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Abstract
Anemia of inflammation or chronic disease is a highly prevalent form of anemia. The
inflammatory cytokine interleukin-6 (IL-6) negatively correlates with hemoglobin concentration in
many disease states. The IL-6-hepcidin antimicrobial peptide axis promotes iron-restricted
anemia; however the full role of IL-6 in anemia of inflammation is not well-defined. We
previously reported that chronic inflammation had a negative impact on maturation of erythroid
progenitors in a mouse model. We hypothesized that IL-6 may be responsible for impaired
erythropoiesis, independent of iron restriction. To test the hypothesis we utilized the human
erythroleukemia TF-1 cell line to model erythroid maturation and exposed them to varying doses
of IL-6 over six days. At 10 ng/ml, IL-6 significantly repressed erythropoietin-dependent TF-1
erythroid maturation. While IL-6 did not decrease the expression of genes associated with
hemoglobin synthesis, we observed impaired hemoglobin synthesis as demonstrated by decreased
benzidine staining. We also observed that IL-6 down regulated expression of the gene SLC4a1
which is expressed late in erythropoiesis. Those findings suggested that IL-6-dependent inhibition
of hemoglobin synthesis might occur. We investigated the impact of IL-6 on mitochondria. IL-6
decreased the mitochondrial membrane potential at all treatment doses, and significantly
decreased mitochondrial mass at the highest dose. Our studies indicate that IL-6 may impair
mitochondrial function in maturing erythroid cells resulting in impaired hemoglobin production
and erythroid maturation. Our findings may indicate a novel pathway of action for IL-6 in the
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anemia of inflammation, and draw attention to the potential for new therapeutic targets that affect
late erythroid development.
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INTRODUCTION
Anemia of inflammation or chronic disease (AICD) is a common form of anemia [1],
especially in older adults [2; 3], and associated with conditions such as cancers [1; 4; 5],
autoimmune disease [6; 7], chronic kidney disease [8; 9], chronic and acute infections [4;
10], and aging [2; 3; 11; 12; 13]. Decreased hemoglobin concentration has been associated
with increased mortality risk [3; 11; 14; 15; 16; 17; 18], decreased skeletal muscle strength
[13], decreased mobility [19], cognitive decline [20; 21], and overall decreased quality of
life [22; 23; 24] suggesting that AICD may not be an “innocent” bystander [4]. The burden
of AICD on the elderly is especially notable, with 10–32% of cases of anemia in patients
over 65 containing an underlying inflammatory component [2; 25; 26; 27]. Few evidence-
based treatment strategies are in place for AICD because the anemia usually resolves when
the underlying disease is treated. However, chronic diseases in older adults are often
“managed” rather than “cured”. In order to identify the best treatment strategies for patients
with anemia in various disease settings, we need to fully understand the molecular pathways
connecting inflammation to decreased hemoglobin.

The mitochondrion is the site of heme biosynthesis, and thus mitochondria are necessary for
generation of functional, mature erythrocytes [28; 29; 30]. Impaired mitochondrial function
plays a role in anemias such as Fanconi Anemia [31; 32], sideroblastic anemia [33], and
megaloblastic anemia [34]. Although mitochondrial dysfunction is thought to play a role in
many of the diseases that associate with AICD [35; 36; 37; 38; 39], a direct link to impaired
mitochondrial function and AICD has not been established. Inflammatory cytokines TNFα
[40; 41; 42; 43], IL-1β [40; 43], IL-1α [42], IFNγ [43] and IL-6 [44] have been shown to
negatively impact on mitochondrial function. It has also been suggested that mitochondrial
dysfunction could modulate the inflammatory process [45; 46], which could create a cycle
of increasing inflammation and further mitochondrial dysfunction.

