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 Adoptive Cell Transfer (ACT) is a new type of immunotherapy that 

relies on boosting the ability of natural T cells to kill tumor cells. The 

aim of this study is to determine the effect of ACT and/or Sorafenib on 

colon cancer growth in vitro and on angiogenesis in vivo. HCT 116 and 

p53-/- cells were cultured in vitro and treated with different 

concentrations of either CD8 T cells isolated the PBMC of 2 healthy 

individuals or Sorafenib. The effect of both treatments on both cell lines 

was assessed using MTT. Colon cancer was induced using DMH 

injections in Balb/c. The mRNAs from the homogenized colonic tissues 

of chemotherapeutic and immunotherapeutic-treated mice were 

transcribed and quantified using RT-PCR. Results show that the IC50 of 

Sorafenib against HCT 116 and HCT 116 p53-/- cells was 50 and 35 

µM, respectively. The IC50 of CD8 T cells in both cell lines was 10:1. 

In vivo, Sorafenib and/ or ACT significantly decreased the expressions 

of c-MYC (12-16 folds, p value <0.01), cyclin-D1 (18 folds, p value 

<0.001), PDGF-β (5-7 folds, p value <0.05), PDGF α (2-4 folds, p value 

<0.01) and β (3-6 folds, p value <0.001) receptors as compared to the 

untreated mice. Treatments significantly increased the expressions of 

CDC-4 by around 3 folds (p value <0.05) and non-significantly elevated 

the expressions of caspase-9 by 0.5 folds (p value >0.05) as compared to 

untreated mice. ACT can be used as a substituent or an adjunct to 

chemotherapy in colon cancer treatment. 
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1. INTRODUCTION 

Colon cancer is one of the most common types of cancers worldwide affecting both male and females [1]. 

There are several environmental and genetic factors implicated in colon cancer development and 

progression [2]. Deaths resulting from this type of cancer were mainly linked to the development of 

resistance to various treatment methods [3]. Despite the work that was done to understand the different 

aspects of colon cancer in relation to disease progression, diagnosis, and treatment, adverse health results 

were still observed among patients especially those treated at progressive stages of the disease [4]. There 

are several pathways implicated in colon cancer progression [4]. The platelet-derived growth factor/platelet-

derived growth factor receptor (PDGF/PDGFR) pathway is a significant signaling pathway involved in 

angiogenesis using surrounding vasculatures, drug resistance, and metastasis [5]. This pathway is critical 

for the normal development of mesenchymal cells. PDGF affects the proliferation, survival, and tissue 

metastasis of cancer cells [5]. Two tyrosine kinase receptors, PDGFR alpha (PDGFRα) and PDGFR beta 

(PDGFRβ), and five ligands (PDGF-AA, PDGF-BB, PDGF-AB, PDGF-CC and PDGF-DD) are involved in 

the PDGF/PDGFR angiogenic signaling pathway. This pathway play a role in malignant transformation 

through the recruitment of various types of cells such as stromal cells to the tumor environment, thus aiding 

in enhancing tumor growth and activating tumor angiogenesis and metastasis. Since PDGF signaling can 

also lead to an increase in interstitial fluid pressure (IFP) in most solid tumors, several chemotherapeutic 

treatments included the inhibition of PDGF signaling to increase the efficacy of cancer cells elimination or 

inhibition [5]. CDC-4 (also known as FBXW7), a tumor suppressor gene located on human chromosome 

4q, encodes the substrate recognition components of SKP1-Cullin1-F-box protein ubiquitin E3 ligase 

complexes [2, 6]. The encoded complexes play a vital role in negatively regulating the intracellular amount 

of various key oncogenic proteins. Therefore, the loss of CDC-4 function results in oncogenesis and colon 

cancer progression due to the accumulation of its corresponding substrates [2]. Caspase-9 is the main 

member of caspase family in inducing endogenous apoptotic pathway [7]. It was evidenced that caspase-9 

mediated apoptosis might reflect the susceptibility of cancer cells to chemotherapy drugs since caspase-9 

suppression is one of the mechanisms followed by cancer cells to escape apoptosis [8]. c-MYC is a proto-

oncogene involved in cell cycle, survival, protein synthesis, and cell metabolism. It was proposed that c-

MYC gene is usually over-expressed in both sporadic and colitis-associated colon adenocarcinomas. c-

MYC is associated with colon cancer progression and poor prognosis of colon cancer patients [9]. Cyclin-

D1 is a proto-oncogene and a major regulator of cell proliferation and generation of tumor cells. The 

expression of cyclin-D1 is over-regulated in colon cancer cells [10]. 

