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Abstract

Neutrophil recruitment to the nasopharynx (NP) is a central event in resolution of NP-initiated
microbial infections. A vigorous neutrophil response in infected tissues is also associated with the
outcome of adverse tissue pathology. Therefore, differences in infection-induced tissue neutrophil
numbers may correlate with pathogenesis events. Existing methods of quantifiying neutrophils
require evaluation of NP samples within hours of procurement as flow cytometry based cell
quantification methods require live neutrophil cells. Therefore, we developed a novel RT-PCR
method that could reliably quantify neutrophil counts in frozen NP wash samples. mRNA
transcripts of the genes encoding CD16, CD18, and CD62L were identified as neutrophil-specific
in NP samples and not significantly variable in response to stimulation by heat killed bacteria, and
can be used to derive an accurate assessment of neutrophil content in a sample even in the
presence of epithelial cells. Using flow cytometry as a comparator, the method was validated in
human NP wash samples. We conclude that this PCR-based method should prove useful for
providing a quantitative estimate of neutrophil recruitment to the NP during infection and
pathogenesis.

1. Introduction

Neutrophils are the most abundant leukocyte in human blood. They are the first cells
recruited to the site of an infection or injury (Kolaczkowska and Kubes, 2013), constituting
the “front line” of immune defense. Neutrophils migrate up concentration gradients of
chemokines such as IL-8, before being arrested by selectins on the vascular endothelial
surface and extravasating into tissue (Kobayashi, 2008; Nicu and Loos, 2016). During an
active infection in mucosal tissues, resident innate cells such as macrophages effectively
promote recruitment of neutrophils that are needed to clear infection (Farrera and Fadeel,
2013; Murray and Wynn, 2011). Following infiltration, neutrophils are the most powerful
innate effector cell type for pathogen phagocytosis and clearance. While neutrophils
recruitment correlates with the prevention of infection, neutrophil recruitment in infected
tissues is also associated with pathology and tissue damage. Therefore, a protective host
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response to an infection must orchestrate a balanced innate effector response that is more
predominantly associated with infection clearance. Flow cytometry and histological staining
remain the two most important methods for assessing neutrophil numbers during infection or
inflammatory disease (Heron et al., 2012). However, histological staining can yield only a
qualitative estimate of cell abundance, and flow cytometry must be performed on fresh
samples because notoriously-fragile neutrophils rupture during various freezing procedures.

Quantitative PCR (gPCR) is a powerful and well-established technique for measuring
absolute or relative differences in the quantities of DNA or RNA sequences in a sample
based on the time to amplify a specific sequence past a given critical threshold (CT) of
intensity with the use of fluorescent dyes (Hunter et al., 2010). A lower CT value
corresponds to a greater quantity of target sequence in a sample. Since measurements are
sensitive to the total DNA content of a sample in addition to the cells’ activation status,
constitutively expressed reference or “housekeeping” genes such as GAPDH, 18SrRNA, or
ACTB (B-actin) are examined simultaneously with the sequences of interest to normalize
results between samples (Jacob et al., 2013).

Here, we demonstrate that the neutrophil content of frozen human NP wash samples can be
accurately determined by performing quantitative PCR on FCGR3A (CD16), LTBR (CD18),
and SELL (CD62L) immune markers, using Z8SrRNA and GAPDH as reference genes.
These genes are stably expressed even in the face of microbial stimulation, as typically
occurs during pathogenesis events in the NP, and can be used to estimate the quantity of
neutrophils in a sample even in the presence of nasal epithelial cells, a cell type that is
usually present in NP wash samples along with neutrophils. The method described here is of
value for the study of neutrophil numbers in nasal wash, a minimally-invasive sample
collection procedure, and should facilitate research involving the human upper respiratory
tract.

2. Materials and Methods

2.1

Neutrophil isolation:

For development of the method, whole blood was collected from healthy adult donors at
Rochester General Hospital in accordance with an IRB-approved protocol (approval number
1141B). Neutrophils were isolated from whole blood using an EasySep Human Neutrophil
Enrichment Kit (StemCell Technologies) according to the manufacturer’s instructions.