Interleukin-6 (IL-6) is an inflammatory cytokine and a fundamental component of the acute
phase response, where it is involved in the recruitment of neutrophils to the site of injury
[47]. IL-6 can affect cells by binding its receptor and initiating the classical signaling
pathway or through binding to a soluble receptor and initiating the trans-signaling pathway
[48]. It is thought that IL-6 mediates the switch from acute to chronic inflammation via
activation of trans-signaling [49]. IL-6 levels correlate negatively with hemoglobin
concentration in conditions such as rheumatoid arthritis [50], lupus [51], multiple myeloma
[52], ovarian cancer [53], and frailty [54]. By stimulating the production of the iron
regulatory hormone, hepcidin [55], IL-6 can promote iron-restricted anemia [56]. AICD,
though, is typically a normochromic, normocytic anemia [1; 57], rather than a microcytic,
hypochromic anemia which would be consistent with iron-restricted anemia. The
normocytic, normochromic features of AICD may indicate that inflammation does more
than promote iron-restricted anemia. Patients treated with recombinant human IL-6 are
known to develop a reversible, dose-dependent form of anemia, caused by an expansion of
plasma volume [58; 59]. Beyond hepcidin stimulation and hemodilution, IL-6 has been
shown to have direct effects on erythroid development, in vitro, by down regulating γ globin
in K562 cells [60]. However, the effect of IL-6 on cells that have already committed to the
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erythroid lineage is not well understood. We have previously reported that, in a mouse
model of chronic inflammation with sustained elevation of serum IL-6, late stage erythroid
precursor production was significantly impaired [61].

In this study, we hypothesized that IL-6 has a direct, negative effect on erythroid
development. To test this hypothesis, we utilized an in vitro cell culture system. We
determined the effect of IL-6 on erythropoietin (Epo)-driven TF-1 cell maturation [62] by
immunophenotyping with antibodies against CD235a (glycophorin A, GYPA), CD44, and
CD71 (transferrin receptor) [63], as well as benzidine staining for hemoglobin. We also
investigated the effect of IL-6 on the expression levels of genes marking erythroid
commitment (GYPA); hemoglobin synthesis (aminolevulinate synthase 2, ALAS2;
hemoglobin beta, HBB) and later stages of erythroid maturation (Band 3, SLC4A1).
Because mitochondria are the site of heme biosynthesis and essential to efficient erythroid
maturation, we investigated the effect of IL-6 on mitochondrial mass, membrane potential,
and reactive oxygen species (ROS) production.

MATERIAL AND METHODS
Reagents

RPMI 1640 (without phenol red), Penicillin-Streptomycin, MitoTracker Green FM, 5-
(and-6)-chloromethyl-2',7'-dichlorodihydrofluorescein diacetate, acetyl ester (CM-
H2DCFDA), Phosphate buffered saline (PBS), Trizol Reagent, and fetal bovine serum (FBS)
were obtained from Life Technologies (Grand Island, NY). Tetramethylrhodamine methyl
ester perchlorate (TMRM), Bovine Serum Albumin (BSA), o-dianisidine (benzidine), acetic
acid, and 30% H2O2 were obtained from Sigma-Aldrich (St. Louis, MO). αCD235a-
Phycoerythrin (PE), αCD235a-PE-Cy5 conjugate, αCD44-Allophycocyanin (APC), and
αCD71- Fluorescein (FITC) were obtained from BD Biosciences (San Jose, CA). Procrit
Epoetin Alfa (Epo) was obtained from Amgen Pharmaceuticals (Thousand Oaks, CA).
Hank’s balanced salt solution (HBSS) was obtained from Mediatech Inc. (Manassas, VA).
StemSpan serum free expansion medium (SFEM) was obtained from StemCell
Technologies (Vancouver, BC, CA). Human recombinant granulocyte-macrophage colony-
stimulating factor (GM-CSF), human recombinant stem cell factor (SCF) and human
recombinant IL-6 were obtained from Peprotech (Rocky Hill, NJ).

