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Abstract

Head and neck squamous cell carcinoma (HNSCC) is known to cause substantial immunosuppression. The present study
was designed to characterize blood leukocyte activation in HNSCC and to investigate if the individual activation pattern
could be related to tumor progress and survival. The leukocyte activation profile of HNSCC patients and healthy controls
was assessed with flow cytometry. HNSCC patients displayed increased numbers of monocytes, neutrophils and total
leukocytes as well as an enhanced neutrophil/lymphocyte ratio. In addition, patients had a higher percentage of CD69+,
CD71+ and CD98+ T cell subsets and NK cells, and a reduced expression of L-selectin in CD14highCD16+ monocytes and
neutrophils, when compared to controls. These changes could be correlated to both tumor burden and spread to lymph
nodes. Among the cancer patients an increased neutrophil/lymphocyte ratio, a low neutrophil and CD14high CD16+

monocyte activation state and an elevated CD4/CD8 ratio were related to poor survival. In contrast, a high percentage of
CD98+ Th cells appeared to be associated with a better outcome. Taken together, the present data indicate that HNSCC
causes activation of blood leukocytes and that the individual activation pattern can be linked to prognosis.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is aggressive

in nature. It induces production of cytokines and growth factors

that regulate the expression of genes controlling growth, survival,

and chemosensitivity [1,2]. Such dysregulation of the inflamma-

tory response is believed to perpetuate the malignant phenotype.

In addition, HNSCC tumors have the ability to produce

immunosuppressive mediators that affect the immune function of

the host. Local interactions between the tumor and infiltrating

leukocytes are also suggested to cause immunological alterations,

e.g. an increased number of activated T cells [1,2,3,4,5,6].

However, reports concerning leukocyte activation are not

unequivocal. Some authors have found reduced leukocyte

numbers among HNSCC patients, whereas others have not

[3,4,7]. The present study was designed to investigate the role of

leukocytes and their activation in HNSCC. To this end, peripheral

blood from newly diagnosed, still untreated patients was compared

to blood obtained from healthy age- and gender-matched controls.

An attempt to link these changes to tumor burden, lymphatic

spread and survival was also made.

Materials and Methods

Ethical Statement
The study was approved by the Ethics Committees of

Karolinska Institutet and Lund University and a written informed

consent was obtained from all participants.

Patients
In total, 20 patients (14 males and 6 females) diagnosed with

HNSCC were sampled before initiation of treatment along with 20

healthy controls (12 males and 8 females). The median age of the

patients was 69 years (range 52–87) and of the controls 70 years

(range 51–89). The control individuals were closely matched to the

cancer patients regarding age, gender, medication, smoking and

alcohol consumption. Neither control subjects nor HNSCC

patients had autoimmune disorders, ongoing immune modulating

medication or a previous history of malignant diseases. The

clinical tumor (T) and lymph node (N) classification of the cancer

patients at the time of inclusion are shown in Table 1. The

patients’ different tumor locations were as follows: 4 epiphar-

yngeal, 2 esophageal, 6 tonsillar, 2 gingival, 1 laryngeal, 3

hypopharyngeal, 1 tongue, and finally 1 dermal location.
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Blood sampling
Two blood samples were collected from each individual; 4 ml in

a test tube containing EDTA for leukocyte differential count

analysis performed on a CoulterH LH750/GenS cell counter

(Beckman Coulter, Marseille, France), and another 4 ml in a tube

containing buffered tri-sodium citrate for flow cytometry analysis.

To ensure identical blood sampling the procedure was carried out

in the morning after at least 30 min rest.

