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Abstract 
 
 
 

 Cancer is among the leading causes of death worldwide. Early and accurate 

detection is essential as it can effectively attenuate the dismal prognosis of this disease. 

Current screening/detection techniques are limited by issues of sensitivity and specificity, 

in addition to low compliance rates related to their invasive nature. However, the 

detection of intracellular biomarkers in the blood that are specific for carcinoma has the 

potential to address this challenge.  

 In this study, we exploited our knowledge of interactions within the tumor 

microenvironment to identify a potential biomarker for carcinoma. Specifically, we 

investigated the role of monocytes in relation to lung and colorectal carcinoma (CRC). 

We hypothesized that since phagocytosis is a major responsibility of monocytes, tumor 

fragments could be found in the vacuoles of their cytoplasm. Additionally, we 

hypothesized that while most monocytes transform into macrophages once in the tissue, a 

small portion of them may retain monocyte character and return to the circulation after 

having contact with tumor cells. We proposed to utilize a combination of 

immunofluorescence techniques and multi-parameter flow cytometry to test our 

hypotheses. 

 Given that monocytes are a heterogeneous group of cells categorized into 3 main 

subsets, each with distinct functions and phenotypes, we performed a monocyte 

phenotyping experiment to study the quantitative distribution of these subsets in the 

context of cancer. We found that non-classical/patrolling monocytes (CD14dimCD16+) are 



significantly elevated in both lung and colorectal cancer (CRC) patients relative to 

healthy controls. We also found that the percentage of CD14dim monocytes is elevated in 

lung adenocarcinoma patients prior to tumor resection, but significantly diminished 

immediately following surgery to remove the tumor. Perhaps most remarkably, we 

discovered that cytokeratin 20 (CK20) is detectable intracellularly in the CD14dim 

monocytes of colorectal adenocarcinoma patients and to a significantly higher extent 

compared to controls. Although preliminary, these findings suggest that intracellular 

CK20 in CD14dim monocytes in peripheral blood has the potential to serve as a novel 

screening tool for the early detection of colorectal cancer.  
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Chapter I 
 

Introduction 
 

 

 Cancer is among the leading causes of death worldwide. In 2012, there were 14 

million reported cases and 8.2 million cancer-related deaths worldwide (World Health 

Organization, 2016). This year, an estimated 1,685,210 new cases of cancer will be 

diagnosed in the United States alone, with nearly 600,000 U.S. citizens dying from the 

disease (World Health Organization, 2016). Despite significant investment in research, 

cancer remains a major unmet challenge globally.  

Due to the similarities in healthy and diseased tissue and the fact that cancer 

emerges from our own tissues, both detection and treatment are complicated (Chinen, et 

al., 2015). Despite this fact, early detection of this disease often results in a reduced 

mortality rate. For example, lung cancer is responsible for the most cancer related deaths 

worldwide, with 1-and 5-year relative survival rates being 44% and 17%, respectively 

(American Cancer Society, 2016). For patients in the advanced stages of the disease, the 

5-year survival rates for stages III and IV are only between 5-15% and <2%, respectively 

(Chinen, et al., 2015). However, patients who start therapy in the early stages of the 

disease (Stage I) have markedly improved survival rates, with an 80% overall 5-year 

survival rate.  
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Colorectal cancer is the third most frequent cancer in the world (Fernandes, Kim, 

& Matos, 2005). While the average 5-year survival rate of patients with lesions diagnosed 

at early stages (Stage I) is approximately 92%, it drops to a dismal 11% in cases of 

advanced disease (Stage IV) (American Cancer Society, 2016). Better awareness and 

screening methods have increased the number of lesions diagnosed at initial stages. 

Nonetheless, patients commonly go undiagnosed until later stages resulting in poor 

prognoses. Thus, early diagnosis is essential to improving the general survival rates of 

cancer patients. 

 

 
Current Detection Techniques 

 

Currently, clinical detection of cancer relies primarily on imaging techniques such 

as X-Ray, mammography, computed tomography (CT), magnetic resonance imaging 

(MRI), endoscopy, and ultrasound. These techniques, while useful, have low sensitivity 

and are limited in their ability to differentiate between benign and malignant. 

Additionally, morphological analysis of suspected malignant cells by cytology and tissues 

by histology is often not effective at detecting cancer in early stages. Although these 

methods are effective at distinguishing between healthy and diseased cells and/or tissues, 

they generally require taking a biopsy from a suspected tumor that was detected by the 

imaging techniques mentioned above. Therefore, early detection of cancer, especially 

before symptoms arise, clearly presents a major challenge.  

 Since tumor cells are often localized in parts of the body that are hard to access, 

molecular diagnostics of cancer cells rely on invasive procedures to obtain the tissue. 
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Alternatively, the analysis of sparse molecular markers that are shed from tumor cells into 

peripheral circulation has great potential to address this challenge. While these markers 

have been shown to contain valuable information on the molecular state of the cancer that 

can be used for disease diagnostics and monitoring, fundamental challenges of these 

detection modalities have limited their clinical application. For example, the detection of 

soluble protein-based biomarkers, such as PSA (prostate specific antigen) has been limited 

by issues of specificity. Because the biogenesis of soluble protein found in blood cannot 

be determined, diagnostics based on protein detection suffer from high false positive rates 

(Issadore, 2015). Additionally, recent studies have focused on CTCs (circulating tumor 

cells) and ctDNA (circulating tumor DNA) as biomarkers of cancer. However, issues of 

sensitivity in their detection methods have impeded their clinical utility. Nonetheless, the 

high frequency of new cancer cases justifies the continued search for biological markers 

that correlate with the development and prognosis of the disease. With this study, we 

present a hypothesis-driven approach which exploits knowledge of interactions within the 

tumor microenvironment for the discovery of specific biomarkers for the screening of 

carcinoma.  