Cell Culture
The human erythroleukemia cell line TF-1 (ATCC, Mannassas, VA) was maintained in
RPMI 1640 (without phenol red) medium supplemented with 10% FBS, 50U/ml-50μg/ml
Penicillin-Streptomycin, and 2ng/ml human recombinant GM-CSF. Cells were pelleted,
washed twice with PBS, and seeded at 1x105-2x105 cells/ml in RPMI 1640 supplemented
with 10% FBS and 50U/ml-50μg/ml Penicillin-Streptomycin. Cells were incubated at 37°C,
5% CO2 for 24 hrs, and then pelleted and washed twice with PBS. Cells were resuspended
in StemSpan SFEM supplemented with 50U/ml-50μg/ml Penicillin-Streptomycin, 5U/ml
Epo, and 50ng/ml SCF. The TF-1 cells were then dosed with IL-6 at 0, 1, 10, or 100ng/ml
and incubated at 37°C, 5% CO2 for six days. Cell growth and viability was determined by
trypan blue staining.

Flow Cytometry
TF-1 cells were stained with αCD235a-PE or PE-Cy5, αCD44-APC, αCD71-FITC,
MitoTracker Green FM, 0.1μ M TMRM, or DCF at concentrations outlined in the
manufacturer’s protocol. The cells were incubated for 30 min, in the dark, at 4°C. Cells were
then pelleted, resuspended in Hanks’ balanced salt solution with 1% BSA, and filtered. The
immunostained cells were then assessed using a FACSCalibur (BD, Franklin Lakes, NJ).
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Data was acquired on 50,000 gated viable cells (based on propidium iodide signal) and
analyzed using FlowJo software (Tree Star Inc, Ashland, OR).

Benzidine Staining
A staining solution of 0.49 mM H2O2 and 15.8 mM Benzidine in 12% acetic acid was
prepared. TF-1 cells were pelleted and resuspended in equal parts PBS with 2.5% FBS and
staining solution. Cells were incubated for 30 min, in the dark, at room temperature. Both
Positive and negative benzidine stained cells were then counted. The total number of cells
counted, for each sample, was 200–500.

qPCR
Total RNA was isolated from TF-1 cells by the Lowe Family Genomics Core facility using
the Trizol reagent method according to the manufacturer’s directions (Invitrogen, Carlsbad,
CA). The quality of total RNA samples was assessed using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Columbia, MD). Reverse transcription was performed by using the
isolated total RNA and processing with the Applied Biosystems (Foster City, CA) High-
Capacity cDNA Archive kit first-strand synthesis system for RT-PCR according to the
manufacturer's protocol. QRT-PCR was performed using the TaqMan assay system from
Applied Biosystems. All PCR amplifications were carried out in triplicate on an ABI
Prism® 7300 Sequence Detection System, using a fluorogenic 5’ nuclease assay (TaqMan®
probes). Relative gene expressions and p-values were calculated by using the 2−ΔΔCt method
[64]. The ΔCt value of each sample was calculated using a total of 3 endogenous control
genes [phosphoglycerate kinase 1 (Pgk1); Glyceraldehyde-3 phosphate dehydrogenase
(Gapdh); Beta actin (Actb)]. Fold change values for target genes [aminolevulinic acid
synthase 2 (ALAS2), hemoglobin, beta adult major chain (HBB), erythrocyte membrane
protein Band 3 (SLC4a1), and glycophorin A (GYPA)] were obtained by computing 2−ΔΔCt

for genes in “trial” relative to control samples. Proprietary probes and primers were
designed and synthesized by Applied Biosystems.

Statistical Analyses
Immunophenotyping and benzidine staining results were analyzed using a two sample T-
test, to test the effect of IL-6 at a given dose, and the nonparametric Cuzik test of the trend
using STATA (StataCorp, College Station, TX), to test the dose dependent effect of IL-6.
Data from mitochondrial experiments were reported as geometric mean fluorescence
intensity normalized to control (MFI), and was analyzed using a one sample T-test, to test
the effect of IL-6 at a given dose, and the nonparametric Cuzick test of the trend using
STATA, to test the dose dependent effect of IL-6. For the qPCR data differences, for a given
gene, in the average ΔCt’s between two groups were analyzed by either the two-tailed t-test
(in the case of equal variance) or two-tailed Welch t-test (unequal variance), the presence of
unequal variance was determined by the F-test (considered unequal if the F-test p-value <
0.2). We defined significance as a p value < 0.05.

