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Abstract

Blood was collected from the New York State Department of Health (NYSDOH) employees to assess variances in leukocyte
numbers in January, May, and September throughout a year and over many years. Women and men of ages 20 to 80 volun-
teered to donate for this program. Most of the blood came from healthy individuals, and many remained healthy throughout
the years of their blood donations. The major objective was to determine the extent that blood leukocyte numbers change
so that transient vs more lingering changes may be helpful in assessing health status. Since some donors remained in the
program for 14 years, age influences over time could be determined. Within a short period of 2-3 years, the flow cytometric
immunophenotypic profile of blood lymphocyte is relatively stable with a CV% of <20%. However, as humans age, the
blood CD3" T cell, CD8* T cell, B cell, NKT cell, and CD4~/CD8~ double-negative T cell (DN-T cell) subsets declined in
cell numbers/pL, but the double-positive CD47/CD8* T cells (DP-T cells) increased in numbers. The extent and chronology
of a variance, e.g., a subset exceeding its 75th or 90th percentile, might be indicative of a transient or chronic physiological
or psychosocial stress affecting health or a developing pathology; however, because of the wide ranges of cell numbers/puL
for each subset among individuals reported as healthy, everyone’s immunity and health must be carefully evaluated. A CD4
to CD8 ratio (4/8R) of < 1 has been used to define an immunodeficiency such as HIV-induced AIDS, but a high 4/8R is less
well associated with health status. A high 4/8R or granulocyte to lymphocyte ratio (GLR) might be an indicator of a stress,
infection, or immune-related pathology. Sporadic and longitudinal increases of GLRs are reported. The results suggest that
there are some age and sex differences in leukocyte numbers; stress influences on the blood profile of leukocytes likely exist.
However, some values exceeding 2 standard deviations from means do not necessarily predict a health concern, whereas a
longitudinal increase or decline might be indicative of a need for further evaluations.
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Introduction leukocyte pattern may be indicative of a developing pathol-
ogy. It may be especially difficult to determine accurate

As with all clinical measurements, it is critical to establish measurements for minor T cell subunits since some clinical

accurate normal ranges and to know whether any aberrant
result is a transient change or a more consistent concern
requiring medical attention. A transient change may relate to
a psychosocial stress, which is known to alter a blood profile
[1, 2]; psychosocial stress may be benign or a sign of future
ill health. Any longitudinal increase in a particular blood
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immunology labs do not include CD3*/CD4*/CD8* double-
positive T cells (DP-T cells), CD3*/CD4~/CD8~ double-
negative T cells (DN-T cells), or CD3TCD16*CD56" NKT
cells in their patients’ reports, and these subsets have clinical
significance [3]. The difficulty with quantifying minor sub-
sets can be averted with inclusion of flow cytometric gates
on viable and non-aggregated cells, proper settings for the
CD37CD45MSSC" T cells, and collecting a minimum of
10* cells in the lymphocyte gate. Herein, leukocyte patterns
are presented for longitudinal results in percentages and
cell numbers/pL for several individuals who were immu-
nophenotyped at least 3 times per year, and for some over
a 14-year period to give examples of relatively long-term
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individual variance, which in general was reasonably stable
for relatively healthy individuals, including some > 60 years
of age. However, it often is determined that with increasing
age, there is diminished adaptive immunity [4] and increased
inflammaging or immunoaging [5, 6], which affects the lev-
els of proinflammatory cytokines that may alter the leuko-
cyte profile and may influence cancer incidence with age.
Valiathan et al. [7] reported blood leukocyte levels from
infants (1-7 months) to elderly (70-90 years) showing a
decline in percentage of lymphocytes and an increase in per-
centage of neutrophils; the number of lymphocytes declined
from children (1-6 years of age) to the older age groups
(adolescents, 12—18 years; adults, 21-50 years; elderly,
70-92). For the lymphocyte population, only the percent-
age of B cells declined with age; the NK cell percentage
increased from adults to elderly; DP-T, DN-T, and NKT cells
were not measured. Plasma cytokine levels also were meas-
ured for the adult and elderly group, and IFNy, IL-2, TNFa,
IL-6, and MCP-1 increased in the elderly group, suggesting
greater inflammation [7].

