.000 743.000 983.000 

2 CT26 
Tumour 2 11x6.9x5.6 0.4 78.000 40.000 118.000 

Spleen 2   272.000 846.000 1.118.000 

3 CT26 
Tumour 3 5.1x4.8x3.4 0.3 43.000 19.000 62.000 

Spleen 3   238.000 880.000 1.118.000 

4 CT26 
Tumour 4 8.6x9.1x3.6 0.3 104.000 30.000 134.000 

Spleen 4   266.000 711.000 977.000 

5 CT26 
Tumour 5 10.2x7.6x4.4 0.6 63.000 56.000 119.000 

Spleen 5   Unknow Unknow 0 

6 MC38 
Tumour 6 7x5.8x4 0.2 

Sample lost 
0 

Spleen 6   0 

7 MC38 
Tumour 7 5.6x5.6x5.1 0.1 6.000 6.000 12.000 

Spleen 7   600.000 775.000 1.375.000 

8 MC38 
Tumour 8 7.2x6.8x4.4 0.3 5.000 15.000 20.000 

Spleen 8   533.000 667.000 1.200.000 

9 MC38 
Tumour 9 5.2x5.4x4.8 0.1 

Sample lost 
0 

Spleen 9   0 

10 MC38 
Tumour 10 6.7x6.4x4.7 0.3 7.000 9.000 16.000 

Spleen 10   419.000 395.000 814.000 

11 MC38 
Tumour 11 8.2x7.5x2.6 0.1 5.000 5.000 10.000 

Spleen 11   568.000 664.000 1.232.000 
Table 2. Samples collected at 14 days timepoint 

 

Timepoint 21 
Tumour 

Line 
Tissue Tumour Size (cm) 

Weight 
(gr) 

No.CD8 No.CD4 Total 

1 CT26 
Tumour 1 15.6x10.7x9.4 1.4 287.000 42.000 329.000 

Spleen 1   70.000 140.000 210.000 

2 CT26 
Tumour 2 14.1x9.6x7.7 0.8 382.000 74.000 456.000 

Spleen 2   155.000 260.000 415.000 

3 CT26 
Tumour 3 6.8x7.3x4.7 0.5 206.000 58.000 264.000 

Spleen 3   68.000 109.000 177.000 

4 CT26 
Tumour 4 7.1x5.3x5.1 0.1 76.000 26.000 102.000 

Spleen 4   68.000 126.000 194.000 

5 MC38 
Tumour 5 16.2x11.7x6.2 0.5 4.800 6.180 10.980 

Spleen 5   214.000 262.000 476.000 

6 MC38 
Tumour 6 9.2x6.7x4.0 0.3 25.000 13.000 38.000 

Spleen 6   199.00 211.000 211.000 

7 MC38 
Tumour 7 11.4x18.4x9.1 1.9 10.000 29.700 39.700 

Spleen 7   146.000 171.000 317.000 

8 MC38 
Tumour 8 14.8x13.2x9.3 1.9 12.000 30.000 42.000 

Spleen 8   59.000 68.000 127.000 

9 CT26 
Tumour 9 18.9x14.5x20.9 3.1 264.000 49.000 313.000 

Spleen 9   59.000 135.000 194.000 
 Table 3. Samples collected at 21 days timepoint 

 

Showing data on a bar chart (Figure 11), in the first place we can see the 

different number of CD4/8 cells between 2 different time points: CD4 and 

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

CD8 cells remarkably outnumber the CD4 and CD8 in 14 days time point. 

In the second place, there is a striking difference - within each time point - 

of the CD4 and CD8 that infiltrate the tumour, probably due to the different 

immunogenetic features of mice lines used in this study.   

 

 
Figure 11. Total CD8/4 in CT26 and MC38 mice at different time points (TP). 1: MC26 at 14-days timepoint. 2: MC38  at 14-days 

timepoint. 3: CT26 at 21-days timepoint. 4: MC38 at 21-days timepoint. 

 

RNA extraction 
 

After the RNA extraction with Trizol, I purified samples using the 

ZymoResearch Kit quantified the RNA with a Qubit® 3.0 and the RNA HS 

Assay Kit (Table 4). Give the unsatisfactory results with ZymoResearch Kit,  

I tried the equivalent kits from Invitrogen (Table 5) and Qiagen (Table 6); 

however, due to the high elution volume of these kits, it was not possible to 

evaluate the amount of RNA extracted and Nanodrop proved to be not 

reliable for this purpose.  
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Cell No 
Qubit  

(ng/ul) 
Nanodrop (ng/ul) 260/280 260/230 

10k / 7,2 1.54 0.64 

50k 10 26,6 1.52 0.84 

100k 20 41,5 1.63 0.95 

Table 4. RNA cleaned up with Zymo Research Kit.  

