1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pain. Author manuscript; available in PMC 2016 June 15.

-, HHS Public Access
«

Published in final edited form as:
Pain. 2014 December ; 155(12): 2439-2440. doi:10.1016/j.pain.2014.08.010.

Does cold hypersensitivity increase with age in sickle cell
disease?

Zaijie Jim Wang",
Department of Biopharmaceutical Sciences, College of Pharmacy, University of lllinois at
Chicago, Chicago, IL, USA

Comprehensive Sickle Cell Center, University of lllinois, Hospital and Health Sciences System,
Chicago, IL, USA

Robert E. Molokie, and
Department of Biopharmaceutical Sciences, College of Pharmacy, University of lllinois at
Chicago, Chicago, IL, USA

Division of Hematology/Oncology, College of Medicine, University of, lllinois at Chicago, Chicago,
IL, USA

Comprehensive Sickle Cell Center, University of lllinois Hospital and Health Sciences System,
Chicago, IL, USA

Jesse Brown Veterans Administration Medical Center, Chicago, IL, USA

Diana J. Wilkie
Department of Biobehavioral Health Science, College of Nursing, University of Illinois at Chicago,
Chicago, IL, USA

Comprehensive Sickle Cell Center, University of lllinois Hospital and Health Sciences System,
Chicago, IL, USA

Sickle cell disease (SCD) is a genetic disease due to a single nucleotide mutation in the -
globin gene on chromosome 11, resulting in the substitution of valine for glutamate at the
sixth amino acid [10]. The disease is characterized by hemoglobin polymerization, red cell
sickling and hemolysis, and multiple complications. Recent advances in its treatment have
significantly prolonged patients’ life expectancy, yet little progress has been made in
understanding and treating the hallmark of the disease—pain, a lifelong companion of
people living with SCD [1,16]. In fact, pain and SCD are so intimately intertwined that
African tribal words for the disease, spoken centuries before the first description of SCD by
Dr. Herrick [7] in the Western literature, are onomatopoeic for pain.

Myths and misunderstanding exist for pain in SCD. Patients experience both acute pain
crisis and chronic pain [18,20]. The latter can be more severe than cancer pain or labor pain
during childbirth [20]. To this day, it remains controversial whether there is a component of
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neuropathic pain in SCD, although accumulating evidence would suggest so [12,13,20].
Additional evidence came from animal studies in which transgenic mice exhibited long-
lasting evoked hypersensitivity to mechanical, heat, and noxious cold stimuli [8,11,19].

In this issue of Pain, Zappia et al. [21] have taken advantage of the available Berkeley sickle
cell transgenic mouse model [15] to study hypersensitivity to mild cold (23 °C) in SCD.
Berkeley mice lack mouse a and p hemoglobin genes, and express exclusively human o and
sickle f hemoglobins. Among various SCD models, Berkeley mice represent a serious form
of sickle cell anemia, and have a phenotype that closely mimics many features of severe
SCD in humans, including severe hemolytic anemia, irreversibly sickled red cells, increased
rigidity of erythrocytes, and extensive multiple organ damage [9,15]. First, Zappia et al.
applied an innovative operant assay for temperature preference using 2 plates that can be
independently programmed to different temperatures. Berkeley mice spent significantly less
time on the plate set to 23 °C than that at 30 °C. In contrast, control mice spent an equal
amount of time on each plate. Thus, Berkeley mice exhibit hypersensitivity to both mild
(this study) and extremely cold stimuli [4]. Clinically, patients with SCD have enhanced pain
sensitivity to cold environments [2,12,17].

Moreover, Zappia et al. [21] found that aged Berkeley mice (average age, 18.4 months) spent
even less time on the 23 °C plate in comparison with the younger Berkeley mice (average
age, 7.9 months). The difference was not caused by altered activity, because all mice crossed
the 2 chambers about the same number of times. It should be noted that the observation was
not the pain transition seen in patients with SCD, which occurs in their late teens or earlier
20s when patients not only appear to have an increase in painful episodes with age but also
have an increase number of painful episodes [2,12,17]. In an earlier report, this research
team reported that subjects with SCD had lowered thresholds for cold pain and detection [3],
consistent with the current findings from the mice. Age was found to be associated with
increased sensitivity to cold, heat, and mechanical stimuli in patients with SCD as well as
healthy controls; however, subjects were 15 to 16 years old in the study, and, based on the
mean and standard deviations (minimum and maximum ages were not reported), all were
younger than 35 years. Another team studied children and adolescents 10 to 18 years of age
using quantitative sensory testing (QST) measurements, and found that increased sensitivity
to cold pain was site dependent compared to that in controls [14]. The forearm (P=.03)
showed sensitivity, but the thenar eminence (P = .084) did not [14]. Our group reported
sensitivity to cold, heat, and mechanical stimuli in 25 adults with SCD, 12 of whom were
>40 years of age and 13 of whom were <40 years of age, and no age differences in
sensitization were observed when the QST measurements were conducted at 2 painful sites
and one nonpainful site [5,6]. All 3 studies included small samples, and only one study had
older adults, which means that additional research is needed to clarify the inconsistent
findings and to relate them to basic science findings regarding sensitivity of hairy and
glabrous skin, which are well known to differ in sensitivity to non-noxious and noxious
stimuli.

In many ways, the clinical QST studies were consistent with the current findings from the
Berkeley sickle mice. On the other hand, there is some discordance among the clinical
findings and the basic science study. First, only aged Berkley sickle mice, not aged control
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mice, showed cold sensitivity compared with younger mice (Fig. 3A). In addition, the
enhanced pain sensitivity in aged-Berkeley mice appeared to be limited to mild-cold stimuli,
as the sensitivity to light mechanical touch was not changed in aged Berkeley mice
(supplemental Fig. S1).

What was the molecular basis for enhanced cold response in Berkeley sickle mice? Zappia et
al. further performed some elegant and comprehensive functional and genetic studies. They
found that C fibers from Berkeley mice displayed increased sensitivity to cold detection,
which is in agreement with the behavioral observation [21]. Things, however, were
considerably more complicated at the molecular or mMRNA levels. There were no changes for
the transcripts of the usual cold “suspects,” including transient receptor potential melastatin
(Trpm8) and transient receptor potential ankyrin 1 (Trpal) channels, and 2-pore domain
potassium channels, Kenk2, Kenk4, and Kenk10. A polymerase chain reaction (PCR) array
of 84 additional genes found a 2.7-fold increase of mMRNA for the substance P receptor and
1.6-fold increase of mRNA for endothelin 1 in sickle vs. control animals.

Although we do not know exactly how Berkeley mice develop hypersensitivity to mild cold,
it is clear that these mice have long-lasting cold hypersensitivity (>10.5 months). Cold,
including cold weather, is known to exacerbate pain in patients with SCD [2,12,17], which
may be due to the underlying neuropathic pain conditions. Fully characterizing pain in SCD
will help to develop preventive and treatment strategies for patients with SCD. Lack of
sufficient normative QST data for younger and older African American adults presents an
immediate impediment to moving the field forward.
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