 

 

Tumor Microenvironment 
  

 For decades, the overarching focus of cancer research has been on the malignant 

cell itself. Consequently, there is a significant discrepancy between the vast knowledge 

generated in experimental settings regarding cancer and the translation of this knowledge 

into information that can be used clinically. Importantly, cancer is not merely a disease 
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with autonomous masses of malignant cells; it is also comprised of multiple cell types that 

actively interact with each other and the surrounding interstitial tissue through cell to cell 

contacts, as well as releasing and responding to soluble factors. Therefore, understanding 

the nature of the tumor microenvironment is not only important, but may offer new insight 

resulting in novel discoveries related to cancer.  

 Macrophages represent the major class of immune cells in the tumor 

microenvironment (Balkwill & Mantovani, Cancer-related inflammation: Common 

themes and therapeutic opportunities, 2012). It is generally accepted that blood monocytes 

are precursors of tissue macrophages. Like macrophages, monocytes are known for their 

role in regulating angiogenesis, their ability to interact directly with endothelia and 

perform housekeeping functions, and their tumor suppressing abilities. For these reasons, 

we focused our research on studying their involvement in both lung and colorectal 

adenocarcinoma. Furthermore, we hypothesized that while most monocytes change their 

phenotype upon adhesion to the endothelium and diapedesis, some retain monocyte 

character within tissues and may re-enter the circulation. The section below describes 

these cells and their functions in greater detail.  

 

 

Monocytes 
  

 Monocytes, a subset of circulating white blood cells, are essential components of 

the immune system (Doseff & Parihar, 2012). These cells are involved in a diverse array 

of homeostatic processes ranging from the mediation of host anti-microbial defense to 

tissue turnover. They are also implicated in inflammatory diseases including cancer. These 
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mononuclear cells primarily function by responding to self and non-self-signals by 

controlling immune responses, releasing inflammatory cytokines and accumulating at sites 

of danger (Doseff & Parihar, 2012). 

Monocytes are derived from progenitors in the bone marrow and upon damage or 

infection travel to the tissues and differentiate into macrophages and dendritic cells (Yang, 

Zhang, Yu, Yang, & Wang, 2014). However, their functions are not limited to only 

immune-defense. They are highly plastic and heterogeneous, capable of changing their 

size, identity, fate, and functional phenotype in response to environmental stimulation. 

During steady state, circulating monocytes have a half-life of about 1-3 days and maintain 

a steady composition of monocyte subsets, which are broadly classified on the basis of 

surface receptor markers. Based on the recently approved nomenclature by the 

Nomenclature Committee of the International Union of Immunological Societies, human 

monocytes are categorized into three subtypes: classical monocytes, expressing high levels 

of CD14 and lacking CD16 (CD14+CD16-), intermediate monocytes, expressing high 

levels of CD14 and moderate levels of CD16 (CD14+CD16+), and non-classical/patrolling 

monocytes, expressing low levels of CD14 and high levels of CD16 (CD14dimCD16+) (See 

Table 1). 

In human monocyte differentiation, it is accepted that classical monocytes leave 

the bone marrow and some differentiate into intermediate monocytes, and sequentially 

into non-classical monocytes in peripheral blood circulation. Each monocyte subset 

exhibits distinct pathophysiological roles. Classical monocytes are equipped with a set of 

Toll-like receptors (TLRs) and scavenger receptors, which recognize pathogen-associated 

molecular patterns (PAMPs) and remove foreign material and necrotic cellular debris via 
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phagocytosis. They also produce effector molecules such as cytokines, myeloperoxidase, 

and superoxide, and initiate inflammation (Yang, Zhang, Yu, Yang, & Wang, 2014). 

Inflammatory monocytes selectively traffic to the sites of inflammation, produce 

inflammatory cytokines and contribute to local and systemic inflammation. They are 

highly infiltrative and capable of differentiating into inflammatory macrophages, which 

remove PAMPs and cell debris. Non-classical, or “patrolling” monocytes, actively and 

continuously patrol the luminal side of the vascular endothelium at steady state and during 

inflammation. They have also been shown to phagocytize microparticles and mediate the 

removal of damaged cells (Thomas, Tacke, Hedrick, & Hanna, 2015). Although their 

activity has been observed in the small blood veins and arteries of the dermis, mesentery, 

lung, and brain, they are not restricted to the vasculature, unlike classical monocytes 

(Thomas, Tacke, Hedrick, & Hanna, 2015). Patrolling monocytes also have the ability to 

undergo diapedesis and differentiate into tissue-resident macrophages (during steady-

state), inflammatory macrophages (during inflammation), or dendritic cells.  Furthermore, 

new research findings suggest that differentiation to macrophages is not obligatory 

subsequent to monocyte entry, and triggers may be necessary to drive such differentiation 

(Jakubzick, et al., 2013).  

Previous studies have attempted to investigate changes in monocyte subsets in the 

context of various diseases. However, the majority of them did not discriminate between 

intermediate and patrolling monocytes, but focused rather on the distinction between 

CD16-positive and negative subsets. For example, circulating CD16+ monocytes have 

been proven to be elevated in pathological conditions such as sepsis, coronary artery 

disease, chronic heart failure, chronic hepatitis and cancer, giving them potential as 
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diagnostic and prognostic markers of inflammatory and malignant disease. However, more 

recent studies illustrate that intermediate monocytes as opposed to patrolling monocytes 

are selectively elevated in severe asthmatic patients and predict adverse outcome in 

patients at high cardiovascular risk. Thus, further distinction between intermediate and 

patrolling monocytes may offer improved information. In the present study, we investigate 

the frequency of the three main monocyte subsets in patients with lung and colorectal 

carcinoma in relation to healthy controls.  

 

 

Cytokeratins 
 

Cytokeratins (CKs) are intermediate-sized filament-forming proteins of the 

cytoskeleton. They provide mechanical support and fulfill a variety of different functions 

in epithelial cells. Cytokeratins can be detected in a variety of body fluids including blood, 

urine, cyst fluids, ascites, pleural effusions, and CSF. In normal, healthy individuals, the 

level of cytokeratins in the circulation is low. Levels rise significantly in patients with 

epithelial cell-associated carcinomas. During transformation of normal cells into 

malignant cells, intracellular cytokeratin patterns are maintained and upon release from 

proliferating or apoptotic cells, cytokeratins distinctly reflect ongoing cell activity. These 

properties have enabled cytokeratins to be applied as useful markers of epithelial 

malignancies (Barak, Goike, Panaretakis, & Einarsson, 2004).  