Antibodies and reagents
The monoclonal antibody (mAb) combinations used for flow

cytometry analysis are presented in the Table S1. The following

mAbs detecting various surface antigens were purchased from

Beckman Coulter: CD3-ECD (clone UCHT1), CD4- PCy5

(13B8.2), CD11c-RPE (BU15), CD14-PCy5 (RMO52), CD16-

ECD (3G8), CD16-PCy5 (3G8), CD25-ECD (B1.49.9), CD56-

PCy5 (N901), CD62L-RPE (DREG56), CD64-PCy5 (22), CD69-

RPE (TP1-55-3), CD69-ECD (TP1-55-3), CD71-FITC

(YDJ1.2.2), chemoattractant receptor-homologous molecule ex-

pressed on T helper (Th)2 cells (CRTH2)-RPE (BM16) and

human leukocyte antigen (HLA)-DR-PCy5 (Immu357). CD98-

FITC (44D7) was obtained from Serotec (Oxford, UK), whereas

forkhead box p3 (Foxp3)-FITC (PCH101) and CD123-FITC

(6H6) were from eBioscience (San Diego, CA). CD8-FITC (DK25)

and CD14-FITC (TÜK4) were purchased from DakoCytomation

(Glostrup, Denmark), while CD71-PCy5 (M-A712) and lineage

cocktail (Lin; FITC-conjugated mAbs directed against CD3 (SK7),

CD14 (Mı̂P9), CD16 (3G8), CD19 (SJ25C1), CD20 (L27) and

CD56 (NCAM16.2)) were from BD Bioscience (San Jose, CA). An

RPE-conjugated mAb against blood dendritic cell antigen 2

(BDCA2; AC144) was from Miltenyi Biotec (Bergisch Gladbach,

Germany). The following isotype controls were used: msIgG-

FITC, msIgG1-RPE (P3) and msIgG1-PCy5 (P3) from

eBioscience, and msIgG2b-ECD (MPC-11) from Beckman Coul-

ter.

Flow cytometry analysis
Blood from 20 HNSCC patients and 20 healthy controls was

analyzed on a Coulter Epics XL flow cytometer (Beckman

Coulter) and leukocytes were gated based on forward and side

scatter properties (Figure S1). Events in the range 40,000–200,000

were collected depending on the occurrence of the investigated

leukocyte population, and analyzed with Expo32 analysis software

(Beckman Coulter). To ensure flow cytometric standardization, the

voltage settings were updated daily using FlowSet calibration

beads (Beckman Coulter). All mAbs were titrated before use, and

staining intensity was controlled on a weekly basis. For extracel-

lular staining, 50 ml blood was incubated with mAbs for 20 min.

Erythrocytes were lyzed with 600 ml 0.1% (v/v) formic acid for 3–

5 seconds and the ionic strength was rendered iso-osmotic by

addition of 280 ml 51 mM Na2CO3, 0.20 M Na2SO4 and 0.22 M

NaCl. Intracellular staining of Foxp3 was performed using the

IntraPrepTM Permeabilization Reagent Kit, according to instruc-

tions of the manufacturer (Beckman Coulter). For both extra- and

intracellular staining, cells were washed in PBS and resuspended in

PBS containing 1% formaldehyde prior to analysis.

Statistics
Statistical analysis was performed using GraphPad Prism 5

(GraphPad Software, San Diego, CA). For normally distributed

data statistical analysis was determined using unpaired Student’s t-

test, with Welch correction if the variances were non-homogenous.

The nonparametric Mann Whitney test was used for not normally

distributed unpaired data. n is equal to the number of independent

donors and p-values#0.05 were considered statistically significant.

The survival function from life-time data was estimated using

Kaplan-Meier analysis and a log rank test was utilized to examine

the significance of the difference of the survival distribution

between the groups.