2.2. Cell stimulation:

All experiments were performed using enriched neutrophils serially diluted in RPMI+10%
FBS+1% Penicillin/Streptomycin. First, enriched neutrophils from each donor (serially
diluted to a concentration of 103 to 10% per mL) were stimulated with or without heat-killed
Streptococcus pneumoniae (Spn; 108 CFU equivalents for MOI ranging from 102-10°) for
two hours before quantification. In separate experiments, enriched neutrophils from several
donors were mixed with varying numbers of nasal epithelial cells (D562) for two hours,
without bacterial stimulation before quantification. Experiments were conducted at 37°C and
5% CO,.
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2.3. Nasal wash and flow cytometry:

Fresh nasal wash samples were collected from children aged 6-48 months by instillation and
immediate aspiration of 3mL of phosphate buffered saline as approved by the IRB of
Rochester General Hospital (approval number 1141B). The samples were obtained from
children experiencing a viral upper respiratory infection or middle ear infection. Samples
from healthy children did not contain enough cells to permit analysis. 200uL of whole NP
wash was used for flow cytometry with analysis completed within 3 to 5 hours of collection
(the remainder was preserved in TRI Reagent as described below). Samples were stained for
20 minutes at room temperature with antibodies against human CD16 and CD66b
(BioLegend) and analyzed using FlowJo version 10 (Tree Star). The same samples were
tested by RT-gPCR after freezing (see below).

2.4. RNA isolation and RT-qPCR:

NP wash samples were mixed with TRI Reagent (Sigma), followed by RNA extraction.
Briefly, chloroform was added to each sample (0.2x starting volume) for 3 minutes, followed
by 15 min centrifugation at 12,0009 at 4°C. Next, isopropanol was added to the aqueous
phase of each sample (0.5x starting volume) for 10 minutes, followed by 10 min
centrifugation at 12,0009 at room temperature. The isopropanol supernatant was discarded,
and 1x starting volume of 75% ethanol was added to each sample, followed by a final 10
min centrifugation at 12,000g. RNA samples were resuspended in 30uL UltraPure nuclease-
free water (ThermoFisher), and purity and concentration were measured by NanoDrop. Due
to variability in RNA concentrations, the maximum volume (14.2uL) was used for cDNA
synthesis. cDNA was prepared using a High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems) according to the manufacturer’s instructions. cDNA was diluted 1:5 in
nuclease-free water, and 5uL of the diluted cDNA was used to perform qPCR with a SYBR
Select master mix (Applied Biosystems) targeting /7TGAM (CD11b), FCGR3A (CD16),
LTBR(CD18), SELL (CD62L), and CEACAMSE (CD66b), with GAPDH and 185rRNA
used as reference genes (primer sequences in Table 1). Data are expressed as raw critical
threshold (CT) values or fold change calculated by the ddCT method as indicated.

2.5. Statistics:
Correlations and regression coefficients were calculated using the Im function in base R
version 3.1.1 (www.r-project.org). A 2-tailed Student’s ftest was used to compare sample
populations; bars in figures depict mean+SEM.

3. Results

3.1. mRNA encoding CD16, CD18, and CD62L are stably expressed and not significantly
altered by bacterial stimulation:

Prior publications on cell surface markers commonly used to identify neutrophils by flow
cytometry were considered to select promising gene targets for amplification. The most
prominent neutrophil markers include Macrophage-1 antigen, a complement receptor
composed of CD11b (encoded by /7TGAM) and CD18 (encoded by L7BR); the Fc receptor
CD16 (encoded by FCGR3A); the selectin CD62L (encoded by SELL); and the Neisseria
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receptor CD66b (encoded by CEACAMS) (Futosi et al., 2013; Youinou et al., 2002). We
therefore performed gPCR for these genes in samples of neutrophils isolated from whole
blood. /TGAMand CEACAMSE were not reliably detectable by gPCR in samples containing
<105 neutrophils (data not shown), but FCGR3A, LTBR, and SEL L were readily amplified,
with CT values for each gene below 38 (the manufacturer’s reported limit of detection in
gPCR) in samples containing as few as 10* neutrophils (Fig. 1A).