Many different environmental stressors may enhance the
balance between pro- and anti-inflammatory cytokines lead-
ing to immunosenescence [8] and age-related diseases [9,
10]. A high level of inflammation may enhance immunose-
nescence and enhance incidence of infections and cancers
with age. Connection of inflammation with cancer was men-
tioned as early as 1863 by Virchow [11]. The role of inflam-
mation is evident in several diseases, with obvious examples
being rheumatoid arthritis (RA) and inflammatory bowel
disease (IBD). With atrial fibrillation, an increase in the neu-
trophil-to-lymphocyte ratio (NLR) correlated with the pro-
inflammatory cytokine IL-17 [12]. A concern with COVID-
19 has been high levels of proinflammatory cytokines and
loss of immune cells [13]. SARS-COV-2 patients with more
severe disease had high levels of neutrophils and lower levels
of lymphocytes with higher levels of IL-6 [14].

A readily available indicator of systemic inflammation
is the NLR, since neutrophils increase in the blood during
inflammation and stress [2, 15]. NLR values have been
used for diagnosing cancers [16], cardiovascular disease
and stroke [15, 17-21], and neurological diseases, such as
depression and schizophrenia [22]. Elevated pre-treatment
NLR values of patients with breast cancer [23], non-small
cell lung cancer [24], gastric cancer [25], pancreatic can-
cer [26], and urothelial cancer [27] and many other cancers
were prognostic for worse overall survival. In a mouse
model of 1 h cold restraint stress, neutrophils were imme-
diately trafficked from the bone marrow to blood due to
sympathetic nervous system release of norepinephrine,
which also creates oxidative stress and suppression of T
cells [28]. NLR also was a measure of depression in rats
[29]. Thus, due to the heterogeneity of neutrophils with
suppressive or promoting effect on cancer [30] and the

influence of psychological stress on the inflammasome
[31] and the blood levels of neutrophils [2, 28, 32], it may
be important to evaluate the NLR at multiple times. The
positive beneficial influences of support groups for breast
cancer patients [33] may be related to lessening the stress
and lowering the NLR.

Since the lymphoid profile and NLR are markers for the
general immune response to various stress stimuli and for
diagnosing some major disorders, it is important to get more
than a single value since there might be a transient increase
due to a psychological and/or physical stress. Several stud-
ies have been performed to examine pre-operative NLR
and survival in years for colorectal cancer (CRC) patients’
post-surgery evaluations. Of these studies, 19 studies have
been reviewed by Haram et al. [34], and it was concluded
that a pre-operative NLR > 5 was associated with a short-
term survival and increased mortality. However, it should
be noted that the cutoff of an NLR of 5 was the highest
value and the cutoffs for all the studies ranged from 2 to
5. Another report described a meta-analysis of 144 stud-
ies that examined the utility of the NLR as a prognostic
tool for gastrointestinal cancer [35]. Here, too, the NLR
cutoff values varied, but it was evident that the higher NLR
resulted in a lower overall survival rate. NLR measurements
in conjunction with other markers of inflammation, platelet-
lymphocyte ratio (PLR), carcinoembryonic antigen (CEA),
carbohydrate antigen 19-9 (CA 19-9), lactate dehydroge-
nase (LDH), and C-reactive protein (CRP) were used to esti-
mate survival percentages of CRC patients [36]; a NLR of
3 was used as the cutoff, and it was found that an NLR > 3.0
dropped the probability of a 5-year survival down to 0.05.
In the case of cardiovascular diseases, monitoring the NLR
is more important after the surgery has been performed to
assess inflammation due to the procedure and to monitor
the healing process. Interestingly, patients with psychiatric
disorders, such as depression, have also been found to have
elevated NLRs [37, 38]. As an inflammatory biomarker, cli-
nicians have turned to NLR, because it is cost-effective and
has been shown to have some clinical reliability in predicting
patient overall survival.