Results

A leukocyte differential count indicated that the total number of

leukocytes, neutrophils and monocytes was higher in HNSCC

patients than among controls (Fig. 1A–C). No such difference was

observed for lymphocytes, eosinophils or basophils. The neutro-

phil/lymphocyte ratio, suggested to be an indicator of prognosis

for various types of cancer [8,9,10,11], was higher among the

cancer patients (Fig. 1D). The percentage of various leukocyte

subsets, CD3+ T cells, CD8+ cytotoxic T lymphocytes (CTLs),

CD4+ Th cells (comprising both Th1 and Th2 cells),

CD4+CRTH2+ Th2 cells and CD4+CD25highFoxp3+ regulatory

T cells (Tregs), along with CD32CD56+CD16+ NK cells, were

analyzed using flow cytometry. In contrast to the differential count

data, the flow cytometry analyses showed no change in the

different leukocyte subsets between the HNSCC patients and the

control individuals. Neither did the distribution of dendritic cells

(DCs), as judged by staining of CD123+BDCA2+ plasmacytoid

DCs (pDCs) and Lin2CD11c+HLA-DR+ myeloid DCs (mDCs),

show any differences between the two groups analyzed (data not

shown).

HNSCC patients had a higher value of the total T cell

population positively stained for the early activation marker CD69

and the proliferation marker CD71 compared to healthy

individuals (Fig. 2A and B). Further analyses of various T cell

subsets revealed that an increased frequency of CTLs from

patients with HNSCC expressed CD69 and CD71 (Fig. 2C and D)

and Th cells from the same patients displayed an increased

percentage of CD69, CD71 and CD98 (Fig. 2E–G). The CD98

upregulation might be related to the Th2 phenotype, as an

increased number of Th2 cells was positive for CD98 (Fig. 2H).

The Th presentation of the IL-2 receptor alpha-chain (CD25) did

not differ between the two groups. Finally, the percentage of

CD69+ NK cells was increased in cancer patients, whereas no

difference was observed for the CD71+ NK cells (Fig. 2I and data

not shown).

Neutrophils and monocytes, including various monocyte

subpopulations (CD14highCD162, CD14highCD16+ and

CD14dimCD16+), were investigated for their expression of the

adhesion molecule CD62L (L-selectin) and CD69. Neutrophils

Table 1. Clinical tumor (T) and lymph node (N) classification
of the HNSCC patients.

N stage Total

0 1 2 3

T stage 1 0 0 0 0 0

2 3 0 5 0 8

3 4 0 1 0 5

4 3 0 2 1 6

X1 0 0 1 0 1

Total 10 0 9 1 20

1x – Tumor size not determined.
doi:10.1371/journal.pone.0051120.t001

Leukocytes Activation Correlates to Survival
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and CD14highCD16+ monocytes exhibited a low mean fluores-

cence intensity (MFI) of L-selectin (Fig. 2J, K) in HNSCC patients.

No other discrepancies were observed.

When the size of the primary tumor, as either T1/T2 or T3/T4

(10), was related to the individual leukocyte activation pattern the

T3/T4 group presented a higher number of Th cells and a lower

percentage of CTL than the T1/T2 group (Fig. 3A and B).

Accordingly, the CD4/CD8 ratio, often used as a prognostic

indicator [12,13], was higher among the T3/4 patients (Fig. 3C).

In addition, the number of CD69 expressing monocytes as well as

the CD14highCD162 and CD14highCD16+ subgroups, was

increased among those with a more advanced disease. This group

had a higher frequency of CD14dimCD16+ monocytes positive for

L-selectin (Fig. 3D–G). It is also worth noticing that patients with

lymphatic spread (N+) exhibited a higher neutrophil/lymphocyte

ratio than patients without metastases (N0). The N+ patients also

displayed an elevated percentage of CD69+ and CD71+ T cells, a

higher number of Th cells expressing CD71 and a higher CD71

density (MFI) on their NK cells (Fig. 4A–E).

To evaluate the prognostic value of the leukocyte markers,

described above, the patient’s status at the time of cancer

discovery, before any treatment was given, was related to the

total survival during a 24 months observation period. The

HNSCC group was divided according to the mean values of the

different parameters, characterized as either higher than mean or

lower than mean. The group with a high neutrophil/lymphocyte

ratio had a worse outcome than the lower mean ratio group. A

higher number of activated neutrophils and CD14high CD16+

monocytes, determined by a lower CD62L expression, and an

elevated number of CD98+ Th cells predicted a better survival

(Fig. 5A–D). The CD4/CD8 ratio is an index with disputed

prognostic value [3,13,14,15,16]. Here we show that patients with

a high ratio were found to have a reduced survival (Fig. 5E).