Since the target samples for this method would be NP wash and such samples typically
include bacteria, especially Spn, we sought to determine the effect of Spn on neutrophil
quantification with the gPCR method. We found that transcription of mMRNA encoding
CD16, CD18, and CD62L was not significantly altered by HK-Spn stimulation, and the
mean of all three is more resilient still, with only minimal variations in transcription within
and between treatment groups (Fig. 1B). Transcription of CXCL8, which is expressed by
neutrophils in response to stimuli (Chiewchengchol et al., 2016; Fujishima et al., 1993), was
significantly upregulated by HK-Spn stimulation of purified neutrophils (Fig. 1C),
demonstrating responsiveness of the samples to stimulation.

Mean CT of mRNA encoding CD16, CD18, and CD62L closely correlates with

neutrophil count:

Having established that transcription of FCGR3A, LTBR, and SELL was reliably detectable
and not significantly affected by stimulation with HK-Spn, we tested the correlation between
the mean CT value of FCGR3A, LTBR, and SELL (hereafter “mean neutrophil CT”) and the
neutrophil content in each sample of neutrophils isolated from blood. Since neither the
reference genes (GAPDH and 185) nor the neutrophil-specific genes (FCGR3A, LTBR, and
SEL L) were significantly affected by bacterial stimulation (Fig. 1B), we proceeded under
the assumption that the chief influence on their amplification would be the neutrophil count.
We found a highly significant correlation between the log-transformed neutrophil content of
a sample and the mean neutrophil CT (Fig. 2), which could be expressed as the following:

y:mlog2x+b

where x = the neutrophil content, = the mean CT value of mMRNA encoding CD16, CD18,
and CD62L, m= —1.54+0.10, and b =54.20+1.73. Rearranging this to solve for the
neutrophil content xyields:

x=2 " Equation 1:

3.3. Specificity of mean neutrophil CT in the presence of other cell types:

Pure populations of neutrophils are not usually encountered /in vivo, instead neutrophils are
usually encountered as part of a heterogenous mixture of leukocytes and epithelial cells
(Farrera and Fadeel, 2013; Heron et al., 2012; Nicu and Loos, 2016; Werner et al., 2011).
Since these other cell types also express Fc receptors, pathogen recognition receptors, and/or
selectins (Golebski et al., 2015; van Tongeren et al., 2015), we sought to determine whether
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the relationship described in Equation 1 could accurately measure neutrophil content in a
heterogenous sample containing nasal epithelial cells. To test this, we adjusted our /in7 vitro
model by combining varying numbers of neutrophils enriched from healthy adult blood with
varying numbers of human nasal epithelial cells (D562 cells), a cell line derived from human
nasopharyngeal epithelium commonly used as a model in /n vitro studies of respiratory
immunity (Bertuccini et al., 2004; Khan and Pichichero, 2012). In the presence of D562
cells, the relationship between neutrophil count and mean neutrophil CT shifted (Fig. 3A),
indicating that these cells possess contain appreciable quantities of FCGR3A, /TBR, and
SELL mRNA.

We determined that a mathematical adjustment for the CT values could correct for the
influence of D562 cells. In enriched-neutrophil samples, the mean dCT of FCGR3A, LTBR,
and SELL (after subtracting the mean CT of GAPDH and 185) was 7.81+£0.29. When D562
cells were added to the cultures, dCT values tended to be greater. Thus, subtracting 7.81
from the observed mean dCT of FCGR3A, LTBR, and SELL in samples containing both
D562 cells and neutrophils approximates the magnitude of the D562 influence. For example,
the mean dCT of FCGR3A, LTBR, and SELL in a sample of 1.4x10° neutrophils together
with 5.2x10° D562 cells was 12.61. Subtracting 7.81 from this number returned a correction
factor of 4.80. This correction factor could then be added to the mean CT of FCGR3A,
LTBR, and SELL to yield a corrected mean neutrophil CT which closely follows the pattern
established by pure neutrophil populations (Fig. 3B). When applied to Equation 1, the
corrected mean neutrophil CT returned a more accurate approximation of the neutrophil
content in a sample containing both neutrophils and human nasal epithelial cells (Fig. 3C).