There are 20 subtypes of cytokeratin intermediate filaments. These subtypes have 

different molecular weights and demonstrate differential expression in various cell types 

and tumors. Among the most useful are CK7 and CK20. CK7 is found in the glandular 
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epithelium and in epithelial tumors of the lung, ovary, endometrium, breast, and upper GI 

tract, but not in the epithelium of the lower GI tract. Conversely, CK20 is expressed 

principally in the normal glands and epithelial tumors of the lower GI tract, urothelium, 

and Merkel cells. The cytokeratin 7/20 profile of a particular tumor has proved to be a 

useful aid in the differential diagnosis of carcinomas since primary and metastatic tumors 

tend to retain the cytokeratin profiles of the epithelium from which they arise.  

Beyond their well-established role as diagnostic markers in cancer, cytokeratins 

have also been recognized as prognostic indicators in a variety of epithelial malignancies 

(Karantza, 2011). Thus, their utility as tumor markers can accurately predict disease 

sooner than conventional methods, as well as provide a simple, non-invasive, cost-

effective, and reliable tool for more efficient management.  

 

 

Summarized Proposal of Present Investigation 
 

Given that phagocytosis is a major responsibility of monocytes, we hypothesized 

that tumor fragments can be found in the vacuoles of their cytoplasm. In addition, we 

hypothesized that while most monocytes transform into macrophages once in the tissue 

(see Figure 1), a small portion of monocytes may return to the bloodstream after being in 

contact with tumor cells and that detection of these monocytes in the blood would serve as 

an effective screening method for specific cancers. To test the above hypotheses, we 

proposed to combine immunofluorescence and multiparameter flow cytometry techniques 

in attempt to detect cytokeratins as tumor markers in the cytoplasm of blood monocytes. 
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We also proposed to include the comparison of the frequencies of monocyte populations 

and their subsets in cancer patients relative to healthy controls in this study. 
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Chapter II. 
 
 

Materials and Methods 
 
 

Several experiments were employed throughout the study to determine whether or 

not peripheral blood monocytes change in terms of frequency and function in relation to 

cancer. These experiments included comparing absolute monocyte counts and 

percentages, phenotyping monocytes to determine the relative distribution of their subsets 

in lung and colorectal adenocarcinoma, comparing the percentage of CD14dim monocytes 

present in pre-and-post surgery samples of adenocarcinoma patients, and utilizing anti-

cytokeratin antibodies in combination with monocyte markers to determine if our 

hypothesis was correct. Please find below the reagents used and the specific steps and 

details associated with each experiment. 

 

 

Reagents 
 

All reagents were used in agreement with the manufacturer’s instructions and 

recommendations. Fluorescein isothiocyanate (FITC)-conjugated anti-CK20 (cytokeratin 

20 mouse anti-human monoclonal antibody) (IT-Ks 20.10 clone) was obtained from 

Lifespan Biosciences, Seattle WA. Additionally, the following anti-human monoclonal 

antibodies were used throughout the study: FITC-conjugated CD16, phycoerythrin (PE)-

conjugated CD14, peridinin-chlorophyll-complex (PerCP)-conjugated CD45, and 
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allophycocyanin (APC)-conjugated CD33 (Note: All antibodies were previously titrated to 

optimize the signal-to-noise ratio); they were all obtained from BD Biosciences, San Jose, 

CA, in addition to the equipment (FACSCanto II flow cytometer) and software 

(FACSDiva) utilized for the analysis of samples and results. Hanks Balanced Salt Solution 

(HbSS) was purchased from Life Technologies, Grand Island, NY. Bovine albumin, 

mouse serum, and phosphate-buffered saline (PBS) were obtained from Sigma, St. Louis, 

MO. Paraformaldehyde was purchased from EM Science, Gibbstown, NJ. Fix and Perm 

kits utilized in this study were purchased from ThermoFisher, Kalamazoo, MI. Lastly, 

complete blood counts CBCs) and differentials were performed on a Sysmex XE-5000 

Automated Hematology System.  

 

 

Blood Samples 
 

 Peripheral venous blood was collected from healthy volunteers and patients 

diagnosed with lung, colon, and/or rectal adenocarcinoma in ethylene diamine tetra-acetic 

acid (EDTA) for clinical testing. When available, we obtained excess blood that would 

have otherwise been discarded for this research study. All clinical tests took priority and 

were completed before the remaining portion of the samples was put aside to be utilized in 

the study.  Samples >72 hours old were rejected. When possible, we obtained both pre-and 

post-surgery samples for comparison. Patient records were reviewed only to confirm 

carcinoma diagnosis. No research test results were entered into the patient record or 

released to the patient or patient physician. This study plan as described above was 

approved by the VA’s Institutional Review Board. 
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Cytometer Setup and Bead Compensation 
 

 Daily setup on the FACsCanto II Flow Cytometers used in this study was 

completed prior to the acquisition of any samples. Cytometer Setup and Tracking (CST) 

beads (purchased from BD Biosciences, San Jose, CA) were run to verify optical 

alignment and fluidics. Bead compensation was also performed to optimize fluorescence 

compensation settings for the multi-color flow cytometric analyses described in this study. 

The compensation adjustments were made using the same fluorochrome-labeled 

antibodies used in our experiments to ensure that the compensation corrections for spectral 

overlap were accurately established.  

 

 

Monocyte Phenotyping 
 

 Whole blood samples were collected in EDTA from carcinoma patients (prior to 

surgery) and healthy controls. The samples were washed twice with 2.5% Alb./HbSS 

(bovine albumin/Hanks Balanced Salt Solution). Fifty microliters of mouse serum were 

added to each sample to block FC receptors, thus reducing any potential non-specific 

binding that may have otherwise occurred. A mixture of 5-µL FITC-conjugated CD16 

(Leu-11a clone), 5-µL PE-conjugated CD14 (MfP9 clone), 5-µL PerCP-conjugated CD45 

(2D1 clone), and 2-µL APC-conjugated CD33 (P67-6 clone) was added to 11x75-mm 

polystyrene tubes. Anti-coagulated whole blood (50-µL) containing a WBC concentration 
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of 5-10 K cells/mm3 was transferred into each tube, vortexed, and incubated in the dark at 

room temperature for 15-minutes. Following this primary antibody incubation, red blood 

cells in these samples were lysed with 2-mL of a 1:10 dilution of FACS lyse(BD 

Biosciences, San Jose, CA) and washed with 1-mL of PBS (phosphate-buffered saline). 