Generally, the prognostic value of the leukocyte factors seemed to

be most pronounced during the first 12 months after diagnosis

(Fig. 5A–E).

Discussion

The present study suggests that the HNSCC patients display

increased numbers of total leukocytes, neutrophils and monocytes,

and accordingly a higher neutrophil/lymphocyte ratio than

control subjects. The cancer patients also exhibit an enhanced

percentage of activated T cell subsets and NK cells, as determined

by an increase in the density of CD69, CD71 and CD98. In

addition, CD14highCD16+ monocytes and neutrophils from

HNSCC patients have a lower expression of L-selectin. The

activation frequency of total T cells, Th cells, NK cells and

monocyte populations seems to correlate with tumor burden and

lymphatic spread in such a way that a high state of activation can

be found among patients with a more severe disease. It also

appears as if the neutrophil/lymphocyte ratio as well as the

activation status of neutrophils, CD14high CD16+ monocytes and

Th cells, at the time of cancer diagnosis, is linked to the patient’s

life expectancy.

High numbers of neutrophils and monocytes were observed in

HNSCC patients using differential count analysis. No such

differences were found with flow cytometry. This disparity could

be related entirely to the analysis methods used. It needs to be

emphasized that classification of leukocytes by differential count

Figure 1. The number of (A) total leukocytes, (B) neutrophils, (C) monocytes, and (D) the neutrophil/lymphocyte ratio in blood from patients with
HNSCC (n = 20) and controls subjects (n = 20) was determined by leukocyte differential count analysis. * p#0.05; ** p#0.01; *** p#0.001.
doi:10.1371/journal.pone.0051120.g001

Leukocytes Activation Correlates to Survival
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depends on volume, conductivity and light scattering, whereas

flow cytometry simply distinguishes leukocyte subsets by their cell

surface markers. The difference in results may also be affected by

the way data is presented as either absolute number or as

percentage. In line with this, Kuss et al. has shown a reduced

absolute number of total T cells, Th cells and CTLs in patients

with HNSCC without any corresponding changes in the

percentage [7].

The increased number of neutrophils and monocytes seen in the

HNSCC patients are supported by previous reports showing

similar findings in other types of cancer [8,17,18]. The increase

might reflect an increased inflammation and an enhanced

infiltration of immature neutrophils and monocytes from the bone

marrow as a consequence of an increased leukocyte turnover.

Accordingly, the high neutrophil-lymphocyte ratio, that was

observed in the HNSCC patients, indicates an ongoing systemic

inflammation [19]. Furthermore, a high neutrophil-lymphocyte

ratio appears to be synonymous with a reduced survival rate,

which suggests that a high systemic inflammation is linked to the

patient’s life expectancy. This is in accordance to recent reports

suggesting this ratio to be a potential prognostic factor in several

forms of cancer [8,9,10,11,19]. The role of neutrophils in cancer

has recently gained attention. They are thought to be pro-

tumorigenic by secretion of pro-angiogenic substances and

suppression of the adaptive immune system [20,21,22]. In

contrast, there are studies reporting an anti-tumorigenic role for

these cells. Gregory and Houghton have suggested that activated

neutrophils can elicit antitumor activity [22,23]. In support of this,

the present data demonstrates that HNSCC patients with a higher

frequency of activated neutrophils have a better survival.

CD14highCD16+ monocytes are known to produce IL-10. The

enhanced activation of these monocytes seen among the HNSCC

patients can contribute to the elevated IL-10 concentration that

has previously been found in serum of such patients [24,25].