In the study described herein, some subjects were fol-
lowed with immunophenotyping for 14 years. Some of the
volunteers were screened three times per year, and their lym-
phoid subsets and granulocyte to lymphocyte ratio (GLR)
were enumerated. GLR was used instead of NLR to keep
all analysis based on flow cytometry measurements since
some flow labs may not have hematological capability. A
longitudinal compilation of the flow cytometric analyses and
information obtained from the questionnaire completed at
the time of each blood draw were assessed with respect to
each study participant. Study subjects were mostly healthy
volunteers with a few exceptions; none had been diagnosed
with a cancer at the time of their analysis.
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Materials and methods
Study group

The individuals immunophenotyped for the lymphoid
subsets were 133 females and 50 males, and for GLR,
analyses were 90 females and 37 males. The total num-
ber of immunophenotyping analyses for lymphoid subsets
was 806, since many of the subjects were immunopheno-
typed multiple times. The subjects ranged in age from 19
to 84 years. The mean age of the donors was 45.2+9.6
for females and 50.5 +12.3 for males. For females, 8.6%
had an allergy, 5.7% had a pathology, and 4.8% had high
blood pressure. For males, 8.8% had an allergy, 11.1%
had a pathology, and 4.4% had high blood pressure. The
percentage of smokers was 14.4% for females and 11.1%
for males. The blood was obtained by New York State
Department of Health (NYSDOH) certified phlebotomists,
and only staff working at NYSDOH were allowed to par-
ticipate. All subjects provided written consent to partici-
pate in the NYSDOH IRB-approved project (Protocol #
98-108). Many individuals were immunophenotyped three
times per year, in January, May, and September. The age
of each donor was recorded at the time of the analyses,
which ranged from 1 to 23 times for an individual. Many
subjects were immunophenotyped a total of 6 times and
reported being healthy. Some consented donors did have
an identified health problem.

Blood collection and analysis

Blood samples were collected between 9:15 and 11:30
AM in K, EDTA BD Vacutainer® blood collection tubes
and were immediately analyzed. Immunophenotyping
for lymphoid cells was performed using the 4 or 6-color
Multitest reagents from BD Biosciences (Palo Alto, CA).
The whole blood was stained in BD Trucount™ tubes
according to the manufacturer’s protocol. Stained sam-
ples were run on BD FACSCalibur or FACSCanto instru-
ments using MultiSet software or FACSCanto clinical
software. Percentages for the minor T-cell subsets were
obtained by importing the data files generated in Multi-
Set or FACSCanto clinical software into a template set-up
using the CellQuest software or the FACSDiva software,
respectively. Figure 1 shows dot plots demonstrating how
the minor T-cell percentages were determined with the
FACSDiva software. Instrument settings for voltage and
compensation were held constant during the study. Side-
scatter (SSC) vs CD45 plots were set-up in both the Cell-
Quest and FACSDiva software, and a gate was made for
the lymphocytes. The lymphocyte gate was applied to a
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plot of CD19 (B cells) vs CD3 (T cells) and CD56+CD16
vs CD3 to measure the NKT cells and CD16/CD56™ T
cells. The CD3*CD16/CD56~ plot was then applied to
a plot for CD4 vs CDS8 to obtain the percentages of the
CD4-CDS8~ (DN-) and CD47CD8* (DP-) T cells and the
CD4*7CD8~ vs CD4~CD8* T cells. Cell counts for the
minor T cells were calculated from the counts for T cells
generated by the clinical software using the Trucount
tubes. Assays were performed by a single technician who
underwent proficiency testing at least three times per year.
Since our GLR calculation utilized the flow cytometric set
gate for lymphocytes (CD45"SSC!%) and that for granu-
locytes (neutrophils (N) + eosinophils, CD45°¥SSCM), the
GLR values differ from reports by others for the NLR in
that the lymphocyte gate may include a small percentage
of monocytes and the granulocyte gate includes eosino-
phils. Basophils are not included in the granulocyte gate
since they are CD45°VSSCY,