3.4. Neutrophil content of nasal wash samples:

We next performed flow cytometry on nasal wash samples obtained from young children
experiencing viral upper respiratory infections or acute otitis media to assess the neutrophil
content of /n vivo samples. In eleven samples, we found that 79+5% of the cell content in
nasal wash was made up of neutrophils (defined as cells expressing both CD16 and CD66b)
(Fig. 4A, B). The remainder of each sample was frozen in TRI reagent and then used to
validate the PCR method described above. Since neutrophils were the predominant cell type
in these samples, the correction factor was relatively small (mean —0.75+0.26). Neutrophil
counts estimated by flow cytometry were highly correlated with predictions by qPCR (Fig.
4C). The qPCR method tended to predict more neutrophils (mean of 2.25+0.70-fold higher)
than flow cytometry. The ranks of neutrophil counts generated by both methods correlated
closely (Fig. 4D), such that samples with a higher neutrophil count predicted by PCR also
had a higher neutrophil count estimated by flow cytometry.

4. Discussion

We describe a novel quantitative method for estimating the neutrophil content of frozen
samples of nasal washes from the nasopharynx of human subjects. The human nasopharynx
is a clinically significant polymicrobial niche involved in upper and lower respiratory
infections (Chonmaitree et al., 2016; Gill et al., 2008; Teo et al., 2015; Tomlinson et al.,
2014). Immunity in the nasopharynx is carefully orchestrated to maintain a homeostatic
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balance between excessive tolerance and immune pathology (Chao et al., 2015; Phipps et al.,
2007; Ward et al., 2009). There is no molecular method currently described that can
accurately determine the quantitative recruitment of neutrophils to the nasopharynx.

After RNA extraction and cDNA synthesis, the mean CT values of FCGR3A, LTBR, and
SELL mRNA (the genes encoding CD16, CD18, and CD62L) determined by gPCR can be
used to estimate the quantity of neutrophils in a sample with a limit of detection around 10%
neutrophils. Though the stability of GAPDH transcription has been questioned in neutrophil
gene expression studies (Zhang et al., 2005), we observed no significant effects on its
expression by HK-Spn stimulation. The simultaneous use of GADPH and 185 supports our
interpretation that both genes are stable reference genes. The structural genes we tested did
not show significant variability in response to stimulation by bacterial components
commonly encountered in the nasopharynx, suggesting that the results will not be strongly
affected by the exact inflammatory status of a subject.

The gPCR measurement could be mathematically adjusted to provide accurate results in the
presence of epithelial cells (even when neutrophils make up only 6% of the cells in a
sample). Estimation of neutrophil content in heterogenous samples required the correction,
since calculation based on the uncorrected mean neutrophil CT tended to overestimate the
neutrophil content by a clinically relevant margin. Since epithelial cells only minimally
express the genes used to calculate the mean neutrophil CT, their contribution could be
readily identified. Since samples of nasal wash are predominantly composed of neutrophils
during illness, our method can be used to estimate the number of neutrophils present in these
samples. Similarly, burn injuries are also rich in neutrophils and epithelial cells, making
burned skin samples a good candidate for examination by this method. However, other
leukocytes highly express CD16, CD18, and CD62L, and are abundant in the lungs during
inflammation (Ghoneim et al., 2013; Heron et al., 2012), so this method is unlikely to be
accurate with BALF. A recent study of BALF in various human diseases found that
neutrophils typically made up only 6% of BALF cell content, while alveolar macrophages
and lymphocytes constituted 86% (Wojtan et al., 2016). We were unable to assess this
independently as we do not have access to human BALF samples.

A great advantage to this method is that it does not require live cells and can be performed
on preserved clinical samples. Flow cytometric or histological staining must be performed
with live cells immediately after collection. RNA extraction for reverse transcription by
gPCR, in contrast, can be performed at a later date, requiring only that cells be preserved in
a lysis buffer such as TRI reagent, after which they can be stored at —80°C for months to
years. This greatly facilitates collection and batch analysis of samples. While the PCR-based
counts do not perfectly reflect those derived from flow cytometric analysis of the same
samples, the estimates of neutrophil content correlated closely with one another across both
methods, and were within an average of 2-3 fold. Furthermore, nasal wash samples are a
highly heterogenous mixture of saline solution and mucous secretions, such that the flow
cytometry estimates of neutrophil counts are themselves subject to considerable variability.
Overall, the PCR estimates can be compared favorably to methods such as bacterial
quantification, which express counts of colony-forming units with respect to powers of 10.
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Estimation of neutrophil content in a sample will inform assessments of cytokine and
chemokine production. During inflammation, neutrophils are recruited to the site of
infections in response to elevated secretion of chemokines such as IL-8 and leukotrienes
(Nicu and Loos, 2016) during the early, pro-inflammatory phase of an immune reaction. The
later, resolving phases are characterized by the apoptosis and removal of neutrophils and
increased production of anti-inflammatory factors such as IL-10 and TGFB (Morris et al.,
2015, 2014; Zhou et al., 2008). Thus, the ability to measure neutrophil content in a sample
will improve understanding of the progression of inflammation during infection and injury.