 

Various types of immunotherapeutic treatments were used to eliminate cancer cells [11]. CD8 T cells are 

immune cells that play a critical role in cancer elimination and immunoediting in our body [12]. Adoptive 

Cell Transfer (ACT) is a new type of immunotherapeutic treatments that relies on boosting the natural 

ability of CD8 T cells to fight cancer. The latter is performed through isolating cancer-specific CD8 T cells 

in vitro and then re-injecting them to treat the same type of cancer in vivo [13]. It was proposed that 

naturally occurring cytotoxic CD8+ T cells can eliminate metastatic gastrointestinal cancers in vivo despite 

the limitations due to the low number of tumor specific CD8 T cells [14]. Moreover, chemotherapy prior to 

CD8 T cell therapy was able to boost the effectiveness of anticancer CD8 T cells in vivo; the latter suggests 

that immunotherapy may be used as an adjunct to chemotherapy in cancer treatment [15]. Sorafenib is a 

tyrosine kinase inhibitor used in chemotherapeutic treatment of various types of cancers including colon 

cancer. The mechanism of action of this drug relies on its ability to kill tumor cells via inhibiting various 

angiogenic pathways involved in cancer progression and metastasis, such as mitogen- activated protein 

kinase (MAPK) signaling pathways, vascular endothelial growth factor receptor (VEGFR), Platelet-derived 

growth factor receptor (PDGFR) and Raf family kinases [16]. The aim of this study is to determine the 

effect of ACT and/or Sorafenib on inhibiting the growth of colon cancer cell lines in vitro and angiogenesis 
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in vivo. To our knowledge, this is the first study to target the effect of ACT on the expression of genes 

associated with PDGF/PDGFR pathway in colon cancer in vivo and to compare the effect of CD8 T cells to 

Sorafenib on inhibiting the growth of colon cancer cell lines in vitro. 

 

2. Methods 

 

2.1 In Vivo 

2.1.1 Colon Cancer Induction 

A total of 36 female Balb/c mice (6 weeks old) were used in this study (6 groups; group 1 includes the 

normal control). The 5 other groups received intraperitoneal injections with 1, 2-dimethylhydrazine 

(ACROS OrganicsTM, Thermo Fisher Scientific, USA) at 20 mg/kg body weight over a period of 12 

consecutive weeks to induce colon cancer in vivo [23]. One week after the last DMH injection, 6 mice were 

fasted overnight, then sacrificed and their spleens and lymph nodes were excised to isolate CD8+ T cells. 

After treating and dissecting all mice groups, the entire large intestines were excised from the six groups to 

determine the effect of the treatment of gene expression. 

 

2.1.2 CD8 T cell Culture 

Spleens in addition to inguinal, mesenteric and axillary lymph nodes were excised from the DMH injected 

Balb/c mice. The single-cell suspensions isolated from these tissues were pooled, filtered using a 40 µm cell 

strainer (Fisher), and counted. Splenic and lymph node CD8+ T cells were isolated and enriched by 

negative selection using Mojosort Mouse CD8 T cell Isolation Kit (cat no 480035, BioLegend, USA), 

Mojosort Buffer 5x (cat no 480017, BioLegend, USA) and Mojosort Magnet (cat no 480020, BioLegend, 

USA) according to manufacturer’s protocol. The purity of cells was assessed via Flow cytometry using anti-

CD8-APC (clone 53-6.7, BioLegend, USA), anti-CD4-FITC (clone GK 1.5, BioLegend, USA), and anti-

CD19- PerCP/Cyanine5.5 (clone 1D3, BioLegend, USA). CD8 T cells were plated into 6-well plates 

(Thermo Fisher Scientific) coated with 0.5 µg/mL purified anti-mouse CD3 (cat no 100301, BioLegend, 

USA) and 5 µg/mL Purified anti-mouse CD28 (cat no 102101, BioLegend, USA) in PBS (5 mL/well) 

overnight at 4oC. The CD8+ T cells were cultured (5 x 106 per well) for 3 consecutive days in presence of 

0.5 ng/mL of Recombinant Mouse IL-7 (cat no 577804, BioLegend, USA) and 30 U/mL of Recombinant 

Mouse IL-2 (cat no 714604, BioLegend, USA). On day 3, cells were harvested from the wells, resuspended 

in the medium, subcultured in a 6-well plate at 1x106 cells/5 ml/well in the presence of fresh medium 

containing all supplements and IL-2 and IL-7; the latter was repeated twice. On day four, cells were 

harvested and used for adoptive transfer 2 weeks following the last DMH injection as shown in Table I. 