An inter-assay deviation test was performed to obtain the
CV% for the instrument and different preparations of the
same sample. Both percentages and cell numbers/pL were
assessed. One blood sample was stained with the 4-color
Multitest reagent 7 times and analyzed on the FACSCalibur
flow cytometer. All standard deviations were less than 1 for
the lymphocyte subset percentages, and all absolute counts
had a CV% <7. The greatest accuracy was obtained with
the absolute count for T cells having a CV% of 3.1. Similar
reproducibility was achieved with comparison of the same
sample multiple times with 4 color FACSCalibur vs 6 color
FACSCanto.

Statistics

All statistical analyses were performed using SigmaPlot
14.5. Means, ranges, standard deviation, and standard errors
were calculated for each parameter. Statistical analyses were
done using one-way to three-way ANOVA followed by
Dunn’s test to compare the results for age and sex; normal-
ity often failed so we ran ANOVA on ranks. Linear regres-
sion analysis was used to determine the relationship between
age and lymphocyte frequency. Any p value of <0.05 was
considered significant.

Results

Analysis of variation over time for the lymphocyte
subset counts

Table 1 shows the mean values of the leukocyte subsets
and their variances (CV %) for females and males who were
assayed 5-27 times for 2—12 years. Shown is the age range
of the subjects during their participation in the study, and
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Fig. 1 Flow cytometric analysis scheme for the leukocyte percentages and absolute numbers

the number of times immunophenotyping was performed on
each person. The results for many individuals indicated that
there were some changes in the absolute count for each lym-
phocyte subset over time. In general, the cell number of each
subset was somewhat consistent for many individuals. How-
ever, a few individuals did have substantial changes in some
subsets, and the overall range of cell numbers for a lymphoid
subset between individuals was quite wide, e.g., the T cell
range was 369-3006 cells/pL for females and 522-2693
cells/pL for males. If only an individual’s average was use,
the range was less (461-2595 and 765-2275 for females and
males, respectively), but the female range was still greater
than that for males (Table 2). As mentioned, some individu-
als were assayed three times per year and for many years,
and all values of each subset for all females and males were
used to show median values with 10th, 25th, 75th, and 90th
percentiles (Fig. 2). The two high values for CD4* T cells
(2621, 2549) were from the same female of 56, who had disk

surgery. The high number of B cells (2149, Fig. 2) was from
a male of 60, and his B cell values were 934 and 1230 when
he was 51 and 52. At 60, he also had the highest number of
NKT cells (326/ul), and he was later diagnosed with leu-
kemia. This male was not used for values shown in Table 3.
For the gender comparison of lymphoid subsets (Table 3),
we used the average of each subset from 104 females and 44
males; thus, the differences may be skewed since there were
more females, and more females were assayed more often
than males over more years. Although females tended to
have slightly more DP-T cells and CD4" T cells than males,
males had significantly more NK cells than females. NKT
cells were not quantified for subpopulations, but they were
predominantly CD4-CD8* and CD4*CD8™; the number of
these NKT cell subpopulations was not subtracted from the
T cell subpopulations, because as shown in Fig. 1, the T
cell subpopulations were calculated from the CD3tCD16/
CD56™ population.
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Table 2 Lymphoid subset of females and males (cell number/pL)*

Lymphoid subset ~ Females? Males® P value®

T cells 1426.3 +40.3¢ 1342.7+60.6 p=0.219
461-2595 765-2275

CD4* T cells 938.3+£29.3 872.0+43.9p=0.097
323-2223 482-1716

CD8* T cells 4232+16.9 401.9+28.7p=0.347
117-954 100-1017

DP-T cells 22.3+3.1 13.3+2.5p=0.051
2-192 2-94

DN-T cells 40.6+2.9 47.0+6.9p=0.974
4-161 6-212

B cells 266.1+13.5 245.0+16.4p=0.556
80-777 91-591

NK cells 231.4+10.8 285.1+20.4p=0.015
63-838 73-726

NKT cells 95.3+10.5 96.0+12.0p=0.854
3-766 13-283

*The average value of each subset was used for everyone.
®Females (age 45.2+0.4 mean + SEM; range 22-68; n=104).
“Males (age 50.5+0.8; 24-84; n=44).