Lastly, all samples were fixed in 250 µL of 1% paraformaldehyde and refrigerated in the 

dark for at least 10 minutes prior to acquisition.  

 We gated on all monocytes according to their CD45/SSC (side-scatter) properties 

before ultimately splitting them up into their relative subsets based on their CD14/CD16 

expression (as previously described in the first chapter of this paper). We then compared 

these subset groups in cancer patients and healthy controls by statistical methods 

described at the end of this section.  

 

 

Analysis of Pre-and-Post Surgery Samples 
 

 We obtained pre-and-post surgery whole blood in EDTA of 2 patients diagnosed 

with lung adenocarcinoma. Pre-surgery samples were collected prior to tumor resection, 

while, of course, post-surgery samples were obtained after tumor resection. In one case, 

we were able to obtain the post-surgery sample just one hour after tumor removal. Whole 

blood samples from 2 healthy subjects (assumed to be free of any tumor burden) were also 

obtained for comparison.  

 Like the monocyte phenotyping experiment described above, all samples were 

washed twice with 2.5% Alb./HbSS (bovine albumin/Hanks Balanced Salt Solution) and 

FC-receptors were blocked with 50-µL of mouse serum. In this experiment, however, the 
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antibody mixture added to the 11x75-mm polystyrene tubes included just 5-µL PE-

conjugated CD14 (MfP9 clone) and 5-µL PerCP-conjugated CD45 (2D1 clone) (See 

Table 2). Still, 50-µL of the anticoagulated whole blood obtained, with a WBC 

concentration between 5 and 10 K cells/mm3, was transferred into each tube, vortexed, 

and incubated in the dark at room temperature for 15-minutes. Following this primary 

incubation, red blood cells were lysed with 2-mL of a 1:10 dilution of FACS lyse and 

washed in 1-mL of PBS. Finally, the samples were fixed in 250-µL of 1% 

paraformaldehyde and refrigerated at 2-8 ºC in the dark prior to acquisition.  

 We gated on CD14dim monocytes to determine the percentage of these cells present 

in each sample. We then compared the percentages of CD14dim monocytes in the pre-

surgery sample of each patient with those in the post-surgery sample. We also compared 

the results of these samples to those of the healthy controls.  Results are reported in the 

next section of this paper.  

 

 
Detection of CK20 in CD14dim Monocytes 

 

 EDTA blood samples obtained from healthy controls and colorectal 

adenocarcinoma patients prior to surgery were washed with 2.5% Alb./HbSS (bovine 

albumin/Hanks Balanced Salt Solution) twice. Each sample was incubated for 5-minutes 

with mouse serum to block FC receptors. A mixture of 5-µL of PE-conjugated anti-human 

CD14, 5-µL of PerCP-conjugated anti-human CD45, and 2-µL of APC-conjugated anti-

human CD33 was added to 11x75-mm polystyrene tubes. Anti-coagulated whole blood 

(50-µL) containing a WBC concentration of 5-10 K cells/mm3 was added to each tube. 
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The tubes were vortexed and incubated in the dark at room temperature for 15-mintues. 

Following this primary antibody incubation period, 100-µL of F&P (Fix and Perm) 

Reagent A was added to all samples before another 15-minute incubation at room 

temperature in the dark. All samples were then washed with 3-mL of PBS, centrifuged for 

5-minutes at 300g, and the supernatant removed in usual fashion. Next, 100 µL of F&P 

Reagent B were added along with 2.5-µL of anti-human cytokeratin 20 (CK20) and 

samples were vortexed at low speed for 2-3 seconds. Another 20-minute incubation in the 

dark at room temperature followed. PBS (1-mL) was then added, samples were vortexed, 

centrifuged, and the supernatant removed again. Finally, all samples were fixed in 250-µL 

of 1% paraformaldehyde and refrigerated at 2-8ºC for at least 10 minutes prior to 

acquisition.  

 

 

 

Statistical Analysis 
 

 FACSDiva software (BD Biosciences) was utilized to analyze and gate cell 

populations in all samples. Quantitative values obtained in a given experiment are 

expressed as the average percentage of all samples in a group (i.e. lung adenocarcinoma 

patients, colorectal adenocarcinoma patients, and normal controls). Standard deviation 

was calculated on all sample groups and was used to determine the deviation from the 

mean. Student t-tests (two-tailed) were performed to compare differences between sample 

groups and controls. P values were considered statistically significant if P £ 0.05. All 
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experiment results were analyzed and evaluated in Microsoft Excel 2016. Data was 

graphed using Prism software (GraphPad). 
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Chapter III. 
 

Results 
  

 Several experiments were conducted in order to determine whether or not 

monocytes and/or their subset populations vary between carcinoma patients and healthy 

controls. These experiments included phenotyping monocytes to compare the relative 

frequencies of their individual subsets and looking for cytokeratin expression in CD14dim 

monocytes.  

 

 

Non-Classical CD14dimCD16+ Monocyte Population is Increased in Lung and Colorectal 

Adenocarcinoma Patients Relative to Healthy Controls 

 

 

 CBC and differential reports for carcinoma patients and healthy controls were 

obtained to compare monocyte percentages in peripheral blood. There was no significant 

difference in total monocyte percentage between the adenocarcinoma patient group as a 

whole and the control group (mean 9.4 ± 4.4 vs. 9.2 ± 1.3, respectively, p = 0.90). 