5. Conclusion

We describe a novel procedure for quantifying neutrophils in frozen nasopharyngeal samples
also containing epithelial cells. We have validated the assumptions underlying this
measurement in nasal wash samples, and propose that it may be applicable to other types of
samples in which neutrophils constitute the most abundant leukocyte population.

Acknowledgments

Funding: This work was supported by the National Institute on Deafness and Other Communication Disorders
(RO1 DC008671).

References

Bertuccini L, Baldassarri L, von Hunolstein C, 2004 Internalization of non-toxigenic Corynebacterium
diphtheriae by cultured human respiratory epithelial cells. Microb Pathog 37, 111-118. [PubMed:
15351033]

Brigotti M, Carnicelli D, Arfilli V, Tamassia N, Borsetti F, Fabbri E, Tazzari PL, Ricci F, Pagliaro P,
Spisni E, Cassatella M a, 2013 Identification of TLR4 as the Receptor That Recognizes Shiga
Toxins in Human Neutrophils. J Immunol, doi:10.4049/jimmunol.1300122

Chao Y, Marks LR, Pettigrew MM, Hakansson AP, 2015 Streptococcus pneumoniae biofilm formation
and dispersion during colonization and disease. Front Cell Infect Microbiol 4, 194. doi:10.3389/
fcimb.2014.00194 [PubMed: 25629011]

Chiewchengchol D, Wright HL, Thomas HB, Lam CW, Roberts KJ, Hirankarn N, Beresford MW,
Moots RJ, Edwards SW, 2016 Differential changes in gene expression in human neutrophils
following TNF-a stimulation: Up-regulation of anti-apoptotic proteins and down-regulation of
proteins involved in death receptor signaling. Immunity, Inflamm Dis 4, 35-44. doi:10.1002/iid3.90

Chonmaitree T, Trujillo R, Jennings K, Alvarez-Fernandez P, Patel JA, Loeffelholz MJ, Nokso-
Koivisto J, Matalon R, Pyles RB, Miller AL, McCormick DP, 2016 Acute Otitis Media and Other
Complications of Viral Respiratory Infection. Pediatrics 137, peds.2015-3555-. doi:10.1542/peds.
2015-3555

Cohen ND, Bourquin JR, Bordin Al, Kuskie KR, Brake CN, Weaver KB, Liu M, Felippe MJB, Kogut
MH, 2014 Intramuscular Administration of a Synthetic CpG-Oligodeoxynucleotide Modulates
Functional Responses of Neutrophils of Neonatal Foals. PLoS One 9, €109865. doi:10.1371/
journal.pone.0109865 [PubMed: 25333660]

Farrera C, Fadeel B, 2013 Macrophage Clearance of Neutrophil Extracellular Traps Is a Silent Process.
J Immunol, doi:10.4049/jimmunol.1300436

Fujishima S, Hoffman AR, Vu T, Kim KJ, Zheng H, Daniel D, Kim Y, Wallace EF, Larrick JW, Raffin
TA, 1993 Regulation of neutrophil interleukin 8 gene expression and protein secretion by LPS,
TNF-alpha, and IL-1 beta. J Cell Physiol 154, 478-85. doi:10.1002/jcp.1041540305 [PubMed:
8436597]

J Immunol Methods. Author manuscript; available in PMC 2018 December 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morris et al.