4Difference between females and males.

°Mean + SEM and range for cell number/pL.

The ratio of CD4* to CD8* T cells has been used to
assess the immune condition since generally, a CD4/CDS§
ratio of 1.5-2.5 has been considered normal [39]; thus, a
CD4/CDS8 ratio of < 1 if repeatable might be grounds for
potential concern. The results for our female and male par-
ticipants are shown with median values with 10th, 25th,
75th, and 90th percentiles (Fig. 3). The CD4/CD8 T cell
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Fig.2 All samples over 12 years were combined to assess vari-
ances in numbers of lymphoid subsets (cell number/pL) of females
(n=104) and males (n=45). Analyses included 576 samples from
the females and 230 samples from males. * Based on ANOVA on
ranks and Dunn’s test, the subsets of females significantly differed
(p<0.05) from those of males for all subsets except DN-T and NK
cells
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Table 3 Vgria.nge of GL_R . 1D Sex Samples Age Mean + SD Range CV (%)
values for individuals with six
or more analysis 1 M n=8 40-45 1.29+0.314 0.96-1.98 24.3
7 F n=13 53-59 2.64+0.534 1.90-3.58 18.7
9 M n=9 41-45 2.41+0.542 1.24-3.27 22.5
12 M n=11 48-58 1.55+0.292 1.10-1.90 18.8
15 F n=13 29-37 2.65+0.430 1.75-3.23 16.2
36 M n=15 61-68 2.30+0.629 1.65-4.23 27.3
45 F n="7 44-53 0.94+0.156 0.76-1.15 16.6
49 M n=11 52-58 2.22+0.496 1.27-3.19 22.3
51 F n=9 60-66 1.34+0.326 0.97-2.04 24.3
64 F n=7 34-38 3.05+0.882 2.13-4.87 28.9
65 F n=11 49-56 1.27+0.242 0.89-1.68 19.1
67 F n=12 43-53 1.86+0.621 1.20-3.11 333
72 M n=9 49-56 2.85+0.663 2.15-4.21 23.3
76 F n=10 32-36 1.80+0.451 0.91-2.60 25.1
89 F n==6 4547 2.03+0.686 1.35-2.95 33.8
107 F n=17 38-46 1.42+0.302 0.99-2.02 21.3
113 F n=9 54-60 1.86+0.663 1.26-3.37 35.7
123 F n=3_8 50-54 1.97+0.427 1.54-2.86 21.7
126 F n==6 4145 2.65+1.31 1.24-4.73 49.3
139 F n==6 29-33 2.87+0.323 2.50-3.44 11.3
140 M n==6 24-29 2.18+0.515 1.62-3.03 23.6
161 F n=6 40-43 1.97+0.418 1.44-2.54 21.3
For the 15 females and 7 males, the GLR values ranged from 0.76 to 4.87 and 0.96—4.23 with mean + SEM
of 2.02+0.164 and 2.11+0.20, respectively. The mean CV%+SEM was 25.38+2.67 for females and
23.08 + 1.13 for males.
12 males. The CD4/CDS ratios (mean + SEM and range) were
° 2.45+0.10 and 0.89-6.58 for females and 2.74+0.27 and
.‘g 101 0.99-10.99 for males. The meaningfulness of a consistently
© high CD4/CDS ratio is less clear; it may be indicative of a
E 8 . pathology.
o
O 4| . R
- | Leukocyte numbers based on age and gender
a 4
(&) With simple linear regression analysis of females and
< 2 males using cell number/pL blood for the granulocytes
o + and lymphocytes subsets vs age, there were minimal dif-
o 0 . . ferences between females and males; however, granu-
Female Male locyte numbers of females declined slightly more than