Similarly, analysis of each adenocarcinoma group individually compared to the control 

group also revealed no significant difference in total monocyte percentage in peripheral 

blood. For example, the lung adenocarcinoma patient group had a mean peripheral 

monocyte percentage of 7.5 ± 2.4, while the colorectal adenocarcinoma patient group had 
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a mean monocyte percentage of 13 ± 5.4 (see Table 3). When compared to the mean total 

monocyte percentage of the control group, these results were not significant at p = 0.12 

and p = 0.24, respectively. Thus, in order to detect more specific changes, we used 

immunofluorescence in combination with multi-parameter flow cytometric analysis to 

measure differences in specific monocyte subsets according to the recently accepted 

classification based on CD14/CD16 expression profiles (See Table 1).  

 Peripheral blood cells were gated on the basis of CD45 and side-scatter (SSC). 

Monocytes were confirmed by expression of the CD14 molecule. These cells were then 

further separated into three distinct subsets (see Figures 2 & 3): classical CD14++CD16- 

(gated in Q1-3 in green), intermediate CD14+CD16+ (gated in Q2-3, also in green), and 

non-classical or patrolling CD14dimCD16+ (gated in P3 in blue).  

 The majority of circulating monocytes in both patient groups as well as the control 

group were of the classical CD14+CD16- subset. However, there was no significant 

difference in the percentage of classical monocytes present in the adenocarcinoma group 

as a whole compared to healthy controls (mean 36.5 ± 14.3 vs. 35.8 ± 6.0, respectively,    

p = 0.89) (see Table 4). Furthermore, this subset showed no significant difference between 

lung cancer patients and controls (mean 37.4 ± 14.6 versus 35.8 ± 6.0, respectively,          

p = 0.79) as well as between the colorectal cancer patient group and controls (34.8 ± 15.8 

versus 35.8 ± 6.0, respectively, p = 0.91) (see Table 5). On the other hand, there was a 

significant reduction in the percentage of intermediate CD14+CD16+ monocytes present in 

carcinoma patients as a whole compared to that of normal controls (mean 2.8 ± 2.0 vs 5.7 

± 2.3, respectively, p = 0.03). However, this subset was reduced in lung cancer patients 

relative to healthy controls by 3.8%, (1.9 ± 0.9 versus 5.7 ± 2.3, p < 0.01) (see Figure 4), 



	 19	

while showing no significant difference between the colorectal cancer patient group 

relative to healthy controls (4.6 ± 2.4 versus 5.7 ± 2.3, p = 0.49). In contrast, the non-

classical CD14dimCD16+ subset was significantly increased in carcinoma patients as a 

whole compared to controls (mean 5.4 ± 2.8 vs 2.2 ±1.1, respectively, p < 0.01). This 

subset was also shown to be increased in each adenocarcinoma group individually with 

lung cancer patients having a mean patrolling monocyte percentage of 4.4 ± 2.0 and 

colorectal cancer patients having a mean of 7.2 ± 3.3% patrolling monocytes. When 

compared to healthy controls (mean 2.2 ± 1.1) the differences were statistically significant 

for both groups, with p ≤ 0.05 (see Table 6).  

 

 

CD14dim Monocyte Population is Diminished in Lung Adenocarcinoma Patients Post-

Surgery 

 

 We analyzed blood cell populations of healthy controls and lung adenocarcinoma 

patients pre-and-post surgery. Pre-surgery samples obtained from the cancer patients while 

the tumor(s) remained intact revealed the presence of a CD14dim population that was 

present to a much lesser degree in healthy controls. Furthermore, post-surgery samples of 

the same patients showed a significant decrease in the presence of the CD14dim population. 

In one case, we were able to obtain a sample collected just one hour after tumor removal. 

Remarkably, in this post-surgery sample, the CD14dim population had already drastically 

decreased to near the level found in healthy controls  
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(see Figure 5). Importantly, neither of the patients were transfused at any point before, 

during, or after this procedure when their blood samples were obtained for this 

experiment.  

 

 

CK20 Detection in CD14dim Monocytes of Colorectal Cancer Patients 
 

 

 We discovered that CK20 can be found in CD14dim monocytes of both colorectal 

adenocarcinoma patients and healthy controls. However, in the colorectal carcinoma 

patient group, this population was significantly higher than in healthy controls (mean 2.9 ± 

0.9 vs. 0.9 ± 0.5, respectively, p = 0.01) (see Figures 6 & 7). This difference is considered 

very significant by definition of the statistical method used (t-test).  

 Additionally, we multiplied the white blood cell counts (WBCs) of both sample 

groups by the percentage of CD14dim cells that showed CK20 positivity to determine the 

theoretical absolute number of CD14dim cells positive for CK20. This test yielded similar 

results- patients with colorectal adenocarcinoma had higher percentages of CK20 positive 

absolute CD14dim monocytes than healthy controls (mean 202 ± 87 vs. 61 ± 53, 

respectively, p = 0.04) (see Table 7).  
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Chapter IV. 
 

Discussion 
 

 

 The dismal prognosis of cancer can be effectively attenuated by early and accurate 

diagnosis. However, in addition to low compliance rates thought to be related to the 

invasive nature of these tests, current screening/detection techniques are limited by issues 

of sensitivity and specificity. Thus, there is an urgent need to identify specific, non-

invasive biomarkers for early cancer diagnosis and, by extension, improved survival rates.  

 Peripheral blood is one of the least invasive samples that can provide clues to 

cancer presence, and hence, detection. It has been proven that an important function of the 

immune system is to search for and eliminate neoplastic cells (Feng, et al., 2011). Within 

the bloodstream, monocytes represent a reservoir of inflammatory immune cells capable 

of special anti-tumor functions within the tumor microenvironment (Subimerb, et al., 

2010). In the present study, we aimed to gain a better understanding of the involvement of 

this heterogeneous population in the context of lung and colorectal carcinoma.  

 In circulation, monocytes exist as three distinct subsets, distinguished by the 

expression of two main markers: CD14 and CD16 (Amir, Spivak, Lavi, & Rahat, 2012). 

Importantly, each subset not only represents a distinct phenotype, but is also associated 

with specific functions. For instance, “classical” monocytes are CD14+CD16- and 

recognized for their phagocytic abilities, while “intermediate” monocytes are 

CD14+CD16+ and mostly known for their role in inflammation. Lastly, “patrolling” 
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monocytes are CD14dimCD16+ and known to continuously patrol the luminal side of the 

epithelium at steady state. Unlike classical monocytes though, patrolling monocytes are 

not limited to the vasculature and have the ability to undergo extravasation into the 

surrounding tissue.  