Page 8

Futosi K, Fodor S, Mocsai A, 2013 Neutrophil cell surface receptors and their intracellular signal
transduction pathways. Int Immunopharmacol 17, 638-650. doi:10.1016/j.intimp.2013.06.034
[PubMed: 23994464]

Ghoneim HE, Thomas PG, McCullers J a, 2013 Depletion of Alveolar Macrophages during Influenza
Infection Facilitates Bacterial Superinfections. J Immunol 191, 1250-9. doi:10.4049/jimmunol.
1300014 [PubMed: 23804714]

Gill M. a, Long K, Kwon T, Muniz L, Mejias A, Connolly J, Roy L, Banchereau J, Ramilo O, 2008
Differential recruitment of dendritic cells and monocytes to respiratory mucosal sites in children
with influenza virus or respiratory syncytial virus infection. J Infect Dis 198, 1667-76. doi:
10.1086/593018 [PubMed: 18847373]

Golebski K, van Egmond D, de Groot E, den Dunnen J, Fokkens W, van Drunen C, 2015 Breaking
nasal epithelial cell tolerance lipopolysaccharide exposure by CD16 mediated co-stimulation with
human serum immunoglobulin G. Clin Transl Allergy 5, P4. doi:10.1186/2045-7022-5-54-P4

Heron M, Grutters JC, Ten Dam-Molenkamp KM, Hijdra D, Van Heugten-Roeling A, Claessen AME,
Ruven HJT, Van den Bosch JMM, Van Velzen-Blad H, 2012 Bronchoalveolar lavage cell pattern
from healthy human lung. Clin Exp Immunol 167, 523-531. doi:10.1111/j.
1365-2249.2011.04529.x [PubMed: 22288596]

Hunter SE, Jung D, Di Giulio RT, Meyer JN, 2010 The QPCR assay for analysis of mitochondrial
DNA damage, repair, and relative copy number. Methods 51, 444-51. doi:10.1016/j.ymeth.
2010.01.033 [PubMed: 20123023]

Jacob F, Guertler R, Naim S, Nixdorf S, Fedier A, Hacker NF, Heinzelmann-Schwarz V, 2013 Careful
Selection of Reference Genes Is Required for Reliable Performance of RT-gPCR in Human
Normal and Cancer Cell Lines. PL0oS One 8. doi:10.1371/journal.pone.0059180

Khan MN, Pichichero ME, 2012 Vaccine candidates PhtD and PhtE of Streptococcus pneumoniae are
adhesins that elicit functional antibodies in humans. Vaccine 30, 2900-7. doi:10.1016/j.vaccine.
2012.02.023 [PubMed: 22349524]

Kobayashi Y, 2008 The role of chemokines in neutrophil biology. Front Biosci 13, 2400-7. [PubMed:
17981721]

Kolaczkowska E, Kubes P, 2013 Neutrophil recruitment and function in health and inflammation. Nat
Rev Immunol 13, 159-75. doi:10.1038/nri3399 [PubMed: 23435331]

Morris MC, Gilliam EA, Button J, Li L, 2014 Dynamic modulation of innate immune response by
varying dosages of lipopolysaccharide (LPS) in human monocytic cells. J Biol Chem 289, 21584—
90. doi:10.1074/jbc.M114.583518 [PubMed: 24970893]

Morris MC, Gilliam EA, Li L, 2015 Innate Immune Programing by Endotoxin and Its Pathological
Consequences. Front Immunol 5, 1-8. doi:10.3389/fimmu.2014.00680

Murray PJ, Wynn T a, 2011 Protective and pathogenic functions of macrophage subsets. Nat Rev
Immunol 11, 723-37. doi:10.1038/nri3073 [PubMed: 21997792]

Nicu EA, Loos BG, 2016 Polymorphonuclear neutrophils in periodontitis and their possible
modulation as a therapeutic approach. Periodontol 2000 71, 140-63. doi:10.1111/prd.12113

Phipps S, Lam CE, Foster PS, Matthaei KI, 2007 The contribution of toll-like receptors to the
pathogenesis of asthma. Immunol Cell Biol 85, 463-70. doi:10.1038/sj.icb.7100104 [PubMed:
17680012]