 

Table I. Experimental Design. All mice treatments were given 2 weeks after the final DMH injection and 

continued for 5 consecutive days. 

Group A Normal control (no injections). 

 

Group B 

DMH-injected Group: DMH intraperitoneal injections (20 mg/Kg) once per 

week over 12 weeks. The tumor specific CD8 T cells were obtained from this 

group. 

Group C Vehicle-treated Group: oral DMSO by gavage. 

 
Group D 

Chemotherapeutic-treated Group: oral Sorafenib Tosylate (cat no 1100200013; 

Eton Bioscience Inc) treatment (30 mg/kg) by gavage. 
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Group E 

CD8 T cell- treated Group: CD8 T cell tail IV injections at 10 x 106 cells per 

mouse. 

 

Group F 

Sorafenib + CD8 T cell-Treated Group: received oral Sorafenib Tosylate treatment 

at 30 mg/kg in combination with CD8 T cell IV injections at 10 x 106 

cells per mouse. 

 

2.1.3 Quantification of signaling gene expressions by RT-PCR 

Total RNA was extracted from colon homogenates using the Direct-zol RNA Miniprep (cat no R2051, 

Zymo Research, USA) according to the manufacturer’s protocol. The purity and integrity of the eluted RNA 

samples were checked via gel electrophoresis and quantified using DeNovix (Blue) DS-11 

Spectrophotometer (DNA-RNA Quantification) at 260 nm absorbance. RNA was transcribed using the 

QuantiTect® Reverse Transcription Kit (cat no 205311, QIAGEN, USA) according to manufacturer’s 

protocol. The cDNA obtained was stored at –70 °C for later use. The primers used to quantify the 

expression levels of CDC-4 (Forward (F): 5’-ACCAGCTCTCCTCTCCATTCT-3’ and Reverse (R): 5’- 

CAACTTCTCTGGTCCGCTCC-3’ [37]), Caspase-9 (F:  5’-AGTTCCCGGGTGCTGTCTAT-3’, R:  5’-

GCCATGGTCTTTCTGCTCAC-3’[38], c-MYC (F: 5’-TAGTGCTGCATGAGGAGACA-3’; R: 5’- 

GGTTTGCCTCTTCTCCACAG-3’[39]), cyclin-D1 (F: 5’-GGCACCTGGATTGTTCTGTT-3’; R: 5’- 

CAGCTTGCTAGGGAACTTGG-3’ [39]), PDGF-beta (F: 5’-TGGAGTCGAGTCGGAAAGCT-3’, R: 5’- 

GAAGTTGGCATTGGTGCGAT-3’ [40]), PDGF-β Receptor (F: 5’-GCACCGAAACAAACACACCTT- 

3’; R: 5’-ATGTAACCACCGTCGCTCTC-3’[40]), and PDGF-α Receptor (F: 5’- 

GAGACCCTCCTTCTACCACCT-3’; R: 5’-GTTGTCAGAGTCCACACGCAT-3’[40]) were purchased 

from Macrogen, South Korea. Gene quantification was performed by RT-PCR using 5x HOT FIREPol® 

EvaGreen qPCR Mix Plus (no ROX) (cat no 08-25-00001, Solis BioDyne, Estonia) according to 

manufacturer protocol. Each RT-PCR was performed in triplicate for yield validation. Gene expression was 

measured by comparative threshold cycle (Ct) method using glyceraldehyde-3 phosphate dehydrogenase 

(GAPDH) as a reference gene; F:5’-TGGTGCTCAGTGTAGCCCAG-3’ and R: 5’- 

GGACCTGACCTGCCGTCTAG-3’ [41]. For each gene, the mean Ct (mCt) values were determined. The 

relative quantity of gene of interest expression compared to GAPDH gene was calculated applying the gene 

dosage ratio formula (GDR = 2−ΔΔCt) where: 

ΔΔCt = (mCt gene of interest − mCt GAPDH) control sample − (mCt gene of interest – mCt GAPDH) test 

sample. 