Studies have indicated that monocytes are involved in the tumor immune response, 

with a considerable portion of them existing in the tumor tissue itself (Feng, et al., 2011). 

We observed evidence of this while reviewing slides of colon tumors (see Figure 8). It is 

well documented that monocytes migrate from the peripheral blood into the tissues, where 

most of them give rise to macrophages (Subimerb, et al., 2010). As can be seen in the 

figure, there numerous monocytes can be found around newly formed blood vessels within 

the tumor. This observation inspired our hypothesis that while most monocytes 

differentiate into macrophages upon diapedesis, a small percentage of them may retain 

monocyte character and return to the circulation. Also, since patrolling monocytes 

demonstrate the ability to cross the endothelial barrier and enter the tissue, we 

hypothesized that this subset is increased in carcinoma patients.  

 Since CD14/CD16 expression was first used to identify different monocyte 

subsets, several reports have described a clinically relevant contribution of specific subsets 

to inflammation and repair in various diseases (i.e. asthma, HIV infection, atherosclerosis, 

and cardiovascular disease) (Amir, Spivak, Lavi, & Rahat, 2012). Consistent with these 

reports, we found that compared to healthy controls, carcinoma patients also demonstrated 

significant changes in the distribution of their monocyte subsets even though their CBC’s 

showed no significant difference in absolute monocyte counts or total monocyte 

percentage. Furthermore, we discovered that while there was no change in the percentage 
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of classical monocytes in either of the adenocarcinoma groups compared to controls, the 

lung carcinoma group showed a significant decrease in the percentage of intermediate 

monocytes compared to the colorectal cancer group and controls. For the first time, we 

discovered that patients with lung and colorectal adenocarcinoma have significantly 

elevated levels of CD14dimCD16+ monocytes compared to healthy controls. Appropriately, 

this phenotype corresponds to the patrolling monocyte subset, which has to ability to 

undergo diapedesis, and therefore, interact with the tumor microenvironment. These 

findings add to our understanding of the role of patrolling monocytes in the inflammatory 

response to disease entities.  

 Interestingly, we discovered a CD14dim population in lung adenocarcinoma 

patients that was present pre-surgery (while the tumor remained intact) and significantly 

diminished after surgery. In fact, in one case, we were able to obtain a whole blood sample 

from the patient just one hour post-surgery (after tumor removal) and the CD14dim 

monocyte population had already significantly diminished. Although we are not certain 

that this CD14dim cell population is also CD16+, our results suggest that these cells are 

involved in the tumor microenvironment, and therefore are most likely patrolling 

monocytes. Despite these findings, we cannot conclude that an increased percentage of 

patrolling monocytes is a specific marker of carcinoma, as CD14dimCD16+ monocytes 

have been found to be elevated in many inflammatory conditions. Nonetheless, these 

findings suggest that there may be a way in which the study of patrolling monocytes may 

lead to the discovery of a marker specific for carcinoma. Given that monocytes have 

special anti-tumor functions (i.e. phagocytosis), we hypothesized that cytokeratins can be 

detected as tumor markers in the vacuoles of their cytoplasm.  
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 Cytokeratins, the typical intermediate filament proteins of epithelia, have long 

been observed in the cytoplasms and nuclei of cells (Moll, Divo, & Langbein, 2008). 

Their expression varies with epithelial cell type, differentiation, and development of the 

tissue. During the transformation of normal cells into malignant ones, cytokeratin patterns 

are usually maintained. This property has enabled cytokeratins to be applied as tumor 

markers. Several of them have great importance in the immunohistochemical tumor 

diagnosis of carcinomas, particularly in cases of unclear metastases of unknown primaries 

and in precise classification and subtyping (Moll, Divo, & Langbein, 2008). Among the 

most commonly used is CK20, which is expressed in colorectal adenocarcinoma among 

others. While previous studies have already proven to be successful in detecting 

cytokeratins in various body fluids, none have, to the best of our knowledge, identified 

them intracellularly in blood. In this study, we used flow cytometry, a well-established 

and highly sensitive method, to investigate the potential relationship between monocytes 

and cytokeratins.  

We observed that CK20 can be found in CD14dim monocytes of colorectal 

adenocarcinoma patients, as well as in healthy controls. Most remarkably, however, we 

also discovered for the first time that colorectal carcinoma patients have significantly 

higher levels of CK20 in CD14dim monocytes than healthy controls (mean of 2.9 ± 0.9 vs 

0.9 ± 0.5, respectively, p = 0.01). By definition of the statistical method used (t-test) to 

analyze these results, this difference is considered very statistically significant. Although 

not specifically tested in this study, it is reasonable to assume that the CD14dim monocytes 

found to be positive for intracellular CK20 are also CD16+, suggesting that our hypotheses 

were correct. That is, patrolling monocytes are capable of migrating from the peripheral 
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blood to the tissues, where they phagocytize fragments of tumor cells, before returning to 

the circulation. Furthermore, the detection of an increased number of patrolling monocytes 

containing cytoplasmic CK20 has the potential to serve as a simple screening test for 

colorectal cancer. Additionally, because the cytoplasm of monocytes are studied in this 

approach, the test may be much more sensitive than the analysis of markers in the serum, 

where there is a large number of proteins present at concentrations many fold higher than 

the concentration of any tumor marker. 

 

 

Study Limitations 
 

 We acknowledge the limited conclusions that can be drawn from our study. For 

example, since we are not certain that the CD14dim monocyte populations described in the 

latter two experiments are CD16+, our conclusion that they most likely represent patrolling 

monocytes is mostly based on assumption and the pattern of CD14dim expression observed 

in the flow cytometry dot plots. In retrospect, it may have been best to perform this 

experiment using the same antibody selection employed in the monocyte phenotyping 

experiment. We are also aware that our sample size is extremely small and the data we 

obtained can only be considered preliminary. Additionally, we acknowledge limitations in 

the utilization of flow cytometry as our method of choice in this study. While flow 

cytometry is a well-established and very sensitive technique, it does not allow for the 

visualization of cells. Therefore, we were unable to confirm that optimal permeabilization 

of said cells was achieved. Consequently, we cannot exclude the possibility that our data 

involves non-specific cytokeratin staining. Lack of an isotype control proved to be a major 
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limitation. Such a tool would have been useful in eliminating any uncertainty associated 

with this technical challenge. Additionally, differences between instrument settings and 

gating cannot be excluded as having influenced the analysis of cell populations. 