RESULTS
Interleukin-6 Impairs TF-1 Erythroid Maturation

Cell counts and viability, determined by trypan blue staining, detected no change in cell
growth or viability after 6 days of IL-6 treatment (Figure 1). To assess the effect of IL-6 on
erythroid maturation, we utilized immunophenotyping by flow cytometry. As erythroid cells
mature, expression levels of the cell surface protein CD235a and transferrin receptor CD71
increase while levels of the cell adhesion protein CD44 decrease [63]. We do note that in our
system TF-1 cells cultured without GM-CSF appear to express some CD235a prior to
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treatment with Epo (data not shown). Stimulating human TF-1 cells with Epo results in the
appearance of two distinct populations based on correlated CD235a and CD44 expression or
CD235a and CD71 expression (Figures 2A and B). We defined the CD235alo CD44hi and
the CD235alo CD71lo populations as “immature” cells, and the CD235ahi CD44lo and
CD235ahi CD71hi populations as “mature” (though not fully mature or terminally
differentiated) TF-1 cells. Although distinct “immature’ and “mature” populations emerge
when using either CD44 and CD235a or CD71 and CD235a to immunophenotype, the
populations do not completely overlap. As erythroid cells continue to mature, the expression
of CD71 peaks and then starts to decline [61; 63; 65]. In our system this prevented
successful resolution of “mature” TF-1 cells from the “immature” population (Figure 3).
Therefore CD44 and CD235a were the best combination of markers tested to resolve the two
populations. Addition of IL-6 to the cultures impairs this erythroid maturation, with a larger
percentage of cells in the “immature” population. The resulting decrease in the percentage of
“mature” cells is significant at IL-6 concentrations of 10 ng/ml and 100 ng/ml (Figure 2C).
The Cuzik test indicates that the decrease in percent cells in the mature population is IL-6
dose-dependent (p=0.001).

Since we observed IL-6-mediated inhibition of erythroid maturation based on
immunophenotype, we expected hemoglobin synthesis might also be impaired by IL-6
treatment. 14.5 ± 1.2% of TF-1 cells cultured for six days with Epo stained for hemoglobin
with benzidine. There were significant decreases in benzidine-stained cells cultured in 10
ng/ml and 100 ng/ml of IL-6 (Figure 2D). Using the Cuzik test, we observed that the percent
of benzidine-stained cells decreased at IL-6 concentrations 10 ng/ml and above (p=0.022).

Interleukin-6 impairs late stages of erythroid development
To gain insight into the stage of erythroid development that is inhibited by IL-6, we assessed
the expression of four genes representative of early, mid, and later stages of erythroid
development. GYPA expression marks the earliest stage of erythroid commitment. Then
ALAS2, followed by HBB, mark heme biosynthesis and globin expression. Finally, the anion
transporter SLC4a1 (Band 3), which is a major site for cytoskeletal attachment and plays a
crucial role in gas exchange [66], represents the latest stage of development that we tested
[67]. TF-1 cells were treated with and without 100 ng/ml IL-6 and assessed for expression of
these four genes by qPCR. We observed that IL-6 had no significant effect on expression of
GYPA, ALAS2, or HBB (Table 1). As noted earlier, prior to treatment with Epo TF-1 cells
express some level of the cell surface marker CD235a (GYPA). The TF-1 cells appear to be
committed, at least partially, to the erythroid lineage without any stimulation from Epo,
which may explain why we see no change in the expression level of GYPA with IL-6
treatment. While we observed a decrease in benzidine positive cells with treatment of 100
ng/ml of IL-6, we saw no change in the expression of ALAS2 or HBB. IL-6 did have a
significant effect on SLC4a1 expression. We observed a two-fold decrease in the expression
of SLC4a1 in TF-1 cells treated with 100 ng/ml IL-6 (p=0.005, T-test). These data indicate
that IL-6 mediates its effect on TF-1 cells relatively late in the maturation process, after cells
have primed themselves for hemoglobin synthesis.