 

2.2 In vitro 

2.2.1 Treatment of colon cancer cell lines with CD8 T cells 

Peripheral blood mononuclear cells (PBMCs) were separated from the peripheral blood of 2 healthy 

volunteers. PBMCs were cultured in RPMI1640 media containing 10% FBS. Following removal of non- 

adherent cells, Recombinant mouse GM-CSF protein (Active) (ab259385; 500 ng/ml; abcam) and IL4 (12.5 

ng/ml; Biolegend) were added to induce the development of PBMCs into DCs. Colorectal cancer cell 

lysates (HCT 116 and HCT 116 P53-/-) and human tumor necrosis factor-α (TNFα; 50 ug, SRP3177; Sigma 

Aldrich) were added at day 5, and mature DCs were harvested from day 7 to day 10. The growth status of 

cells was observed daily using an inverted microscope. CD8 T cells were separated from PBMC of the 

same healthy volunteers via Mojosort Magnet (Biolegend) and cultured in vitro. Cancer lysate-loaded DCs 

and CD8 T cells were co-cultured in 96well plates in a 1:1 ratio. Following co-culture for 72 h, cells were 

counted via Trypan Blue method. CD8 T cells were induced following co-culture with DCs for 72 h. CD8 T 

cells (effectors) and tumor cells (targets) were co-cultured at a ratio of 5:1, 10:1 and 15:1 for 16 h in 96-well 

plates. The killing capacity of CD8 T cells was detected using an MTT assay at 595 nm. 
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2.2.2 Treatment of colon cancer cell lines with Sorafenib 

Colon cancer cell lines were cultured in a 96-well plate and treated with different concentrations of 

Sorafenib. Moreover, the colon cancer cell lines, HCT 116 and HCT 116 p53-/-, (after reaching 80% 

confluency) were seeded in 96 well plate for the MTT assay for 24 hrs at 37˚C in 5% CO2 incubator. 

Seeded cells were treated for 24 hrs with Sorafenib at different concentrations (10-75 µM). After 24 hrs of 

incubation, the cells in each well were counted using hemocytometer and the light absorbance by those cells 

was detected using a spectrophotometer at 595 nm for the MTT assay. 

 

2.3 Statistical Analysis 

All statistical analyses were performed using Microsoft Excel and SPSS 25, and they are shown as mean 

with standard deviations. Statistical significance was assessed using One-way ANOVA test followed by T- 

test. Graphs were drawn by GraphPad prism software and statistical significance was reported with a p-

value < 0.05 considered as significant. 

  

3. FINDINGS 

 

I. In Vivo 

3.1 Effect of Sorafenib and CD8 T cell treatment on Gene expression levels 

3.1.1 Effect of Sorafenib and CD8 T cell treatment on Gene expression levels of PDGF and PDGFR 

The effect Sorafenib, CD8 T cell or their combination on the expression levels of the ligand PDGF-β and its 

α and β receptors was analyzed in all experimental groups (Figure 1). DMH (Group B) induced a significant 

increase in PDGF-β expression levels by 5.7 folds, p value= 0.017) compared to normal control as seen in 

Figure 1A. DMSO, the vehicle used to dissolve Sorafenib, induced further significant increase in CRC mice 

(Group C) of 7.5 folds (p value= 0.017) compared to the normal group. Treatment with Sorafenib, CD8 T 

cell or their combination (Groups D, E and F) induced significant decrease in PDGF-β expression levels by 

5.85 folds (p value= 0.006), 5.97 folds (p value= 0.015), and 7.43 folds (p value= 0.017), respectively 

compared to the untreated CRC mice (Group C). 

 

Similar results were obtained with both the α and β receptors gene expression. DMH alone (Group B) and 

CRC mice administered the DMSO (Group C) exhibited a significant increase in PDGF-β receptor by 10.12 

folds (p value= 0.001) and 16.18 folds (p value= 0.0001) as compared to normal group (Figure 1). 

Sorafenib, CD8 T, or their combination (Groups D, E and F) induced a significant decrease in the 

expression of PDGF- β receptor by 3.92 folds (p value= 0.0001), 3.87 folds (p value= 0.0001), and 6.4 folds 

(p value= 0.001), respectively as compared to untreated CRC group (Group C). 

 

Likewise, a significant increase in the expression of PDGF-α receptor was noticed among Groups B and C 

by 2.44 folds (p value= 0.013) and 4.23 folds (p value = 0.015) respectively as compared to normal group 

(Fig 1). Treatment with Sorafenib, CD8 T cell or their combination (Groups D, E and F) induced a 

significant decrease in PDGF-α receptor expression levels by 3.97 folds (p value= 0.004), 1.98 folds (p 

value= 0.005), and 4.16 folds (p value= 0.012) respectively as compared to untreated CRC group (Group 

C). 
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Figure 1. Effect of CD8 T cell therapy in presence or absence of Sorafenib on the expression levels of 

PDGF-beta, PDGF-beta receptor and PDGF-alpha receptor in colon tissues of all experimental mice groups. 

Expression levels of treated and control groups were normalized to their respective GAPDH. Fold 

expression was determined relative to the control. All bars represent mean of three determinations ± SD. 