Nonetheless, the results gathered from these experiments are significant, especially in 

regards to the detection of CK20+ intracellularly in peripheral blood monocytes, as it does 

represent a novel finding.  

 

 

Future Directions 
 

 Our study raises some important questions that undoubtedly require further 

attention. For example, the CK20-positive CD14dim cells that we suspect to be “non-

classical/patrolling” monocytes should be more completely phenotyped in further 

experiments to confirm that they are indeed CD16+. Secondly, the use of isotype controls 

is essential if we are to eliminate the possibility that our data reflects non-specific staining. 

Once these technical challenges have been overcome, the study should be expanded to 

include a much more significant sample size and possibly even more types of 

adenocarcinoma. Lastly, the study of tumor marker expression in monocytes of patients in 

various stages of adenocarcinoma could answer questions related to whether or not the 

level of intracellular biomarkers and quantity of patrolling monocytes detectable is 

proportional to tumor burden. In any case, the detection of cytokeratins as tumor markers 

in blood monocytes has the potential to accurately identify disease before conventional 

methods. Therefore, this method could potentially enable earlier and more effective 
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treatment, especially in adenocarcinomas where early detection is crucial for improved 

patient prognosis.  

Since cytokeratins can potentially provide early indications of tumor 

progression/metastasis and even reoccurrence, this technique could offer a simple, non-

invasive, cost-effective, and reliable tool for more efficient management. Furthermore, the 

possibility that monocytes carry evidence of their interactions and functions in any tissue 

microenvironment suggests that biomarkers found intracellularly in these cells have the 

potential to serve as novel diagnostic tools for a variety of conditions involving an 

inflammatory response. Such conditions include, but are not limited to, Alzheimer’s, 

coronary artery disease, traumatic brain injury, and even the pre-clinical stage of type I 

diabetes.  Indisputably, it would be beneficial to have screening tests for all of these. Thus, 

the study of biomarker expression in monocytes is worthy of further exploration.  

 

 

Conclusion 
 

 The primary aims of this study were to investigate the role of monocytes and their 

potential relationship with cytokeratins in the context of cancer. The data we obtained 

suggests proportional and functional changes in the patrolling monocyte subset in relation 

to carcinoma. Specifically, our data suggests that CK20 can be detected intracellularly as a 

tumor marker in the CD14dim monocytes of patients with colorectal adenocarcinoma. 

These results also provide evidence that CD14dim cells not only have the ability to enter 

tissues and interact with the tumor microenvironment, but also to retain monocyte 

character and re-enter the circulation as we hypothesized. Although these results are 
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preliminary, we are very excited to continue our experiments and present any new 

findings to the scientific community. 
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Appendix 
	
	
 

 

 

 

Figure 1. Tumor Microenvironment  
(Source: Owen & Mohamadzadeh, 2013)  
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Figure 2. Monocyte Phenotyping: CRC Patients vs. Controls 
Note: Representative Dot Plots of Monocyte Subset Distribution in CRC patients relative 
to healthy controls. Monocytes were first gated on the basis of CD45/SSC expression (P2). 
They were then further separated based on CD14/16 expression. Cells in Q1-3 represent 
the classical subset, cells in Q2-3 represent the intermediate subset, and cells in P3 
represent the non-classical/patrolling subset. 
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Figure 3. Monocyte Phenotyping: Lung Cancer Patients vs. Controls 
Note: Representative Dot Plots of Monocyte Subset Distribution in lung cancer patients 
relative to healthy controls. Monocytes were first gated on the basis of CD45/SSC 
expression (P2). They were then further separated based on CD14/16 expression. Cells in 
Q1-3 represent the classical subset, cells in Q2-3 represent the intermediate subset, and 
cells in P3 represent the non-classical/patrolling subset. 
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Figure 4. Graphical Representation of Monocyte Subset Distribution 
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Figure 5. Comparison of Pre-Surgery and Post-Surgery Samples 
Note: Representative dot plots of presence of CD14dim cells in controls and in lung cancer 
patients before and after tumor resection. CD14dim cells are gated in red in P1. 
 
 
 
 
 
 

Sample % Cells in P1 

Pre-surgery 4.0 

Post-Surgery 0.4 

Control 0.3 



	 34	

 

 

Figure 6. Intracellular CK20 in CD14dim Monocytes of CRC Patients 
Note: Representative dot plot and histogram of cytoplasmic CK20 in CD14dim monocytes 
of CRC patients. CD14dim cells are gated in the dot plot in red (P1). P2 represents the 
quantity of cells in P1 that are negative for cytoplasmic CK20, while P3 represents the 
quantity of cells in P1 that are positive for cytoplasmic CK20. 
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Figure 7. Intracellular CK20 in CD14dim Monocytes of Controls  
Note: Representative dot plot and histogram of cytoplasmic CK20 in CD14dim monocytes 
of healthy controls. CD14dim cells are gated in the dot plot in red (P1). P2 represents the 
quantity of cells in P1 that are negative for cytoplasmic CK20, while P3 represents the 
quantity of cells in P1 that are positive for cytoplasmic CK20. 
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Figure 8. Tumor Microenvironment in Colorectal Cancer 
Note: H&E stained slide of a tumor in the colon. The circle identifies a blood vessel, while 
arrows point to monocytes both in the tumor and the surrounding stroma.  
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Table 1. Classification of Monocyte Subsets 

 

Subset Phenotype Major Function 

Classical CD14+CD16- Phagocytosis 

Intermediate CD14+CD16+ Pro-inflammatory 

Non-classical CD14dimCD16+ Patrolling 
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Table 2. Antibody Selection for Experiments 

 
 