Interleukin-6 Decreases Mitochondrial Membrane Potential
Mitochondria are central to erythroid development, as they are an integral site of
hemoglobin biosynthesis [28; 29; 30]. While we observed that the percentage of benzidine-
positive cells was decreased, we did not observe a decline in ALAS2 or HBB gene
expression. The data may suggest that there is a post-transcriptional inhibition of
hemoglobin synthesis in IL-6 treated TF-1 cells. We postulated that IL-6 may impair
mitochondrial function, which could lead to an inhibition of heme biosynthesis, hemoglobin
production and erythroid maturation. We first assessed whether IL-6 treatment leads to a
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decrease in mitochondrial mass using the cell permeant, mitochondrial selective dye,
MitoTracker Green FM. MitoTracker Green FM can accumulate in the mitochondria
regardless of membrane potential, allowing its signal to be used as a surrogate for
mitochondrial mass [68]. We observed that mitochondrial mass was unaffected at IL-6
concentrations of 1 ng/ml and 10 ng/ml (Figure 4A). When TF-1 cells were treated with 100
ng/ml of IL-6, there was a significant reduction in mitochondrial mass in both the
“immature” and “mature” populations (Figure 4A). While a reduction in mitochondria could
explain impaired hemoglobin synthesis and erythroid maturation at 100 ng/ml IL-6, this did
not explain the same effects observed at 10ng/mL IL-6.

To further probe mitochondrial function in TF-1 cells treated with IL-6, we assessed the
mitochondrial membrane potential. Mitochondrial membrane potential can be used as an
indicator for mitochondrial function and cell health [69]. We used the cell permeant,
cationic, fluorescent dye Tetramethylrhodamine, methyl ester (TMRM), which is readily
sequestered by active mitochondria. The accumulation of TMRM in the mitochondria has
been shown to be driven by membrane potential and its fluorescence can be used to measure
mitochondrial depolarization [70; 71]. We observed that TF-1 cells treated with IL-6 had a
significant decrease in membrane potential at all concentrations, affecting both the immature
and mature populations of cells (Figure 4B). Since the decrease in potential was observed in
the cells treated with 1 ng/ml and 10 ng/ml of IL-6, we conclude that the reduction in
fluorescence is not due to a decrease in mitochondrial mass. While we did observe
significant reductions in potential at each IL-6 concentration we tested, the trend for the
decrease in membrane potential did not reach statistical significance across the groups. This
may be the result of larger standard deviations for this measure. Although mitochondrial
membrane potential is affected in TF-1 cells treated with IL-6, we did not observe any
increase in reactive oxygen species in those cells (Figure 4C).

DISCUSSION
AICD presents in various disease settings [1; 2; 3; 4; 5; 6; 7; 8; 9; 10; 11; 12; 13]. IL-6 is
known to negatively associate with hemoglobin concentrations in many of the same diseases
[50; 51; 52; 53; 54]. Our previous work suggests that inflammation can negatively impact on
erythroid maturation [25]. In this study we tested the hypothesis that IL-6 is sufficient to
inhibit erythroid maturation. While IL-6 concentrations may be higher in the bone marrow
microenvironment, a normal, healthy adult typically has a serum concentration of IL-6
around 1 pg/ml [72; 73], while in patients with multiple myeloma, the concentration of
circulating IL-6 is around 6 pg/ml [74; 75]. In cases of sepsis the concentration of
circulating IL-6 ranges from 50 pg/mL to 4 ng/ml [72; 76; 77], and in patients experiencing
septic shock the level can climb as high as 550 ng/ml [76; 78]. In using an in vitro cell
culture model system, we might expect cells adapted to culture conditions to have less
robust response to many growth factors and cytokines when compared to their in vivo
counterparts. Additionally, without macrophages to govern the “quality control” of
erythropoiesis, poorly developed erythroid progenitors may persist in a culture system that
would not persist in vivo. In our system we observed that IL-6 concentrations as low as 10
ng/ml can significantly impair erythroid maturation, while concentrations as low as 1 ng/mL
can impair mitochondrial membrane potential. Inhibition of TF-1 erythroid maturation was
observed as a decrease in the percentage of cells with a mature (CD235ahi CD44lo or
CD235ahi CD71hi) immunophenotype, and a corresponding increase in the percentage of
cells with an immature (CD235alo CD44hi or CD235alo CD71lo) immunophenotype. Results
from the immunophenotyping studies were supported by benzidine staining, in which we
observed a significant decrease in cells containing detectable hemoglobin at IL-6
concentrations of 10 ng/ml and 100 ng/ml.
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To further assess the effects of IL-6 on erythroid differentiation, we assessed mRNA
expression levels for GYPA, ALAS2, HBB, and SLC4a1 in TF-1 cells cultured in 100 ng/ml
IL-6 and Epo, versus Epo alone. We observed that cells cultured in IL-6 had significantly
decreased SLC4a1 (Band 3) expression, while there was no effect on expression of GYPA,
ALAS2, or HBB. This suggests that IL-6 mediates its effect rather late in erythroid
maturation, since, of the four genes, SLC4a1 is expressed latest during erythropoiesis. Band
3 has been shown to be necessary for proper erythroid cell division [79], and although IL-6
decreased Band 3 expression we did not observe any negative effect on cell growth.