Therefore, it was no surprise that patients with an advanced

disease exhibited a higher activation of these monocytes as

compared to patients with a milder tumor burden. In contrast, the

increased survival rate of patients with an elevated activation

frequency of these IL-10 producing CD14highCD16+ monocytes

was surprising. However, these monocytes might have until now

unknown anti-tumor functions that might contribute to an

increased survival. The present data indicate that, with the

exception of the more mature monocyte population

CD14dimCD16+, patients with an increased tumor burden

Figure 2. Blood from HNSCC patients (n = 20) and controls (n = 20) was incubated with different Abs and analyzed with flow
cytometry. (A, B) Abs against CD3, CD69 and CD71 were used to distinguish activated total T cells. (C, D) To identify activated cytotoxic T
lymphocytes (CTLs) CD69, CD71 and CD8 Abs were used. (E, F, G) CD4+ T helper (Th) cells were discriminated by CD4 Abs, and the activation status
was established using CD69, CD71 and CD98 Abs. (H) Th2 cells were detected by CD4 and CRTH2 Abs, and the frequency of CD98+ Th2 cells was
determined. (I) CD3, CD16, CD56 and CD69 Abs were used to discriminate CD69+ CD32CD16+CD56+ natural killer (NK) cells. (J) Neutrophils were
determined as CD16+ granulocytes, and the mean fluorescence intensity (MFI) of CD62L+ cells was calculated. (K) Staining of CD14, CD16 and CD62L
was used to discriminate activation of the monocyte population CD14highCD16+. The MFI of CD62L+ CD14highCD16+ monocytes was established. *
p#0.05; ** p#0.01; *** p#0.001.
doi:10.1371/journal.pone.0051120.g002

Leukocytes Activation Correlates to Survival
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generally exhibit a more active monocytes profile. It has previously

been reported that there is an increased activation of immature

macrophages in cancer patients [26]. This indicates that the

activated monocytes in patients with a more advanced disease

might be of a more immature phenotype.

The tumor appears to affect the frequency of CTLs and Th

cells, as demonstrated by an increase in Th cells and a decrease in

CTLs as well as a higher CD4/CD8 ratio, and thereby inhibiting

the anti-tumorigenic CTL response and promoting a pro-

tumorigenic environment. In accordance, previous reports have

demonstrated an increase in the percentage of T cells and Th cells

in addition to a decrease in CTLs in patients with an advanced

tumor disease [4]. A high CD4/CD8 ratio was also connected to

poor survival. The prognostic value of this ratio has been disputed

by several studies showing contradictory results [3,13,14,15,16].

The present data supports the notion that this ratio indicates that

patients with a high anti-tumorigenic response have a better

chance of survival.

The high number of activated T cell subsets and NK cells

among the HNSCC patients and specifically in patients with a

verified lymph node metastasis reveals an enhanced immune

activation that corresponds well with the increased neutrophil-

lymphocyte ratio. Both indicate an accelerated systemic immune

activity and an enhanced leukocyte turnover. In agreement,

increased levels of CD69+ T cells have been shown in patients with

advanced HNSCC [4]. The increase in Th2 activation might also

be the result of the tumors to promote a pro-tumorigenic immune

response. The increased activation of the Th2 cells was only

accompanied by an increased expression of CD98 and not CD69

or CD71. It is not inconceivable that this observation reflects the

fact that the microenvironment of the tumor attracts individual

cells. The increased Th2 cell activation is well in analogy with

previous studies reporting high levels of Th2 cytokines in serum,

including IL-4, IL-6, IL-10 and granulocyte-monocyte colony-

stimulating factor (GM-CSF) [1,27]. The increased frequency of

CD98+ Th cells that was presently found to be linked to survival

Figure 3. Blood from HNSCC patients was incubated with various Abs, followed by flow cytometry analysis. The HNSCC patients were
divided according to the size of the primary tumor (stage T1/T2 versus T3/4; n = 9 and n = 11, respectively). (A) T helper (Th) cells were defined as CD4+

lymphocytes, whereas (B) cytotoxic T lymphocytes (CTLs) were identified by CD8, and (C) the CD4/CD8 ratio was calculated. (D) CD14 and CD69 were
used to discriminate activated monocytes. (E) CD69 expressing CD14highCD162 monocytes were identified. (F) The monocyte population
CD14highCD16+ was recognized and the number of CD69+ cells was determined. (G) In addition, the percentage of CD62L+ CD14highCD16+

monocytes was established. * p#0.05; ** p#0.01.
doi:10.1371/journal.pone.0051120.g003