Cell No 
Qubit 

(ng/ul) 
Nanodrop (ng/ul) 260/280 260/230 

10k / 5,7 1.44 0.62 

50k / 3,5 1.56 1.04 

100k 0,5 7,7 1.51 0.67 

Table 5. RNA cleaned up with Invitrogen Kit 

Cell No 
Qubit 

(ng/ul) 
Nanodrop (ng/ul) 260/280 260/230 

100k / 9,4 1.50 0.44 

100k / 1,6 1.27 0.21 

120k / 5,4 1.59 0.09 

Table 6. RNA cleaned with Qiagen Kit 

 

According to kit guidelines and the advice from different lab groups who 

deal with RNA extraction in Biology and Biochemistry Department, I 

stopped the RNA extraction protocol after the chloroform step and started 

the cleanup procedure after transferring the upper layer (Figure 12) - 

containing the RNA only - into the column-based kits. Unfortunately, this 

procedure did not show any valuable results compared to the previous one. 
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Seeing as that  I could not get A260/A280 and A260/A230 ratios that meet 

Nanopore recommendation – both ratios should be 1.9 or higher - I did not 

proceed with cDNA prep and sequencing. 

 
Figure 12. The upper layer containing the RNA after the Chloroform addition to Trizol 

 

Human cancer samples 
 

Preliminary data 

 
Thanks to the tight collaboration with the Surgical Department of Bath 

Hospital I collected many surgical human fresh samples from different 

malignancies. The collection started on January 2019 and it’s still ongoing; 

so far, 56 fresh (Table 7) cancer samples have been gathered with 

information ranging from histopathology classification to the clinical 

history of the patient.  

 

Patient information Sample Information 

  
Before 

Dissociation After Dissociation 

ID 
Patient 

No 
Age Gender Disease Surgery 

No of 
Pieces  

Tumour Size 
Cells 

Viability 

3781125 2 89 M Pancreas Ca 23/01/2019 2 2,0x1,0x0,4 32% 

3724198 3 89 F Pancreas Ca 31/01/2019 1 0.5x0.5x0.5 49% 

3584482 4 44 M Colon Ca 04/02/2019 3 3,0x1,5x0,3 54% 

3673625 5 67 M Pancreas Ca 04/02/2019 1 0.8x0.7x0.5 46% 
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3806386 6 81 M Colon Ca 06/02/2019 2 1,5x1x0,5 58% 

2561882 7 65 F Colon Ca 07/02/2019 2 1.5x1x0.5 40% 

2619018 8 75 F Colon Ca 13/02/2019 2 1,2x0,5x0,2 67% 

2675091 9 84 F Colon Ca 14/02/2019 3 1,3x0,5x0,3 70% 

71665 10 69 M Colon Ca 18/02/2019 2 1,3x0,5x0,2 34% 

3812459 11 89 M Colon Ca 21/02/2019 2 0,8x0,5x0,2 45% 

1248000 12 59 F Colon Ca 25/02/2019 2 1,1x0,5x0,1 47% 

1064127 13 77 F Colon Ca 27/02/2019 5 1,5x0,8x0,6 44% 

340884 14a 88 F Pancreas Ca 28/02/2019 3 1,0x1,0x0,2 70% 

340884 14b 88 F Pancreas NT 01/03/2019 3 1,5x1,2x0,6 18% 

3810932 15a 77 M Colon Ca 28/02/2019 2 0,5x0,6x0,2 54% 

3810932 15b 77 M Colon NT 28/02/2019 2 1,0x0,5x0,3 41% 

6785256 16a 79 F Colon Ca 04/03/2019 2 0,8x0,7x0,3 48% 

6785256 16b 79 F Colon NT 04/03/2019 2 1,3x0,5x0,3 43% 
Table 7. Snapshot of the first 16 fresh samples collected.  

 

As partially reported by the snapshot above (Table 7), samples collected 

include mainly colon cancer but pancreatic and gastric cancer as well. 