Although the genes associated with hemoglobin synthesis appear to be unaffected, benzidine
staining demonstrated cellular hemoglobin is negatively impacted by IL-6. We suspected
that IL-6 may be affecting the functionality of the mitochondria itself. We therefore chose to
investigate whether the physiology of the mitochondria had been altered by IL-6. We
observed no increase in ROS in our model, and saw a reduction in mitochondrial mass only
at the highest concentration of IL-6. Cultures of cells in 100 ng/ml IL-6 also demonstrated
the largest decrease in membrane potential, which may be related to the decrease in
mitochondrial mass observed at that concentration. Low membrane potential in
mitochondria is known to recruit Parkin and promote autophagy [80], which may result in
the decrease in mitochondrial mass observed in cells treated with 100 ng/ml of IL-6.

Our results show that mitochondrial membrane potential is decreased by IL-6 at
concentrations lower than those in which we can detect impaired erythroid maturation using
immunophenotyping. We have shown that IL-6 treatment results in reduced expression of
SLC4a1, a plasma membrane anion transporter. It is not known what affect IL-6 may have
on mitochondrial membrane ion channels and transporters. While we do not yet understand
the mechanism which IL-6 induces a decrease in mitochondrial membrane potential, the
reduction in potential may play a part in the reduction of benzidine-positive cells and
impaired erythroid maturation that we have described. In yeast, a decrease in mitochondrial
membrane potential has been shown to negatively impact iron import into the organelle [81].
Any perturbation of iron import into the mitochondria would negatively affect heme
biosynthesis. It is also possible that a decrease or block in heme export from the
mitochondria could be responsible for both the decrease in membrane potential and cellular
hemoglobin we observed. Iron overload has been shown to depolarize mitochondria [82;
83]. Additionally, mitochondria in astrocytes sequester iron in times of stress [84]. IL-6
could be acting as a stressor, which would cause the sequestration of iron in the
mitochondria and lead to a repression in hemoglobin synthesis and maturation. Future
studies will assess the effect of IL-6 on the molecular pathways of mitochondrial iron
trafficking and metabolism.

CONCLUSION
We have shown, in an in vitro model that the presence of IL-6 in culture medium results in
reduced erythroid maturation and hemoglobin synthesis. IL-6 appears to mediate its effect
late in erythropoiesis, after the cells have started expressing genes for hemoglobin synthesis.
We found that IL-6 also has a negative effect on mitochondria, by decreasing membrane
potential. Our results make a new connection between an inflammatory cytokine and
mitochondrial function in erythroid precursors, and suggest further studies into this pathway
are needed to elucidate its potential clinical impact, especially in patients with anemia and
elevated IL-6.
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ABBREVIATIONS