Fig.3 The ratio of CD4 to CD8 T cells. The median and percentiles
of CD4/CD8 are shown for females (n=104) and males (n=44).
There was no significant difference

ratio was not significantly different between females and
males. However, there was a broad range for females and
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those of males with age, and NK cell numbers of females
and males slightly increased with age (not shown). DP-T
cell numbers of females increased more than those of
males with age, and CD8* T cells and DN-T cells of
females and males declined with age (Fig. 4). When
the female and male results were combined, there were
more subset differences based on age (Fig. 5). There
was a slight but not significant (p =0.0591) increase
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Fig.4 Numbers of T cell subsets of females and males of various
ages. The lymphoid subset cell numbers/pL. were based on immu-

nophenotyped populations corrected for bead counts/pL. Results are

Fig.5 Numbers of lymphoid
subsets combined for gender
and assayed ages 18-80. Com-
bining female and male values
at same age and exclusion of
some outliers (>2 SD from

significantly (p <0.05) with
age *; whereas, DP-T cells
increased significantly with age
#*% For CD4" T cells and NK
cells, there were no significant
changes with age
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shown for 104 females and 44 males. The linear regression line is
shown for females (black) and males (gray)
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in CD4" T cells, a significant (p <0.001) decline in Seasonal influences on numbers of leukocyte subsets
CD8* T cells, a significant (p < 0.001) increase in DP-T in blood of females and males

cells, a significant (p <0.001) decline in DN-T cells, a

significant (p =0.0326) decline in total T cells, a sig-  Since many individuals were screened multiple times
nificant (p <0.001) decline in B cells, and a significant  throughout the year and our proficiency program obtained
(p <0.001) decline in NKT cells; no significant change  samples in January, May, and September, we were able to

was obtained for NK cells.

Fig.6 Seasonal changes in
lymphoid subsets of females (F)
and males (M). Scatter plots and
means are shown for CD4" T
cells, CD8* T cells, B cells, NK
cells, DP-T cells, DN-T cells,
total T cells, and NKT cells.
The solid line shows the means
for the females and males for
each subpopulation in each sea-
son, and the dashed line shows
that the female subpopulation
means decline in September
and cellular subset numbers for
males are lower than those of
females except for NK cells
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the year (Fig. 6). For CD4" T cells, CD8" T cells, B cells,
DP-T cells, total T cells, and NKT cells, the cell numbers
for males were consistently lower than those for females in
all seasons, which is consistent with the results shown in
previous figures. There were no differences between females
and males for NK cells and DN-T cells regardless of sea-
son although the mean for the NK cell numbers of males
are slightly higher in all seasons than those of the females.
Additionally, there was a slight decline of all subsets for
females in September.

GLR values based on age and gender

The GLR for females, but not males, declined slightly with
age, and more females had GLR values >3 than males
(Fig. 7). The median and percentiles for the GLR values are
shown (Fig. 8), as described for CD4/CDS8 ratio (Fig. 3).
The mean + SEM and range for the GLR data for females
and males were 1.99 +0.05 and 0.72-5.96 and 2.05+0.07
and 0.90-4.54, respectively. The GLR values did not sig-
nificantly differ based on gender, but as indicated in Fig. 8,
more GLR values of females were above 3. A few varia-
tions of GLR for some individuals at different times are
shown (Fig. 9). An individual’s GLR value may temporarily
increase (male ID36) due to a stress or gradually increase
as for male ID48, who was later diagnosed with cancer.
Male ID1 had some musculoskeletal problems starting at
44. Female ID7 has allergies. ID9 had depression at age 44
and hypertension at 45. Male ID49 had fibroplasia. ID64 has
asthma. ID12, ID15, and ID36 reported no health problems.
Although there were no significant gender differences in
GLR values (Table 3), the females did tend to display more
variation. A female (ID126) in age range of 41-45 with no
reported health concerns had values of 1.24, 4.73,2.47, 1.89,
3.68, and 1.90. These sporadic increases > 3 might suggest a
temporary stress event.