(*), (**), and (***) on bars and on lines drawn upwards, that represent inter-categorical statistical 

significance, correspond to p<0.05, <0.01, and <0.001, respectively. 

 

3.1.2 Effect of Sorafenib and CD8 T cell treatment on the expressions of c-MYC and cyclin-D1 proto-

oncogenes 

The expression levels of c-MYC increased 9.3 folds (p value= 0.003) in DMH-induced CRC mice (Group 

B) compared to the normal control group (Group A) as shown in Figure 2. DMSO also induced significant 

increase in the c-MYC expression (Group C) by 17.4 folds (p value= 0.011) compared to normal mice. 

Treatment with Sorafenib (Group D), CD8 T cell therapy (Group E) or their combination (Group F) induced 

significant decrease in c-MYC expression by 12.29 (p value= 0.004), 14.7 (p value= 0.003), and 16.49 (p 

value = 0.011) folds, respectively as compared to untreated CRC mice (Group C). 

 

Similar results were obtained with cyclin-D1 gene expression. DMH and DMSO (Groups B and C) induced 

significant increase in cyclin-D1 expression levels by 16.3 (p value= 0.006) and 19.1 (p value= 0.003) folds 

respectively as compared to the normal group (Group A) (Figure 2). However, Sorafenib and/or CD8 T cell 

therapy (Groups D, E, and F) significantly decreased the expression levels of cyclin-D1 to 18.6, 18.1, and 
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18.7 folds (p values= 0.0001 each), respectively as compared to untreated CRC mice control (Group C). 
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Figure 2. Effect of CD8 T cell therapy in presence or absence of Sorafenib on the expression levels of 

proto-oncogenes c-MYC and cyclin-D1 in colon tissues of all experimental mice groups. Expression levels 

of treated and control groups were normalized to their respective GAPDH. Fold expression was determined 

relative to the control. All bars represent mean of three determinations ± SD. (*), (**), and (***) on bars 

and on lines drawn upwards, that represent inter-categorical statistical significance, correspond to p<0.05, 

<0.01, and <0.001, respectively. 

 

3.1.3 Effect of Sorafenib and CD8 T cell treatment on the expression levels of caspase-9 and CDC-4 

tumor suppressor genes 

No significant effect on the expression of caspase-9 was observed among the different groups compared to 

control. DMH and DMSO induced insignificant decrease in caspase-9 expression in (Groups B and C) by 

0.5 folds (p value= 0.126, and 0.170, respectively) compared to the normal group (Group A) (Figure 3). 

Sorafenib and/or CD8 T cell therapy (Groups D, E, and F) induced non-significant increase in the 

expression levels of caspase-9 by 0.7 (p value= 0.064), 0.15 (p value= 0.372), and 0.88 (p value= 0.051) 

folds, respectively, compared to their untreated control group (Group C). 

 

The effect on CDC-4 expression is shown in Figure 3. DMH (Group B) and vehicle (Group C) treatment 

induced a significant increase in the expression levels of CDC-4 by 0.94 (p value= 0.010) and 0.59 (p value 

= 0.011) folds, respectively compared to the normal control (Group A). Upon comparing CRC mice treated 

with the Sorafenib and/or CD8 T cell therapy (Groups D, E and F) to untreated CRC mice (Group C), a 

significant increase in CDC-4 expression levels by 2.53 (p value= 0.0001), 2.26 (p value=0.014), and 4.6 (p 

value= 0.020) folds, respectively was obtained. 
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Figure 3. Effect of CD8 T cell therapy in presence or absence of Sorafenib on the expression levels of 

tumor suppressor genes (caspase-9 and CDC-4) in colon tissues of treated mice. Expression levels of treated 

and control groups were normalized to their respective GAPDH. Fold expression was determined relative to 

the control. All bars represent mean of three determinations ± SD. (*) and (***) on bars and on lines drawn 

upwards, that represent inter-categorical statistical significance, correspond to p<0.05 and <0.001, 

respectively. 