AICD anemia of inflammation or chronic disease

ALAS2 aminolevulinate synthase 2

CM-H2DCFDA chloromethyl-2',7'-dichlorodihydrofluorescein diacetate, acetyl ester

Epo erythropoietin/ Epoetin Alfa; GM-CSF

GYPA glycophorin A

HBB hemoglobin beta

IFN interferon

IL-6 interleukin-6

SLC4a1 Band 3

SCF stem cell factor

SFEM serum free expansion medium

TMRM tetramethylrhodamine methyl ester perchlorate

TNF tumor necrosis factor
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FIGURE 1.
TF-1 cell growth and viability with IL-6 treatment. A) Cell growth was assessed by manual
cell count after six days of culture. IL-6 appeared to have no significant effect on growth.
Error Bars = Std Dev., n = 8–12; B) Cell viability was assessed by manual cell count and
trypan blue stain. IL-6 showed no significant effect on viability over the six day time course.
Error Bars = Std Dev., n = 12
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FIGURE 2.
The effect of interleukin-6 on TF-1 maturation. A) TF-1 cell maturation was assessed by
flow cytometry using markers for CD235a and CD44. Two distinct populations were formed
with stimulation of Epo; CD235alo CD44hi (immature cells) and CD235ahi CD44lo (mature
cells). Treatment with IL-6 resulted in a significant shift in cell percentage from the
“mature” population to the “immature”. n = 9; B) Flow plot using markers for CD235a and
CD71, showing a similar significant shift in populations. n = 5; C) The dose response of
increasing IL-6 treatments on the percent of “mature” cells (defined with CD235a and
CD44). IL-6 doses of 10 ng/ml and 100 ng/ml significantly reduced the percent of “mature”
TF-1 cells by 6 days. Error bar = Std Dev. n = 9; D) Benzidine staining supports the results
of immunophenotyping. We observed a significant decrease in positive stained cells at 6
days with IL-6 dosing of 10 ng/ml and 100 ng/ml. The results of the combined experiments
suggest that IL-6 can repress the maturation of TF-1 cells. Error Bars = Std Dev. n = 3.
*p<0.005, #p=0.02, ^p<0.01, $p<0.05, Student’s T-test
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FIGURE 3.
Comparison of CD44/CD235a and CD71/CD235a populations. TF-1 cells treated with Epo
alone were plotted by their CD44 and CD235a signal (left). The mature population
(CD235ahi CD44lo, blue) and the immature population (CD235alo CD44hi red) were
selected. The two populations were then plotted based on their CD71 and CD235a signal
(right). When using CD71 as a marker for TF-1 cell maturation two distinct populations
emerge, which are similar to the populations when using CD44 as a marker. CD71, though,
is unable to distinguish the most mature TF-1 cell from the immature, since those cells lose
their CD71 signal and overlap with the immature (red) population. This indicates CD44 and
CD235a resolve distinct populations of erythroid precursors better than CD235a and CD71
using this time course for TF-1 cell erythroid maturation.
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FIGURE 4.
The effect of interleukin-6 on mitochondrial physiology. A) MitoTracker Green FM was
used to assess changes in mitochondrial mass with treatment of TF-1 cells with IL-6.
Mitochondrial mass was unchanged in both the “immature” (black bars) and “mature” (grey
bars) populations at concentrations of 1 ng/ml and 10 ng/ml. There was a significant
reduction in mitochondrial mass for both populations with dosing of 100 ng/ml IL-6. n = 8;
B) TMRM was used to assess changes in the mitochondrial membrane potential with
treatment of TF-1 cells with IL-6. Significant decreases in membrane potential were
observed in both groups (“immature”-black bars"mature”-grey bars) for all doses of IL-6. n
= 7; C) CM-H2DCFDA was used to assess the reactive oxygen species levels in TF-1 cells
with IL-6 treatment. There was no significant change in reactive oxygen species in any of
the treatment groups when compared to control. n = 7. Black bars = immature population,
Grey bars = mature population, ^p<0.01, *p=0.01, $p<0.05, #p=0.05, Student’s T-test
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TABLE 1

Effect of interleukin-6 on genes associated with erythropoiesis

Gene Fold Change
(100ng/ml IL-6 vs. Epo)

p value

GYPA 1.17 0.55^

ALAS2 −1.23 0.43*

HBB −1.23 0.47^

SLC4a1 −2.04 0.005*

*
unequal variance, Welch T-test;

^
equal variance, Two-tailed T-test; n = 9
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