Since to obtain the GLR we used the total lymphocyte
number and the total neutrophil number based on flow

123
7
6 .
5‘ ' .
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Fig.8 Total range of GLR values for females and males. The median
and percentiles of the GLR values are shown for females and males.
There was no significant difference

cytometric gates that may include low percentages of mono-
cytes and eosinophils, respectively, we also did regression
plots and linear regression analysis of CD4* T cells or CD8"
T cells with the GLR values for females and males. All that
could be concluded is that there are no significant differ-
ences if GLR is correlated with CD4* or CD8* T cells.

Discussion

The CDC designates that an acceptable variation in the
percentage of T cell subsets to be 3% for inter-laboratory
and inter-methodology variation in the reporting of results
for a control stabilized blood sample [40]. Most consistent
and accurate results were obtained using the heterogene-
ous gating system for lymphocytes of CD45 vs side scatter
[41-43]. Further, a switch from dual-platform to a single-
platform method for determining absolute cell counts also
decreased CV% in interlaboratory reporting of test results

Fig. 7 Granulocyte to lympho-
cyte ratio (GLR) of females and 5 M ale 7 Fe male
mah?s b'ased on age. The?e were R 10.1% > 3 12.2% >3
no significant changes with age . o 6 .
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Fig.9 Individual GLR variances. Fluctuations in GLR values with age from females (ID7, ID15, ID64) and males (ID1, ID9, ID12, ID36, ID48,

1D49)

[40, 41]. For this longitudinal study, 3, 4, and 6 colors with
single-platform methodology were employed to obtain the
results. Single sample replicate assays provided percentages
and count variations well within guidelines set by the CDC.
Attempts were made to follow all quality control measures
during the study.

Our longitudinal study, over the 14-year period, lead to
several noteworthy outcomes. Females presented the greatest
seasonal variation. Cell numbers for most subsets went down
from means in May to those in September. The number of
blood leukocyte populations has been reported to vary by
season and location [44], but lymphocyte subsets were not
assayed. The incidence and disease activity of cardiovascular
disease [45] and autoimmune disease [46, 47] in humans
has also been suggested to have seasonality. Since our study
population covered a wide range of ages and we followed
many of the study subjects over a relatively long period of
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time, we were able to examine the lymphocyte population
during aging. We found that CD4™" T cells slightly increased
and DP-T cells significantly increased with age, but CD8*
T-cells, DN-T cells, B cells, and NKT-cells decreased with
age. The decrease in CD8" T cell numbers with increased
age agrees with previous reports [48—50]. Changes in the
number of lymphocytes between winter and summer have
been suggested to be connected to the number of hours of
day light hours between the two seasons. The shorter day
lengths in winter lead to increased numbers of T and B cells
[51, 52]. Previous reports for seasonal variation of NK cells
were performed on a population of school children. Here, we
show seasonal variation of the NK cells in male and female
adults. NK cells were the only lymphocyte population that
had a higher means for males than for females, and the NK
cell means for males also dropped from the means in January
to those in September.
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One of the minor lymphocyte subsets examined in this
study was the DP-T cells. Although this is a minor popula-
tion in humans, it is a relatively large population in swine,
chickens, and monkeys. Therefore, much of the knowledge
acquired about DP-T cells has been obtained in these spe-
cies. It has been suggested that extrathymic DP-T cells
do not originate from the thymus but are developed from
either CD4" or CD8™ T cells in the periphery [53, 54].
These DP-T cells appear to be a population of memory
cells in that they usually are MHC class II positive, express
memory cell markers, and produce interferon-y [53]. Other
studies also indicated that the DP-T cells were a popula-
tion of activated, phenotypically distinct, and primed T
cells [55, 56]. In studies of cynomolous monkeys, it was
reported that peripheral blood DP-T cells were of a resting
T cell memory lineage and increased in number with age
[57]. Increased numbers of DP-T cells in humans during
aging has also been observed [56, 58]. Our results are in
agreement with these findings in that our data suggests
expansion of the DP-T lymphocyte subset population with
age.