 

II. In vitro 

3.2 CD8 T cell Treatment against colon cancer cell lines 

The CD8 T cells were co-cultured with colon cancer cell lines, HCT 116 and HCT 116 p53-/-, in three 

ratios 5:1, 10:1 and 15:1 CD8 to colon cancer cells. In both cell lines, the IC50 of CD8 T cells was 

significantly achieved at a ratio of 10:1 CD8 T cells to colon cancer cells (p value= 0.038 and 0.006 in HCT 

116 and HCT 116 p53-/-, respectively) (Figure 4). The 5:1 CD8 T cell to colon cancer cells ratio resulted in 

survival rate of 74.04% in HCT 116 cell lines (p value= 0.09) and 78.69% in HCT 116 p53-/- (p value= 

0.06). Moreover, the 15:1 ratio showed a survival rate of 25.7% among HCT 116 cells (p value= 0.029) and 

20.11% among HCT 116 p53-/- cells (p value= 0.006). 
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Figure 4. The killing capacity of different concentrations of CD8 T cells against HCT 116 and HCT 116 

p53-/- colon cancer cells using MTT assay. All bars represent mean of three determinations ± SD. (*) and 

(**) on bars and on lines drawn upwards, that represent inter-categorical statistical significance, correspond 

to p<0.05 and <0.01, respectively. 

 

3.3 Sorafenib Treatment against colon cancer cell lines 

The ability of different concentrations of Sorafenib to kill colon cancer cells (HCT 116 and HCT 116 p53-/- 

) was assessed in vitro. Sorafenib concentration of 15 µM was able to reduce the survival of HCT 116 cell 

lines by 14.46% (p value= 0.018) (Figure 5). Similarly, Sorafenib concentrations of 25, 35, 50 and 75 µM 

significantly reduced the survival of HCT 116 cells by 27.04% (p value= 0.015), 34.33% (p value= 0.0006), 

51.05% (p value= 0.003), and 59.86% (p value= 0.0004), respectively as compared to control cells. 

Therefore, the IC50 of Sorafenib against HCT 116 cell lines was 50 µM. 

 

Similar results were observed in HCT 116 p53-/- whereby Sorafenib concentrations of 15, 25, 35, 50 and 75 

µM were able to decrease the survival rate of HCT 116 p53-/- cells by 15.42% (p value= 0.18), 22.31% (p 

value= 0.07), 43.3% (p value= 0.009), 64% (p value= 0.001), and 73.5% (p value= 0.001), respectively as 

compared to control cells (Figure 5). The IC50 of Sorafenib against HCT 116 p53-/- cancer cell lines was 

35 µM. 
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Figure 5. The killing capacity of different concentrations of Sorafenib against HCT 116 and HCT 116 p53-

/- colon cancer cell lines using MTT assay. All bars represent mean of three determinations ± SD. (*), (**), 

and (***) on bars and on lines drawn upwards, that represent inter-categorical statistical significance, 

correspond to p<0.05, <0.01, and <0.001, respectively. 

 

4. Discussion 

Colon cancer progression occurs as a result of multiple mutations at the level of tumor-suppressor genes 

and oncogenes [17]. The platelet-derived growth factor/ platelet-derived growth factor receptor (PDGF/ 

PDGFR) pathway is a significant signaling pathway involved in tumor angiogenesis using surrounding 

vasculatures, drug resistance, and metastasis [18]. Two tyrosine kinase receptors, PDGFR alpha (PDGFRα) 

and PDGFR beta (PDGFRβ), and five ligands (PDGF-AA, PDGF-BB, PDGF-AB, PDGF-CC and PDGF-

DD) are involved in PDGF/ PDGFR angiogenic signaling pathway [19]. Upon binding of PDGF ligands to 

PDGF tyrosine kinase receptors; the latter will become phosphorylated. The phosphorylation of PDGFR 

will result in: a. the activation of various pathways (RAS/RAF/MEK/ERK pathway and PI3K/AKT/mTOR 

pathway) that lead to the transcription of c-MYC and cyclin-D1 involved in cell cycle activation and cancer 

proliferation in addition to the inhibition of apoptotic pathways involving caspase-9, caspase-3 and CDC-4 
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[20]. In this study, we analyzed the effect of Sorafenib, CD8 therapy and their combination on the 

expression of these genes. The role of proto-oncogene c-MYC in cell cycle control, apoptosis, DNA 

metabolism and dynamics, energy metabolism and macromolecular synthesis and its up-regulation in colon 

cancer have been investigated in several studies [21]. Cyclin-D1 is also a proto-oncogene known to be over-

expressed in colon cancer cells resulting in an unchecked cell cycle progression, a high proliferation rate, 

and ultimately a more malignant phenotype [22]. Caspase-9 is a tumor suppressor gene known to induce 

apoptosis of colon cancer cells [23]. Caspase-9 is deregulated in colon cancer as an escape mode followed 

by cancer cells to escape apoptosis [8]. CDC-4 is another tumor suppressor gene known to be down-

regulated in colon cancer cell progression [2]. Since PDGF signaling can also lead to an increase in 

interstitial fluid pressure (IFP) in most solid tumors, several chemotherapeutic treatments included the 

inhibition of PDGF signaling to increase the efficacy of cancer elimination/ inhibition [5]. A study 

conducted by used the tyrosine kinase inhibitor, Imatinib, to inhibit PDGF/PDGFR pathway, the caspase-9 

pathway was then activated enhancing gastric cancer cells’ apoptosis in vitro [20]. Immunotherapy is one of 

the advanced anticancer treatments nowadays after surgery and chemotherapy [11]. An in vitro study on 