Teo SM, Mok D, Pham K, Kusel M, Serralha M, Troy N, Holt BJ, Hales BJ, Walker ML, Hollams E,
Bochkov YA, Grindle K, Johnston SL, Gern JE, Sly PD, Holt PG, Holt KE, Inouye M, 2015 The
Infant Nasopharyngeal Microbiome Impacts Severity of Lower Respiratory Infection and Risk of
Asthma Development. Cell Host Microbe 17, 704-715. doi:10.1016/j.chom.2015.03.008
[PubMed: 25865368]

Tomlinson G, Chimalapati S, Pollard T, Lapp T, Cohen J, Camberlein E, Stafford S, Periselneris J,
Aldridge C, Vollmer W, Picard C, Casanova J-L, Noursadeghi M, Brown J, 2014 TLR-Mediated
Inflammatory Responses to Streptococcus pneumoniae Are Highly Dependent on Surface
Expression of Bacterial Lipoproteins. J Immunol 193, 3736-45. doi:10.4049/jimmunol.1401413
[PubMed: 25172490]

Van Avondt K, van der Linden M, Naccache PH, Egan DA, Meyaard L, 2016 Signal Inhibitory
Receptor on Leukocytes-1 Limits the Formation of Neutrophil Extracellular Traps, but Preserves

J Immunol Methods. Author manuscript; available in PMC 2018 December 03.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morris et al.

Page 9

Intracellular Bacterial Killing. J Immunol 196, 3686—94. doi:10.4049/jimmunol.1501650
[PubMed: 27016607]

van Tongeren J, R6schmann KIL, Reinartz SM, Luiten S, Fokkens WJ, de Jong EC, van Drunen CM,
2015 Expression profiling and functional analysis of Toll-like receptors in primary healthy human
nasal epithelial cells shows no correlation and a refractory LPS response. Clin Transi Allergy 5,
42. doi:10.1186/s13601-015-0086-3

Ward JR, Wilson HL, Francis SE, Crossman DC, Sabroe I, 2009 Translational minireview series on
immunology of vascular disease: inflammation, infections and Toll-like receptors in cardiovascular
disease. Clin Exp Immunol 156, 386-94. doi:10.1111/j.1365-2249.2009.03886.x [PubMed:
19309349]

Werner JL, Gessner MA, Lilly LM, Nelson MP, Metz AE, Horn D, Dunaway CW, Deshane J, Chaplin
DD, Weaver CT, Brown GD, Steele C, 2011 Neutrophils produce interleukin 17A (IL-17A) ina
Dectin-1- and IL-23-dependent manner during invasive fungal infection. Infect Immun 79, 3966—
3977. doi:10.1128/1A1.05493-11 [PubMed: 21807912]

Wojtan P, Mierzejewski M, Osifska I, Domagata-Kulawik J, 2016 Macrophage polarization in
interstitial lung diseases. Cent Eur J Immunol 2, 159-164. doi:10.5114/ceji.2016.60990

Youinou P, Durand V, Renaudineau Y, Pennec Y-L, Saraux A, Jamin C, 2002 Pathogenic effects of
anti-Fc gamma receptor 111b (CD16) on polymorphonuclear neutrophils in non-organ-specific
autoimmune diseases. Autoimmun Rev 1, 13-19. doi:10.1016/S1568-9972(01)00002-7 [PubMed:
12849053]

Zhang X, Ding L, Sandford AJ, 2005 Selection of reference genes for gene expression studies in
human neutrophils by real-time PCR. BMC Mol Biol 6, 4. doi:10.1186/1471-2199-6-4 [PubMed:
15720708]

Zhou L, Lopes JE, Chong MMW, lvanov II, Min R, Victora GD, Shen Y, Du J, Rubtsov YP, Rudensky
AY, Ziegler SF, Littman DR, 2008 TGF-beta-induced Foxp3 inhibits T(H)17 cell differentiation by
antagonizing RORgammat function. Nature 453, 236—40. doi:10.1038/nature06878 [PubMed:
18368049]

J Immunol Methods. Author manuscript; available in PMC 2018 December 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Morris et al.

A

40 -
30 1

201

CT value

104

CT vs count

/\/\4\”\'*»‘

-~ CD16
= CD18
-~ CD62L

Fold Change

o

)

0 T T T T 1
4x109%  2x100¢  7x10%¢  3x10°5 1x10°% 4x10%

Neutrophil Count

IL-8
Fkk
.l

. —

. [
O
C?. -
Unstim HK-Spn
Figure 1.