Previous reports concerning DN-T cells in humans were
given a range of 0-2% for the normal population, but our
data suggests that the normal population may have a range
somewhat broader. Strong interest in the DN-T population
was triggered by the finding that patients with autoimmune
lymphoproliferative syndrome (ALPS) have significantly
higher percentages and absolute numbers of DN-T cells,
bearing either a/p or y/d TCRs, than the control popu-
lation [59-62]. Examination of the DN-T cells found in
ALPS patients revealed that some of these cells contain
somatic mutations in the Fas gene. These mutations can
be found in a variety of forms depending on the patient,
but in ALPS patients, all can effectively block apoptosis of
the DN-T cells [61]. Mutations have also been detected in
the Caspase 10 gene, which would also lead to a block of
apoptosis [63]. Therefore, it was proposed that the DN-T
cells are generated from a SP-T cell being given a death
signal but being unable to die due to some inability to
undergo apoptosis. In ALPS patients, the DN-T population
can reach as high as 40% of the lymphocyte population.
The disease is also characterized by hypergammaglobu-
linemia and autoimmune manifestations. Association with
autoimmunity was also observed in patients with systemic
lupus erythematosus (SLE) where it was noted that DN-T
cells provided help to B cells expressing CDl1c, resulting
in production of autoantibodies (IgGs) [64]. In SLE, the
DN-T cells differed from those from healthy controls in
that they expressed IL-4 in addition to the IFN-y normally
expressed by DN-T cells. A decrease in the number of
the DN-T cells during aging was suggested by the ALPS
studies [62]. Here, we present data indicating that DN-T
cells markedly decrease with aging in the healthy control

human population. Additionally, there were no gender, or
seasonal, differences observed for this sub-population in
our study.

Unlike DP-T and DN-T cells, NKT cells follow a unique
pathway of differentiation in the thymus which breaks
from that of conventional thymocyte development at
the double-positive stage [65, 66]. NKT cells in humans
express either the Va24-Jal8 or the Va7-Ja33 arrange-
ment of TCRs that recognize the non-polymorphic class
I molecules CD1d or MR1, respectively. For this reason,
the NKT cells can respond to glycolipid antigens, such
as galactosylceramide [67-69]. Activation of the NKT
cells by presentation of the glycolipid can enhance B cell
responses to protein antigens. This means the NKT cells
can behave like helper cells to increase B cell prolifera-
tion and increase immunoglobulin production. Further, the
activated NKT cells are associated with maintenance of
B-cell memory and recall responses. Unfortunately, NKT
cells’ exuberance in combating microbial disease infec-
tions also leads to secretion of many proinflammatory
cytokines, which can promote the initiation of autoim-
mune inflammation reactions [70, 71]. NKT cells try to
regulate their cytokine expression after sensing the pres-
ence of IL-2 and a ubiquitous endogenous ligand. Our
study indicated that the number of NKT cells decreased
in humans during aging; this decrease might contribute to
a weakening of the immune system regarding fighting off
pathogens in the elderly.

The GLR results obtained by analysis of the flow data
indicated that the GLR can be affected by a wide variety
of circumstances. Several of the healthy donors with rela-
tively low GLR values would at times show a spike in their
GLR. This jump in the GLR, sometimes as high as >4,
could be due to a pathogen infection or other momentary
stress. It has been reported that certain forms of stress
can increase peripheral blood neutrophils and decrease
the lymphocyte count [28]. Also, the donor with RA had
chronically low lymphocyte counts, which elevated the
GLR to >4 for each time the person was screened. For
several of the subjects in the study, a gradual increase
in the GLR was observed over time. It could be possible
that these individuals developed serious health problems
after the study ended, but no follow-up was able to be per-
formed to obtain this information. Considering the present
study results, it would be important to combine the GLR
value with other markers for inflammation to get a more
accurate assessment of a patient’s condition. To be more
consistent with other reports using NLR instead of GLR,
inclusion of neutrophil vs eosinophil percentages of the
granulocyte population might further aid patient analysis
with use of CD49d. It would be best to follow the patient
over a period to be sure that the elevated GLR was not
caused by some momentary stress event.
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