Intriguingly, a rare rectum melanoma sample has been collected and an 

internal debate is open within about what methods and experiment perform 

to best interrogate the sample. 
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Pancreatic cancer  
 

 

Mice models 

 
LSL-KrasG12D Trp53lox/+ Pdx1-Cre 

mice models, as other LSL-KrasG12D 

models, developed a well-

differentiated pancreatic cancer. After 

Hematoxylin and Eosin (H&E) 

staining, histological analysis 

revealed that the tumours in this study 

were carcinomas, predominantly 

ductal adenocarcinomas (PDAC), 

defined by the presence of neoplastic 

glandular (ductal) cells in a dense 

fibrous stroma (Figure 13). As a 

comparison, we also stained a healthy 

area of the pancreas (Figure 14) with 

a visible Langherans island in the 

middle. 

  

Figure 13. Pancreatic cancer tissue 

Figure 34. Normal pancreatic tissue 
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Pancreatic cancer organoids 
 

Incubated cells from pancreatic 

mouse models, embedded in Matrigel 

Growth Factor Reduced medium, 

started developing organoids - 

defined as a three-dimensional (3D) 

cellular cluster derived exclusively 

from primary tissue - after 5 days 

from pancreatic cancerous cells 

(Figure 15) and adjacent normal 

pancreatic tissue (Figure 16). In our 

initial experiment, we expect the outgrowth of normal pancreas organoids 

together with those derived from 

cancerous cells; therefore, the 

discriminating selection of only 

cancerous-derived organoids with 

different mediums, IHC and DNA 

sequencing to check the carrying 

mutations will be paramount. Using 

previously published culture 

conditions [18], normal pancreas duct 

organoids stopped proliferation within 

3 months [19] but the medium change recommended by Mihara et al [20], 

enabled a stable culture of organoids for over 8 months. 

 

 

Bar = 100 um 

Figure 15. Organoids from Pancreatic tumour 

Bar = 100 um 

Figure 16. Organoids from healthy tissue 
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Discussion 
 

The oncoimmunology conundrum 

 
Recent years have witnessed significant conceptual advances in our 

understanding of cancer and many compelling demonstrations of the 

therapeutic potential of immuno-oncology have been carried out. Tumour 

immune response is emerging as both as a diagnostic target [21] and 

promising prognostic marker [22] in different malignancies. Nowadays, it’s 

well-established that CD4+ and CD8+ cells play a pivotal anti-tumour role 

[23–26] and cancer immunotherapies such as immune checkpoint inhibitors, 

have shown beneficial effects in patients diagnosed with different 

neoplasms [27–29]. All cells collected and stored so far from colon cancer 

mice and human samples are a highly valuable source in interrogating the 

tumour microenvironment. However, our ability to understand mechanisms 

of action to predict efficacy is confounded by the heterogeneous 

composition of immune cells within tumours, phenomenum presumably 

driven by intra-tumour competition and selection by both 

chemotherapeutics and host’s immune response [30,31]. Furthermore, 

positive clinical outcomes have been reported from the adoptive transfer of 

ex-vivo-expanded autologous TILs in melanoma and cervical cancer 

[32,33] but unfortunately, a large fraction of patients does not respond or 

cease to respond to the anti-cancer drugs that release the immune “block” - 

e.g. PD-1 checkpoint inhibitors with a poorly understood mechanism [34–

36]. Treatment failure might be inferred by the lack of effective antigen 

presentation, a low number of immunogenic antigens and/or the expression 

of alternative immune checkpoint presentation [37]. For this purpose, I am 

setting out to assess the feasibility of an individual patients platform for the 
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co-culture of tumour organoids and autologous T cells. Tumour organoids, 

established from needle biopsies and/or surgical resections, are three-

dimensional primary tumour cell cultures able to retain the mutational and 

histological characteristics of the original tumour [38]. With organoids 

created, we want to investigate whether tumour-reactive T cells, achieved 

by co-culturing tumour organoids and peripheral blood cells (PBLs) can be 

used to evaluate the tumour cell killing efficacy. In our study, the use of 

bone marrow and the following differentiation into mononuclear cells such 

as T cells, monocytes and NK cells, provided an easily accessible alternative 

to the peripheral blood isolated TILs.  

For patients with a primitive positive response to immune checkpoint 

inhibitors therapies but with a following relapse, the establishment of co-

cultures of paired biopsies of PBMc and tumour before and after 

metastatization event might represent a one-of-a-kind assay system for the 

functional investigation of the underlying reason of relapse. Recently, such 

approach in a small set of patients affected by melanoma who relapsed on 

anti-PD1 treatment has shown remarkable power reporting the identification 

of JAK1/2 mutations as one cause of relapse [39]. Lastly, the parallel culture 

of tumour organoid and T cells in the presence or absence of drugs of interest 

could provide a straightforward assessment for the identification of suitable 

candidates for combined immunotherapies.  
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