 FITC PE PerCP APC 

Phenotyping 

Monocytes 
CD16 CD14 CD45 CD33 

Comparison of 

Pre-surgery 

and Post-

surgery 

samples 

------------ ------------- CD45 CD14 

CK20 

detection in 

CD14dim 

monocytes 

CK20* CD14 CD45 CD33 

Note: *denotes intracellular marker 
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Table 3. CBC and Differential Data 

 

 WBC (K/cmm)   Abs. Mono 
 

Mono % Abs. Mono (K/cmm) 
CONTROLS 

 10.6 8.1 0.86 
 4.7 7.4 0.35 
 8.4 10.7 0.9 
 3.6 10.7 0.39 
 5.1 9.1 0.46 
 4.2 9.1 0.38 
    mean 6.1 9.2 0.56 

SD 2.8 1.3 0.25 
 

LUNG ADENOCARCINOMA PATIENTS 
 17 6 1.02 
 8 7.7 0.61 
 8.5 6.7 0.57 
 7.6 6.8 0.52 
 7.7 10.1 0.78 
 10.7 4 0.43 
 6.7 11.8 0.79 
 6.8 6.8 0.46 
    mean 9.1 7.5 0.65 

SD 3.4 2.4 0.20 
 

COLORECTAL ADENOCARCINOMA PATIENTS 
 3.9 20.4 0.79 
 8 11.7 0.94 
 9.2 7.5 0.69 
 6.7 12.9 0.87 
    mean 6.95 13.1 0.82 

SD 2.3 5.4 0.11 
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Table 4. Monocyte Subset Distribution Data: Adenocarcinoma Group vs. Controls 

 

 
% CD14+CD16- % CD14+CD16+ % CD14dimCD16+ 

Gate Q1-3 Q2-3 P3 

    
CONTROLS 

 
42.3 5.1 3.9 

 
44.4 5 1.4 

 
30.4 5.7 2.9 

 
31.4 10.1 2.5 

 
34.4 3.7 0.9 

 
31.8 4.4 1.7 

    
mean 35.8 5.7 2.2 

SD 6.0 2.3 1.1 

    

    
ADENOCARCINOMA GROUP AS A WHOLE 

 
50.9 1.7 6.3 

 
46.4 1.3 2 

 
21.9 1.4 2.6 

 
56.1 3.4 4.8 

 
17 1.2 2.5 

 
35.6 2.7 5.9 

 
34 1.3 6.9 

 
58 7.2 7.4 

 
22.6 1.4 3 

 
29.2 4.4 11.1 

 
29.3 5.2 7.3 

    
mean 36.5 2.8 5.4 

SD 14.3 2.0 2.8 

p values 0.89ns 
 

0.03* 

 

 
<0.01** 

 
 Note: *, **Significance, nsnot-significant; means and SD’s are expressed in %. 
 Refer to Figure 3 for gating patterns.  
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Table 5. Monocyte Subset Distribution Data: Lung and CRC Patients vs. Controls 

 

 
% CD14+CD16- % CD14+CD16+ % CD14dimCD16+ 

Gate Q1-3 Q2-3 P3 

    
CONTROLS 

 
42.3 5.1 3.9 

 
44.4 5 1.4 

 
30.4 5.7 2.9 

 
31.4 10.1 2.5 

 
34.4 3.7 0.9 

 
31.8 4.4 1.7 

 
   

mean 35.8 5.7 2.2 
SD 6.0 2.3 1.1 

    
LUNG ADENOCARCINOMA PATIENTS 

 
50.9 1.7 6.3 

 
46.4 1.3 2 

 
21.9 1.4 2.6 

 
56.1 3.4 4.8 

 
17 1.2 2.5 

 
35.6 2.7 5.9 

 
34 1.3 6.9 

 
   

mean 37.4 1.9 4.4 
SD 14.6 0.9 2.0 

    
COLORECTAL ADENOCARCINOMA PATIENTS 

 
58 7.2 7.4 

 
22.6 1.4 3 

 
29.2 4.4 11.1 

 
29.3 5.2 7.3 

 
   

mean 34.8 4.6 7.2 
SD 15.8 2.4 3.3 

Note: refer to Figure 3. Means and SD’s are expressed in %. 
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Table 6. Monocyte Subset Distributions: Adenocarcinoma Groups vs. Controls 

 

 

Monocyte subset 
Control 

mean ± SD 

 

Lung 

mean ± SD 

(P value) 

Colorectal 

mean ± SD 

 (P value) 

CD14+CD16- 

 

35.8 ± 6.0 37.4 ± 14.6 

(0.79)ns 

34.8 ± 15.8 

(0.91)ns 

 

CD14+CD16+ 

 

5.7 ± 2.3 1.9 ± 0.9 

(<0.01)** 

4.6 ± 2.4 

(0.49)ns 

 

CD14dimCD16+ 2.1 ± 1.3 4.4 ± 2.0 

(0.03)* 

7.2 ± 3.3 

(0.05)* 

 

Note: *, **Significance, nsnot-significant; means and SD’s are expressed as %  
of monocyte subsets. 
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Table 7. Data from Detection of Intracellular CK20 in CD14dim Monocytes 

 

 
CD14dim 

monocytes 

% of 
CD14dim 

monocytes 
negative for 

CK20 

% of CD14dim 
monocytes positive 

for CK20 

 P1 P2 P3 

    
Colorectal Cancer Patients 

 
3.7 1.2 2.5 

 
4.8 0.7 4 

 
3.5 1.6 1.9 

 
7.1 4.1 3 

 
   

mean 4.8 1.9 2.9 
SD 1.7 1.5 0.9 

    Controls 

 
1.7 0.7 0.9 

 
1.5 1 0.5 

 
0.9 0.4 0.5 

 
2.4 0.6 1.8 

 
1.1 0.2 0.9 

 
0.8 0.1 0.7 

 
   

mean 1.4 0.5 0.9 
SD 0.6 0.3 0.5 

 
   

 
p-values 

 
0.02* 

 
0.16ns 

 
0.01* 

    Note: *, **Significance, nsnot-significant. Means and SD’s are expressed in %.  
Refer to Figures 6 & 7.  
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