Leukocytes Activation Correlates to Survival
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could reflect an amplified Th1 anti-tumor activity, since no

association was found for activated Th2 cells.

NK cells have cytolytic functions and are believed to play a role

in tumor immune surveillance [28]. It is therefore tempting to

speculate that the higher percentage of activated NK cells

Figure 4. Blood was obtained from HNSCC patients and divided according to presence of regional lymphatic node metastases (N0
versus N+; n = 10 and n = 10, respectively). (A) The neutrophil/lymphocyte ratio was determined by leukocyte differential count analysis. (B, C)
Blood was incubated with CD3, CD69 and CD71 Abs, and the percentage of activated total T cells was established with flow cytometry. (D) Abs
against CD4 and CD71 were used to identify activated T helper (Th) cells. (E) The mean fluorescence intensity (MFI) of CD62L+ CD32CD56+CD16+

natural killer (NK) cells was calculated. * p#0.05.
doi:10.1371/journal.pone.0051120.g004

Figure 5. A Kaplan-Meier survival analysis following diagnosis of HNSCC patients, before start of treatment, appeared to be related to (A) the
neutrophil/lymphocyte ratio, (B) expression of CD98 among the Th cells, (C) CD62L among neutrophils, and (D) CD14high CD16+ monocytes, and (E)
the CD4/CD8 ratio. The patients were divided according to the mean values of the parameters analyzed, characterized as either higher or lower than
mean. * p#0.05.
doi:10.1371/journal.pone.0051120.g005

Leukocytes Activation Correlates to Survival
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presently observed reflects an enhanced immune surveillance

activity against the tumor. However, it must be considered that

NK cells also have been attributed to impair anti-tumor functions

in HNSCC [6,29].

To conclude, the present study demonstrates that there is an

increased systemic inflammation in HNSCC patients. This was for

instance determined by an increased activation of leukocytes. It is

also clear that a higher frequency of activation is found among

patients with a more severe disease. Although, the number of

patients investigated is limited and the cancer population is

heterogeneous the results are clear cut indicating that the

leukocyte activation state at the time of diagnosis can be of

prognostic value for survival. Further, it signifies a tight link

between the immune phenotype and the anti-tumor immune

response and hence the survival of the patient.

Supporting Information

Table S1 Antibody panel used for flow cytometry analysis. 1Th

cells = T helper cells; 2CTLs = cytotoxic T lymphocytes; 3NK

cells = natural killer cells; 4pDCs = plasmacytoid dendritic cells;
5mDCs = myeloid dendritic cells; 6Linage cocktail = CD3-, CD14-,

CD16-, CD19-, CD20- and CD56-FITC.

(DOCX)

Figure S1 Blood from HNSCC patients (n = 20) and
controls (n = 20) was incubated with various Abs and
analyzed with flow cytometry. Lymphocytes, monocytes and

granulocytes were distinguished based on FS and SS plotting.

From these cell populations, CD3+ T cells, CD8+ cytotoxic T

lymphocytes (CTLs), CD4+ T helper (Th) cells, CD4+CRTH2+

Th2 cells, CD32CD56+CD16+ natural killer (NK) cells, CD16+

neutrophils, CD14+ monocytes, CD14highCD162 monocytes,

CD14highCD16+ monocytes and CD14dimCD16+ monocytes were

discriminated. Staining of CD62L, CD69, CD71 and CD98 was

used to determine the activation of the different leukocyte subsets.

(TIF)
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