HCT116 and SW480 cells suggested that the activation and generation of 90K-specific cytotoxic T 

lymphocytes using 90K peptide-pulsed dendritic cells could be used as an immunotherapeutic treatment, 

inhibiting colon cancer [24]. Therefore, in this work we aimed to study the effect of Adoptive T cell therapy 

(CD8 T cell) alone and in combination with chemotherapy on PDGF/PDGFR signaling pathway and on the 

expression of oncogenes and tumor suppressor genes (CDC-4, c-MYC, caspase-9 and cyclin-D1) in DMH-

induced colon cancer in Balb/c mice. 

 

Several studies have identified several tyrosine kinase receptors as targets for Sorafenib in 

chemotherapeutic cancer treatment, such as PDGFR [25]. Our study results were consistent with previous 

studies whereby the expression levels of PDGF-beta, PDGF-alpha receptor and PDGF-beta receptor were 

reduced in Sorafenib treated group. However, better results were obtained when Sorafenib was combined 

with CD8 T cells in comparison to either treatment alone. This is also suggested in another study where 

PDGFR kinase inhibitor ST1571 have resulted in apoptosis, inhibited tumor growth and prolonged survival 

in orthotopic murine models of ovarian carcinoma [26]. Moreover, it was also mentioned that specific 

CD8+ T cells are able to provide a steadier and stable phase of protection to patients with active or at risk of 

recurrent solid tumor [26]. To confirm CRC induction in our study, histological analysis of colonic tissues 

were performed. DMH induced structural abnormalities in the Lieberkühn glands and goblet cells depletion. 

Severe leukocyte infiltration in the lamina propria, and neoplastic cells of gland-like structures called 

lymphoid follicles accompanying cystic dilation were observed. Upon treatment of CRC mice with either 

Sorafenib, CD8 T cells or their combination restored the normal architecture of the colon tissue (results 

published in an accepted manuscript). In our study, mice receiving DMH (Group B) and vehicle/DMH 

(Group C) showed significant upregulations in the expression levels of c-MYC and cyclin-D1 in addition to 

downregulations in the expression levels of caspase-9 and CDC-4 compared to normal mice (Group A). Our 

results are consistent with other studies inregards to cyclin-D1, CDC-4, c-MYC and caspase-9 expression 

levels in untreated CRC mice versus healthy Balb/c mice. Several anticancer therapies targeted these genes 

to inhibit or slow down the progression of colon cancer cells [27]. 

 

Our findings also showed that the administration of Sorafenib and CD8 T cell induced a significant 

decrease in the expression levels of c-MYC. However, the combination of both Sorafenib and CD8 T cell 

treatment was more potent and significant in reducing the expression of c-MYC. Several studies were 

consistent with the reduced expression of c-MYC upon chemotherapeutic treatment in different types of 

cancer, especially in hepatocellular carcinoma [28]. Moreover, an in vivo study showed that mice 

immunized with human c- MYC protein and c-MYC derived non-homologous peptides obtained a c-MYC-
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specific CD4+ and CD8+ T-cell response suggesting that oncogenic c-MYC can be targeted with specific 

T-cells [29]. In vivo studies on the antitumor activity of Sorafenib in patient derived Hepatocellular 

carcinoma (HCC) xenografts revealed that Sorafenib treatment moderately decreased the expression levels 

of cyclin-D1 [30]. This is consistent with our results where significant decrease in cyclin-D1 expression 

was elicited in Sorafenib treated mice and in mice treated with both Sorafenib and CD8 T cells. CD8 T cell 

treatment was also able to give results similar to Sorafenib in terms of its effect cyclin-D1 expression. 

These results confirm the study performed on the effect of CD8 T cells on cyclin-D1 in Mantle cell 

lymphoma where cyclin-D1 was considered a potentially important antigen for immunotherapy of MCL 

[31]. It is also obvious from our obtained findings that the expression of caspase-9 was significantly 

decreased in DMH mice and those administered DMSO. However, caspase-9 expression was restored upon 

treating the mice with chemotherapeutic drug (Sorafenib) and the combined treatment of both CD8 T cells 

and Sorafenib. This increase in the expression of caspase-9 was also noticed among CRC mice treated with 

CD8 T cell alone. This result is in compliance with other studies confirming the role of Sorafenib in 

enhancing tumor cell apoptosis by activating caspase-dependent pathways [32]. 