Page 10

CD16 CcD18
15 10
@ [
o o 8 . L]
o :: P o 4 : =
o s R agt o .
e = R — i
$9000y000® "saggu®
Unstim HK-Spn Unstim HK-Spn
CD6é2L Mean (CD16, CD18, CD62L)
15 20
o [
= . Dis . -
g 10 8 o . s
o o - O10] iRt wE—
o s ‘e - S 6 o* .
o —% —— o 0 .
w o . w
0.0
Unstim HK-Spn Unstim HK-Spn

A) CD16, CD18, and CD62L are reliably detectable in samples containing as few as 104
neutrophils. B) Transcription of CD16, CD18, and CD62L is not significantly altered by
stimulation with HK-Spn, and the mean expression of all 3 genes shows increased stability.
C) IL-8 transcription is significantly increased by HK-Spn (p<0.0001).
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Figure 2.
Average CT value of CD16, CD18, and CD62L can be expressed as a function of log-

transformed neutrophil count in a sample isolated from healthy adult blood, and is not
strongly affected by 2 hour stimulation with heat-killed Spn. Results are from 3 donors in 3
independent experiments with 6 dilutions each; fitted line depicted in black.

J Immunol Methods. Author manuscript; available in PMC 2018 December 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Morris et al.

A

Mean Neutrophil CT

L4 °
Bl o
]
.
'Y L ]
Q- . o..
4 .
L
o
0 | o o
N ° L ] .
) S e
. Neutroph!Is L4 . oo
Neutrophils+D562 o e
16e4  64ed  26e5  1eb
Neutrophils

»
o
f

w
o
i

-
o
1

Calculated/A ctual Neutrophils
)
o

o

Uncorrected

[

Corrected

Figure 3.

W

Corrected Neutrophil CT

Page 12

©
[sp] [ ] Y

L4 .
<
™

8

~ °
N

. .

.
Q- s .
*s
© | %o
3
> %

< | L] L
~ .

® Neutrophils o *° oo

i .
(Qll Neutrophils+D562 e
1.6e4 6.4e4 2.6e5 1e6
Neutrophils

Specificity of mean neutrophil CT in the presence of varying numbers of D562 respiratory
epithelial cells. A) Mean neutrophil CT of heterogenous cultures is shifted. B) Adjusting the
mean neutrophil CT according to a correction factor derived from the mean dCT of CD16,
CD18, and CD62L relative to GAPDH and 18S corrects for the shift introduced by D562
cells. C) Accuracy of calculated neutrophil content in heterogenous samples using corrected
and uncorrected CT values (Uncorrected mean accuracy = 8.40+1.27; Corrected mean
accuracy = 1.33+0.16).
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Assay performance in human samples. A) Representative flow cytometry plot of neutrophils
present in a sample of total, unprocessed nasal wash. B) Neutrophil content of 11 nasal wash
samples. C) Accuracy of PCR prediction compared to neutrophil count estimated by flow

cytometry. D) Comparisons of ranked neutrophil counts estimated by PCR and flow

cytometry.

J Immunol Methods. Author manuscript; available in PMC 2018 December 03.



Morris et al. Page 14

Table 1.

Primer sequences used in these experiments. All primers were verified to target mature RNA sequences and
exclude genomic DNA by NCBI's BLAST tool. All melt curves for gPCR results had only one peak.
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Gene hame Primer Sequence (5°-3")
F| ACGGATTTGGTCGTATTGG
GAPDH
R | GGAAGATGGTGATGGGATTT
F | cGAGACTCTGGCATGCTAACTAG
185
R | ceAcaTcTAAGGGCATCACAG
fccraa | F | TCGAGCTACTTCATTGACGC
(CD16) | R | GATATGGACTTCTAGCTGCACC
,78r | F| cTeeAacTAcCTGACCATCT
(€D18) | g [ GTTACCCTTCCCAACTTCATC
SELL F | cTacacAAGGACCAAGCAAAG
(CD62L) | R | CCGGATTCCTATCCAGTAGTA
cxcis | F GCAGCCTTCCTGATTTCT
(IL-8) R ACTTCTCCACAACCCTCT
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