 

CDC-4 expression was shown to be slightly increased in the untreated CRC mice group as compared to 

normal group. Vehicle administration (Group C) induced a decrease in the level of CDC-4 as compared to 

the DMH group (Group B). Sorafenib treatment resulted in further increase in the expression of CDC-4. 

This is consistent with various studies where Sorafenib increases the expression levels of CDC-4 [33]. 

Although the effect of CD8 T cells on CDC-4 was not advanced in previous studies, CD8 T cell treatment 

alone or in combination with Sorafenib was also able to increase the expression of CDC-4 as shown in our 

study. Interestingly, our study is the first to demonstrate the in vivo effect of CD8 T cells alone or in 

combination with Sorafenib on the expression of oncogenes, tumor suppressor genes, and the 

PDGF/PDGFR in DMH- induced colon cancer in Balb/c mice. We also studied the effect of CD8 T cells 

and Sorafenib on colon cancer cell lines (HCT 116 and HCT 116 p53-/-) in vitro using MTT assay. 

Dendritic cells were used to activate CD8 T cells against cancer cell lysates. The primary function of 

dendritic cells 1 (DC1) is to enhance immunity via the stimulation of CTLs and hence, the initiation of 

Th1‑immune response. In the same study, dendritic cells were activated against SW480 and SW620 colon 

cancer cell lines in vitro [34]. Activated CTLs kill tumor cells by direct cytotoxicity or by activation of 

naïve CTLs and initiation of Th1type tumor immunoreactions [34]. Also proved that mature dendritic cells 

loaded using cancer cell lysates induce CTL activation, and that activated CTLs had cytotoxic effects 

against cancer cells. This was referred to as dendritic cells vaccines i.e. the most powerful antigen 

presenting cells that may aid in CD8 T cell activation and therefore, resulting in the success of adoptive T 

cell therapy [34]. 

 

Several studies have reported the role of Sorafenib in inhibiting proliferation and activating apoptosis in 

multiple cell lines such as colon, pancreas, melanoma, leukemia, thyroid, malignant glioma, lung, breast, 

and cholangiocarcinoma cell lines [35]. In one of the studies, it was reported that Sorafenib treatment might 

overcome the resistance induced by EGFR to Tyrosine Kinase Inhibitors in colon cancer cell lines [36]. 

Moreover, it was reported that Sorafenib blocks B-RAF in addition to being able to inhibit cancer cell lines 

expressing mutated K-RAS genes [36]. Although the activity of Sorafenib was reported in these multiple 

studies, we tended to detect the relative sensitivities using a simple assay (MTT) in 2 colon cancer cell lines 

(HCT 116 and HCT 116 p53-/-) in order to detect growth inhibition and compare it to that of CD8 T cells. 

In our study, the IC50 of Sorafenib against HCT 116 p53-/- and HCT 116 cancer cell lines was 35 µM and 

50 µM, respectively. The IC50 of Sorafenib detected in this study is somehow higher than that reported in 

other studies against HCT116 (3 μM) (Mazard 2013) and were somehow different than other studies 

reporting IC50 of Sorafenib on HCT 116. The ratios of CTLs to colon cancer cell lines that was used in 
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MTT assay was in reference to the ratio reported by (i.e. 10:1) [34]. Our results showed that the IC50 of 

CD8 T cells in both cell lines was 10:1 CD8 T cells to colon cancer cell lines ratio. It was hard to study the 

effect of a combination therapy of both Sorafenib and CD8 T cells in vitro since the cell lines did not 

survive any concentration and therefore, monitoring growth was not applicable (results not shown). To our 

knowledge, there are no previous data reporting the killing capacity of CD8 T cells on HCT116 (wild and 

mutant) colon cancer cell lines. 

 

5. Conclusion 

In conclusion, due to the side effects caused by various chemotherapeutic drugs including Sorafenib, CD8 T 

cell therapy (also called Adoptive T cell therapy) can be used as a substituent or an adjunct to chemotherapy 

in colon cancer treatment. Further studies are required especially that our sample size was small relatively. 

However, our data may open up future work for using Adoptive immunotherapy in colon cancer treatment 

targeting the PDGF/PDGFR, oncogenes (c-MYC and cyclin-D1) and tumor suppressor genes (caspase-9 

and CDC-4). 
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